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ABSTRACT 

This project sought to examine and critically evaluate current methodologies for 

the analysis and interpretation of osteoarthritis and rheumatoid arthritis within 

palaeopathology, with reference to clinical research. A compartmental recording 

method was developed for osteoarthritis and a distinction between degenerative joint 

changes and osteoarthritis was maintained. This method was applied to the analysis of 

five Post-Medieval skeletal populations from both rural and urban sites from northern 

England. An analysis of the pattern and distribution of osteoarthritis and DJC between 

the sites, including rural versus urban differences, age and sex-specific comparisons, 

and, where possible, a comparison with contemporaneous sites from southern England 

was undertaken. A set of diagnostic criteria for rheumatoid arthritis was developed, 

applied, and tested on potential cases of rheumatoid arthritis within the archaeological 

record. Given this condition’s scarcity within the palaeopathological context, a wider 

geographical and temporal analysis was conducted. 

Results, based on clinical research and differential prevalence rates, indicated 

that DJC and osteoarthritis should be assessed separately. General rural-urban patterns 

were similar for DJC, even when compared with age or sex, which was not the case for 

osteoarthritis. The compartmental approach indicated differential distributions between 

mobile and stable elements of ball-and-socket and between skeletal elements in hinge 

joints respectively, which was explained through osteophyte-development and 

biomechanical analysis. The results were compared with clinical research to explore the 

impact of degeneration on the daily lives of past individuals, while not relying on 

activity reconstruction. 

A foundation for future research on rheumatoid arthritis was created by the 

development of the set of diagnostic criteria and a visual comparative study of the 

erosive lesions between palaeopathological cases. Remarkable similarities were found 

in the expression of erosions in several skeletal elements (ulna, radius and cervical 

vertebrae). By analysing clinical, palaeopathological and historical information this 

project concluded that the disease is not of recent origin.   
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DJC	   Degenerative	  joint	  changes	  
Dist	  Fib	   Distal	  Fibula	  
Dist	  Rad	   Distal	  Radius	  
Dist	  Tib	   Distal	  Tibia	  
Dist	  Ulna	   Distal	  Ulna	  
EB	   Eburnation	  
F	   Female	  
Glen	  Hum	   Glenohumeral	  Joint	  
Ham	   Hamate	  
HD	   Hanging	  Ditch	  
JCC	   Joint	  contour	  change	  
L	   Left	  
Lat	   Lateral	  
Lun	   Lunate	  
M	   Male	  
Macro	  PO	   Macro	  porosity	  
MC	   Metacarpal	  
Med	   Medial	  
Micro	  PO	   Micro	  porosity	  

Min/Mod/Flor	   Minimal	  /	  Moderate	  /	  Florid	  changes	  in	  the	  temporomandibular	  
joint	  

MO	   Marginal	  osteophytes	  
MT	   Metatarsal	  
Nav	   Navicular	  
Nr	   Number	  of	  cases	  
OA	   Osteoarthritis	  
Pat-‐Fem	   Patellofemoral	  joint	  
Pisi	   Pisiform	  
Prox/Dist/Both	   Proximal	  /	  Distal	  /	  Both	  joint	  surfaces	  
R	   Right	  
Scap	   Scaphoid	  
RotCuff	   Rotator	  Cuff	  changes	  
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T	   Total	  
Tal	   Talus	  
Tib-‐Fem	   Tibiofemoral	  joint	  
TMJ	   Temporomandibular	  joint	  
TPR	   True	  prevalence	  rate	  
Trap	  1	   Trapezium	  
Trap	  2	   Trapezoid	  
Triq	   Triquetral	  
%	   Percentage	  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 28 

Chapter	  1. A	  Question	  of	  Importance:	  Joint	  Disease,	  

Past	  and	  Present	  
Joint disease covers a wide array of disorders that are both erosive and 

proliferative. The study of joint degeneration has long been a significant focus of 

palaeopathological research due to its common occurrence and its potential for 

reconstructing past activities (Burt et al. 2013, v; Ortner 2003, 545; Waldron 2012, 514). 

In this project, two of the most common joint diseases in modern society have been 

chosen for a palaeopathological re-evaluation: osteoarthritis and rheumatoid arthritis 

(Arden and Cooper 2006, 1; Maradit Kremers and Gabriel 2004, 1, 3; Resnick and 

Kransdorf 2005, 226; Roach and Tilley 2007, 1; Roberts and Manchester 2005, 132). 

While osteoarthritis is the quintessential proliferative joint disease, rheumatoid arthritis 

is erosive (Waldron 2012, 514).  

 While the palaeopathological appearance of osteoarthritis and rheumatoid 

arthritis is significantly different, debates concerning the osteological expression of both 

diseases continue. Authors like Auferheide and Rodríguez-Martín (1998, 94, 101), Burt 

et al. (2013, 6-8, 33-34), Jurmain (1999, 33), Ortner (2003, 546, 562-563), Rogers and 

Waldron (1995, 45, 63), and Waldron (2009, 34, 52) have all provided guidelines for 

the identification of osteoarthritis and rheumatoid arthritis. However, with osteoarthritis 

there is disagreement regarding whether to consider only eburnation for diagnosis, 

rather than a combination of lesions, such as osteophytes, porosity and joint contour 

change. Case studies have been published on rheumatoid arthritis, yet a comprehensive 

and synthetic review of the disease from a clinical, historical, and palaeopathological 

perspective has not been attempted before.  

The first primary aim of this project is to develop and evaluate methodological 

approaches to the analysis and interpretation of osteoarthritis and rheumatoid arthritis in 

the past. The second primary aim assesses how modern clinical advances can influence 

the interpretation of osteoarthritis and rheumatoid arthritis in palaeopathology and 

attempts to improve congruence between clinical research and palaeopathological 

results. While these are the primary goals of the project there are five secondary aims 

that will be discussed below. 
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1.1. Osteoarthritis	  

Osteoarthritis is defined in modern clinical research as a group of different diseases 

with variable causes, but similar outcomes. While its cause is still unknown, research 

has been conducted regarding its multifactorial aetiology, the associated symptoms, and 

the radiographical expression of the disease (Flores and Hochberg 2003, 3-5; O’Reilly 

and Doherty 2003, 197). In palaeopathology the skeletal expression of osteoarthritis has 

been recorded in a variety of ways. Eburnation is considered to be pathognomonic for 

osteoarthritis (Rogers and Waldron 1995, 45; Jurmain 1999, 30) and this has led to the 

suggestion that only eburnation should be used in the palaeopathological identification 

of osteoarthritis (Jurmain 1999; Molnar et al. 2011; Weiss and Jurmain 2007). Research 

has shown that eburnation is a late feature of the disease, which occurs once the 

protective cartilage has worn away (Rogers and Waldron 1995, 44; Ortner 2003, 35; 

Waldron 2009, 34). However, a study by Rogers and Waldron (1995, 45) suggested that 

in the absence of eburnation, two of the following criteria should be used for 

osteoarthritis diagnosis: marginal osteophytes, central osteophytes, porosity, or joint 

contour change. The relationship of these lesions to the development of osteoarthritis is 

not clear and contradicting reports have come from palaeopathology and clinical 

research on their usefulness in recording the disease (Flores and Hochberg 2003, 3-5; 

Jurmain 1999, chapter 2; Mastbergen and Lafeber 2011, 2562; Menkes and Lane 2004, 

S53; Rothschild 1997, 529; van der Kraan and van den Berg 2007, 237). This has 

created debate in palaeopathology and has led to the use of both classification methods 

in studies. The first secondary aim of this study is to design a new methodological 

framework for osteoarthritis, which will build upon a pilot study from the author’s MSc 

dissertation (Craps 2011) and will record the observed changes as either osteoarthritis 

(eburnation) or degenerative joint changes (osteophytes, porosity, joint contour change) 

and examine the pattern of expression in terms of joints affected, compared with age 

and sex. The questions related to this goal are the following: 

- Can clinical research into the lesions associated with osteoarthritis provide 

clarification on their relationship to the disease process? Based on this, is it 

possible to infer whether degenerative joint changes (DJC) occur as a precursor 

to osteoarthritis? 

- What are the patterns of osteoarthritis and DJC prevalence that can be observed 

within the different joints? Do these patterns differ when compared with sex 

and age?  
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The latter question will also lead to the examination of a hypothesis, which is based on 

clinical research (Felson 2003, 9; Huffman and Kraus 2012, 604; Lajeunesse and 

Reboul 2007, 24; Nevitt 2006, 27; Resnick and Kransdorf 2005, 358-9): 

- Males are more affected by degeneration in the young adult and middle adult 

age ranges, whereas females are more affected in the old adult age range. 

 

The majority of the osteoarthritis research in this project focuses on five skeletal 

collections from the Post-Medieval period (AD 1500 – AD 1900) in the north of 

England. This period is underrepresented in both archaeology and palaeopathology 

(Cherryson et al. 2012; Kase Tancock 2014; Petts and Gerrard 2006). However, several 

skeletal collections have been excavated in the past few years, which allow a 

comparison of health in rural and urban populations during this period. The rural 

population of Fewston, North Yorkshire is unique, being the only rural skeletal 

population available for analysis from the north of England. Barton-upon-Humber, 

North Lincolnshire, is a small, mainly rural, town, with some urban elements. The urban 

populations include Hanging Ditch (Manchester), Coach Lane (North Shields, Tyne-

and-Wear), and Coronation Street (South Shields, Tyne-and-Wear). Barton-upon-

Humber is the only one of these sites to have been previously examined for the presence 

of osteoarthritis. This research therefore represents a new addition to the knowledge 

concerning osteoarthritis prevalence in Post-Medieval northern England. The second 

secondary aim of this research project is to compose a detailed population-study of the 

prevalence of degeneration in northern Post-Medieval populations. This research will 

not focus on activity reconstruction, but will examine how modern clinical research can 

contribute to the historical reconstruction of the effect of osteoarthritis on past 

populations. The questions relating to this aim are the following: 

- Can any differences be identified in the prevalence of osteoarthritis and DJC 

between the selected rural and urban populations from Post-Medieval northern 

England? Is this potential difference also observed in the sexes? 

- Will a comparison between the prevalence rates from the northern populations to 

those from contemporaneous southern populations indicate any different 

patterns? Are there differences in these patterns when correlating the results with 

sex? 

- Are the patterns of osteoarthritis observed in modern clinical populations 

different from the patterns of osteoarthritis and DJC in the examined Post-

Medieval populations?  
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Following on from these questions another hypothesis will be tested: 

- The distribution of degeneration between males and females is similar in the 

Post-Medieval sites from this study, contemporaneous Post-Medieval sites and 

in modern clinical studies. 

Finally within this second secondary aim another question will be analysed: 

- Is it possible to analyse the impact of osteoarthritis on individuals in the past 

through modern clinical research?  

 

Palaeopathological and clinical research has stated that it is important to consider 

the different joints of the body separately, as osteoarthritis disease manifestations can 

differ between them (Nevitt 2006; O’Reilly and Doherty 2003; Pereira et al. 2011; 

Resnick and Kransdorf 2005; Weiss and Jurmain 2007, 439). Clinical research has also 

shown that the risk factors, which predispose a joint to developing osteoarthritis, are 

different for each joint in the body (Johnson and Hunter 2014, 6). This means that in 

palaeopathology the analysis of osteoarthritis and its implications on the examined 

skeletal population must be conducted first on a joint-specific basis after which a 

comparison of prevalence rates between the joints can be conducted. Several authors 

have suggested that the use of a compartment-based method for recording osteoarthritis 

would be beneficial to analysis (Burt et al. 2013, 10; Jurmain and Kilgore 1995, 444; 

Rogers and Dieppe 1994, 612). The third secondary aim consists of creating and 

assessing the use of a compartmental recording method in providing a nuanced analysis 

of potential patterns. The questions related to this aim are the following: 

- Can the compartmental recording method identify specific patterns in 

osteoarthritis distribution that would not be evident when analysing only the 

complete joint? Does the compartmental approach facilitate comparative 

research with clinical studies?  

 

1.2. Rheumatoid	  Arthritis	  

Rheumatoid arthritis is the most common erosive joint disease in the world today 

(Burt et al. 2013, 29; Maradit Kremers and Gabriel 2004, 7; Resnick and Kransdorf 

2005, 226); however, in palaeopathology it is considered to be a relatively rare 

condition. At present the published palaeopathological record on rheumatoid arthritis 

consists of a number of case studies (discussed in Chapter 3) with only a few attempts 

to provide guidelines for the identification of the disease (Aufderheide and Rodríguez-
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Martín 1998, 99-100; Burt et al. 2013, 29-37; Ortner 2003, 561-569; Rogers and 

Waldron 1995, 55-63; Waldron 2009, 46-49). The expression of rheumatoid arthritis is 

not well understood and no visual comparison of cases on dry bone has ever been 

attempted. The fourth secondary aim of the study is to assemble a compendium of 

information on rheumatoid arthritis to make identification of potential cases in the 

future more accessible. The questions relating to this aim are the following: 

- To create a set of diagnostic criteria for rheumatoid arthritis that will standardise 

the recording of the disease and facilitate the examination of skeletal data. 

- To analyse the skeletal remains of individuals with suspected rheumatoid 

arthritis in order to test the set of diagnostic criteria. 

- To create a visual comparative database of the skeletal lesions of potential 

rheumatoid arthritis. 

- To apply the set of diagnostic criteria to the published palaeopathological 

literature, which will allow a more standardised comparison of the published 

cases with the cases examined for this project. 

- To assemble the relevant clinical literature in order to examine the disease from 

a palaeopathological perspective and assess its potential applications to skeletal 

remains.	  

 

The sites that were examined for the osteoarthritis section of this research were also 

studied for potential cases of rheumatoid arthritis. However, given the rarity of the 

disease in palaeopathology, a much broader geographical and temporal scope was 

employed in order to refine diagnostic criteria and evaluate the extent and severity of 

cases in the past. Other skeletal collections examined for this project belonged to the 

Medieval and Post-Medieval periods from London. The published literature examined 

includes cases from Prehistory until the Post-Medieval period and ranges 

geographically from the Americas to Europe and Japan. 

A debate that surrounds research into rheumatoid concerns the history of the disease. 

There are currently three theories that debate the ‘origins’ of rheumatoid arthritis: the 

Recent Origin theory, the Ancient Origin theory and the New World to Old World 

theory (Entezami et al. 2011, 1). While many studies have discussed the debates or 

delivered potential evidence for the antiquity of the disease, the fifth secondary aim of 

this research project will bring together the relevant evidence for rheumatoid arthritis in 

order to elucidate this debate. The questions related to this aim is the following: 



 33 

- Is it possible to elucidate the debate on the ‘origins’ of rheumatoid arthritis by 

assembling the relevant medical historical, art historical, palaeopathological and 

modern clinical evidence, and thus presenting an informed discussion on the 

three origin theories?  

 

1.3. The	  Significance	  of	  this	  Project	  

Rheumatoid arthritis affects 1-2% of the world’s population, while osteoarthritis 

affects approximately 10% of those over the age of 60 years (Alamanos and Drosos 

2005, 133; Edwards and Cooper 2005, 1; Cooper et al. 2013, 145). The impact of these 

diseases on modern society (economical and social) cannot be underestimated, and thus 

it is important to also understand the antiquity of these diseases and whether there were 

fluctuations in the prevalence of these diseases over time. The expression of each 

disease should be subjected to a re-evaluation, with the creation of a new methodology 

that aligns more closely with the clinical literature. This will allow a more detailed 

examination of potential patterns in palaeopathology and facilitate clinical comparisons.   

Recent studies by Weiss and Jurmain (2007) or Waldron (2012) have provided 

guidelines to the rigour of studies of joint disease within palaeopathology. However, 

most of the published literature continues to provide crude overviews of prevalence of, 

for example osteoarthritis, or focuses simply on activity reconstruction. Through a 

compartmental approach for recording osteoarthritis and by providing a set of 

diagnostic criteria for rheumatoid arthritis, this research will aim to improve the 

congruence between clinical research and palaeopathological results. It will also assess 

modern risk factors and their potential influence on past societies, which will allow a 

more informed reconstruction of the impact of osteoarthritis or rheumatoid arthritis on 

the past.  

Clinical research into these two diseases has not halted; every month new 

discoveries are made and articles are published. It is thus necessary for 

palaeopathologists to examine this information and analyse the implications for skeletal 

recording and interpretation. This research will bring together the relevant advances in 

modern clinical research and will interpret them from a palaeopathological perspective. 

 

1.4. Thesis	  Structure	  

Chapters two and three are literature reviews, providing background information 

on osteoarthritis and rheumatoid arthritis respectively. The terminology, clinical and 
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palaeopathological definitions, relevant clinical research, historical research, and finally 

the relevant palaeopathological studies are critically assessed. Chapter four presents the 

materials used for the osteological analysis of osteoarthritis and rheumatoid arthritis, 

including historical background information on the different sites. A detailed 

explanation of the methodological techniques and methods of analysis employed for 

this research is also presented. Chapters five and six present the results of the 

osteoarthritis and rheumatoid arthritis research separately. Chapter seven provides an in-

depth discussion of the results for osteoarthritis and contextualises them in relation to 

clinical, palaeopathological, and historical information. Chapter eight discusses the 

results from the research on rheumatoid arthritis and presents a visual comparative 

study of skeletal lesions, the results of the application of the set of diagnostic criteria to 

published cases, and a re-assessment of the debate on the history of rheumatoid arthritis. 

Finally, in Chapter Nine the conclusions of this research project will be discussed and 

the aims and questions will be addressed.  

The thesis has been divided into two volumes. Volume I has chapters one through 

five and volume II contains chapters six through ten. A CD-Rom with the appendices 

has been provided at the end of volume II. 
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Chapter	  2. The	  Interpretation	  and	  Critical	  

Assessment	  of	  Previous	  Research	  on	  Osteoarthritis	  
This chapter is divided into three main sections. The first section examines the 

terminology, the difficulties related to defining the condition within both modern 

clinical and palaeopathological research and the risk factors. The second section focuses 

on the clinical research, with a critical assessment of identifying the early stages of the 

disease, the modern prevalence and suggestions regarding new approaches to the 

application of modern medical research to palaeopathology. The third section examines 

the, sometimes difficult, relationship between osteoarthritis and palaeopathological 

research. A brief history of the disease will be presented, followed by a critical analysis 

of using osteoarthritis as a method of determining occupation and activity. Then a 

review of population and joint-specific palaeopathology studies will follow. The 

introduction of the biomechanical approach and potential ways to take osteoarthritis 

research forward in palaeopathology will conclude the chapter. 

 

2.1. What	  is	  Osteoarthritis?	  

This section will explore the complex disease that is osteoarthritis. Firstly the 

terminology of the term will be explained, followed by an examination of the various 

modern medical definitions of the disease and the risk factors related to its 

multifactorial aetiology. The difference between idiopathic and secondary osteoarthritis 

will also be explained, followed by the radiographic definition of osteoarthritis within 

clinical research, and the osteological lesions in palaeopathology will be discussed. 

Finally a new classification of osteoarthritis in palaeopathology will be suggested. 

 

2.1.1. Defining	  Osteoarthritis:	  All	  Roads	  Lead	  to	  the	  Same	  

Definition?	  

 
2.1.1.i. Terminology	  

Osteoarthritis, osteoarthrosis, degenerative joint disease and arthrosis deformans 

are some of the many names used to describe this common condition, yet each term has 

problems and none have been universally accepted. For a long time osteoarthritis was a 

term used with caution, because the suffix (-osis or –itis) indicates an inflammation and 

in the past this was not considered a part of the disease process (Resnick and Kransdorf 
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2005, 357). Clinical research now accepts inflammation as a characteristic of the 

disease, thus the term osteoarthritis can cautiously be accepted (Dequeker and Luyten 

2008, 5; Flores and Hochberg 2003, 1; Mankin et al. 1986, 1132; Weiss and Jurmain 

2007, 437). Osteoarthritis is a term commonly used in the United States and the UK, 

while in the rest of Europe osteoarthrosis or arthrosis is more common (Jurmain 1999, 

12).  The term osteoarthritis will be used in this thesis. 

 

2.1.1.ii. Definition	  

Prior to 1986 there was no official clinical definition for osteoarthritis and it was 

simply known as an affliction of the articular cartilage and subchondral bone, of 

unknown aetiology, which also affected the synovial membrane (Flores and Hochberg 

2003, 1). In 1986 a clinical workshop focussed on the pathophysiology of osteoarthritis 

and sought to provide clarity with an “ultimate” definition: 

“Definition of OA (osteoarthrosis, degenerative joint disease): OA is a degenerative 

joint disease of the cartilage of joints. It is of diverse aetiology and obscure 

pathogenesis. Clinically, the disease is characterized by joint pain, tenderness, 

limitation of movement, crepitus, occasional effusion, and variable degrees of local 

inflammation, but without systemic effects. Pathologically, the disease is characterized 

by irregularly distributed loss of cartilage more frequent in areas of increased load, 

sclerosis of the subchondral bone, subchondral cysts, marginal osteophytes, increased 

metaphyseal blood flow, and variable synovial inflammation… . Biomechanically the 

disease is characterized by alteration of the tensile, compressive, and shear properties 

and hydraulic permeability of the cartilage; increased water; and excessive swelling. 

These cartilage changes are accompanied by increased stiffness of the subchondral 

bone. …. Therapeutically, the disease is characterized by a lack of a specific healing 

agent.” (Mankin et al. 1986, 1132) 

The 1986 definition shows that the exact cause and progression of the disease is 

unknown. It identified several clinical symptoms that can inform palaeopathologists on 

the symptoms with which a person living with osteoarthritis in the past might have been 

confronted. Caution must be employed here, as symptoms do not affect each person 

equally and bone changes do not always equate to pain (Loeser 2013, 109; Nelson and 

Jorden 2012, 1; Vincent and Troeberg 2013, 1171). The pathological description of the 

1986 definition incorporated some osteological changes that can also be observed by 

palaeopathologists such as: sclerosis of subchondral bone (radiography), subchondral 

cysts (radiography) and marginal osteophytes (macroscopic analysis). More importantly 
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the definition also recognised the fact that there is no healing, once the joint has been 

affected. 

The definition has evolved under the influence of advances in clinical research, 

which led to a more recent description stating that arthritis could be an amalgamation of 

conditions: 

“Osteoarthritis is a group of overlapping diseases, which may have different etiologies 

but with similar biologic, morphologic, and clinical outcomes. The disease processes 

not only affect the articular cartilage, but involve the entire joint, including the 

subchondral bone, ligaments, capsule, synovial membrane, and periarticular muscles. 

Ultimately, the articular cartilage degenerates with fibrillation, fissures, ulceration, 

and full thickness loss of the joint surface… OA diseases are a result of both 

mechanical and biologic events that destabilize the normal coupling of degradation and 

synthesis of articular cartilage chondrocytes and extra-cellular matrix, and 

subchondral bone. Although they may be initiated by multiple factors, including genetic, 

developmental, metabolic, and traumatic, OA diseases involve all the tissues of the 

diarthrodial joint. Ultimately, OA diseases are manifested by morphologic, biochemical, 

molecular, and biomechanical changes of both cells and matrix which lead to a 

softening, fibrillation, ulceration, loss of articular cartilage, sclerosis and eburnation of 

subchondral bone, osteophytes, and subchondral cysts. When clinically evident, OA 

diseases are characterized by joint pain, tenderness, limitation of movement, crepitus, 

occasional effusion ad variable degrees of inflammation without systemic effects.” 

(Flores and Hochberg 2003, 1)  

This definition recognised the disease as a group of different conditions with 

variable causes, but similar outcomes, which can explain the difference in risk factors 

between the joints or the distinction between generalized osteoarthritis (GOA), 

idiopathic and secondary osteoarthritis. An important point was that the disease process 

affected the joint and its surrounding tissues as a whole, and was thus not solely related 

to cartilage degeneration. The cause was still unknown, but the importance of intrinsic 

factors such as genetics, development and metabolic influences was recognised. 

Extrinsic factors like trauma were now also included in the causation process. 

Osteological degeneration like sclerosis, eburnation, osteophytes and subchondral cysts 

were noted as important expressions of the disease on the bone. The similarities within 

these clinical definitions were summarised by O’Reilly and Doherty (2003, 197) and 

have been transcribed in Table 2.1.  
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Symptoms	   Signs	  
-‐	  Pain	  
-‐	  Stiffness	  
-‐	  Alteration	  in	  shape	  
-‐	  Functional	  impairment	  
-‐	  Anxiety,	  depression	  

-‐	  Crepitus	  
-‐	  Restricted	  movement	  
-‐	  Tenderness	  (joint	  line,	  periarticular)	  
-‐	  Bony	  swelling	  
-‐	  Deformity	  
-‐	  Muscle	  wasting/weakness	  
-‐	  Effusions,	  increased	  warmth	  
-‐	  Instability	  

Table	  2.1	  Summary	  of	  the	  clinical	  symptoms	  and	  signs	  of	  osteoarthritis	  (O'Reilly	  and	  Doherty	  2003,	  
p.197).	  
 

Current clinical research defines osteoarthritis as a progressive disorder that 

affects the whole joint (cartilage, subchondral bone, ligaments, and other surrounding 

structures) and it is the result of failed attempts, by the joint, at repairing itself, usually 

following abnormal intra-articular stresses. As of 2014 the treatment of osteoarthritis 

has improved but there is still no approved way of halting the structural damage caused 

by the disease and its cause is still unknown (Hochberg 2013, 139; Johnson and Hunter 

2014, 6). 

 
2.1.1.iii. Risk	  Factors	  of	  Osteoarthritis	  

The aetiology of osteoarthritis is multifactorial and clinical research has been 

able to identify both intrinsic and extrinsic risk factors that can predispose an individual 

to developing the disease. These risk factors tend to be variable, joint-specific and are 

the result of a complex interaction between biomechanical, cellular and biochemical 

factors that eventually result in osteoarthritis (Arden and Cooper 2006, 2; Nevitt 2006, 

26; Johnson and Hunter 2014, 6; Roach and Tilley 2007, 1-2). Identified risk factors are 

sex, age, genetics, obesity, diet, occupation or physical activity, injury, muscle strength, 

and malalignment (Johnson and Hunter 2014). Palaeopathologists have tended to adopt 

a ‘one-size-fits-all’ approach to interpreting the patterns and prevalence of joint disease 

in the past, irrespective of joint type, but the clinical literature suggests that this is 

simply not appropriate (Felson 1994, 63; Felson and Chaisson 1997, 671; Johnson and 

Hunter 2014, 6).  

There are several theories on how risk factors predispose joints to the 

development of the disease and in the following paragraph two of these theories are 

discussed.  Figure 2.1 presents an overview of the way in which the systemic factors 

first increase the susceptibility of a joint to osteoarthritis, which is then followed by 

local/mechanical influences that determine the site where osteoarthritis will occur and 

how severe the disease will be (Nevitt 2006, 26), but this is not the only suggestion for a 
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risk factor classification. Johnson and Hunter (2014, 7) presented a modified and 

nuanced scheme (Figure 2.2). The mechanical, or modifiable local risk factors influence 

a joint’s susceptibility to degeneration, whereas the systemic factors, divided into 

modifiable and non-modifiable factors, predispose specific individuals to degeneration 

and it is the combination of joint susceptibility and individual predisposition that 

eventually lead to osteoarthritis (Figure 2.2). In palaeopathology it is impossible to 

control for all of these factors when examining causation of disease, as there is not one 

factor that predisposes to osteoarthritis, but rather a combination of factors.  

 

 
	  Figure	  2.1	  Figure	  adapted	  from	  Nevitt	  (2006,	  26)	  presenting	  a	  conceptual	  model	  for	  the	  pathogenesis	  
of	  osteoarthritis.	  (Added	  by	  the	  author:	  ethnicity	  and	  nutrition).	  
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Figure	  2.2	  Figure	  adapted	  from	  Johnson	  and	  Hunter	  (2014,	  7)	  presenting	  the	  potential	  risk	  factors	  
predisposing	  for	  osteoarthritis.	  
 
 

2.1.1.iv. Idiopathic	  or	  Secondary	  Osteoarthritis	  

Once the disease has been defined, there is then the problem of classification. In 

clinical examination the initial differentiation is made between the idiopathic and 

secondary variants of the disease. Idiopathic usually signifies that there is no clear cause 

for the disease to occur and it can manifest itself as localized (one joint) or generalised 

(three or more joints affected, usually including the hand) (Flores and Hochberg 2003, 

1). Further differentiation within the idiopathic type of osteoarthritis is related to 

specific joints, such as the knee, hip, hands, glenohumeral joint, etc. It is interesting to 

observe that within this idiopathic type of osteoarthritis, the disease is considered a 

different pathological entity at each joint site and this should be stressed and applied 

more within palaeopathological research (Altman and Lozado 2007, 1703; Flores and 

Hochberg 2003, 2; McGonagle et al. 2010, 279).  

In both clinical and palaeopathological research it has been suggested that there 

is no such thing as primary osteoarthritis, because many cases are proven to be caused 

by mechanical factors and should thus be classified as secondary (Jurmain 1999, 18; 

Resnick and Kransdorf 2005, 357). More recent classification attempts suggest that 

primary osteoarthritis should be subdivided into three different subsets: genetic, 

oestrogen hormone dependent and age-related subsets (Herrero-Beaumont et al. 2009, 
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71). Unfortunately the latter division is not applicable to palaeopathology, but an 

alternative will be suggested in section 2.1.4.  

Generalised osteoarthritis (or GOA) is a type of primary arthritis where at least 

three or more joint sites are involved, including the hands, where Heberden’s and/or 

Bouchard’s nodes are formed (Kellgren and Moore 1952, 187; Figure 2.3). These nodes 

are formed by osteophytes and swelling of the joint capsule, Heberden’s nodes occur at 

the distal interphalangeal joints and Bouchard’s nodes occur at the proximal 

interphalangeal joints in the hands (O’Reilly and Doherty 2003, 216; Melvin 2003, 326). 

GOA is difficult to define, as, even in 2014, there is no standard definition (Abhishek 

and Doherty 2013, 1176). Nelson et al. (2014, 4) argue that until there is a standardised 

definition a different term should be used, such as multiple joint or polyarticular 

osteoarthritis, and an exact statement must be made concerning which joints are 

examined in generalised osteoarthritis. 

 

 
Figure	  2.3	  Image	  of	  Heberden’s	  nodes	  at	  the	  distal	  interphalangeal	  joints	  and	  Bouchard’s	  nodes	  at	  the	  
proximal	  interphalangeal	  joints.	  Image	  from	  commons.wikimedia.org,	  attributed	  to:	  "Heberden-‐
Arthrose"	  by	  Drahreg01	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  
http://commons.wikimedia.org/wiki/File:Heberden-‐Arthrose.JPG#/media/File:Heberden-‐
Arthrose.JPG	  (Consulted:	  18/04/2015).	  
 

Secondary osteoarthritis occurs when there is an apparent underlying cause for 

disease. Causes can include trauma, congenital, metabolic, endocrine, calcium 

deposition and other bone and joint diseases (Abhishek and Doherty 2013, 1182; Flores 

and Hochberg 2003, 1; Resnick and Kransdorf 2005, 357). It is possible to question 

whether the clinical classification of secondary osteoarthritis can be applied accurately 

within palaeopathology. Obvious trauma to the bones can be discerned easily, but 

congenital defects can be obscured by the osteoarthritis itself. Metabolic disease could 

have been present but not have left visible marks on the bones. It is difficult to 
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determine with any certainty which secondary factor influenced the osteoarthritis 

development. 

 
2.1.2. From	  a	  Physician’s	  Perspective:	  The	  Radiographic	  Features	  

of	  Osteoarthritis	  

The radiographic changes can contribute to the understanding and identification 

of osteoarthritis within palaeopathology, and a selective use of these criteria has been 

applied in the past (Mays 2012, 287). Kellgren and Lawrence (1957) published a guide 

illustrating the grading system for assessing radiographic severity of osteoarthritis. A 

revision was published by Altman and Gold (2007) that provided a template for grading 

osteoarthritis changes using radiography which can be used to examine the osteological 

changes that occur in different joints. However, caution must be employed when using 

radiographic changes to determine osteoarthritis. A study by Rogers et al. (1990, 367-8) 

comparing radiographic and visual scoring of knee joints indicated that macroscopic 

examination of the bones identified more changes than were observed on radiographs. 

The main osteological features on radiographs are: eburnation, subchondral cysts, 

osteophytes, joint space narrowing, buttressing, intra-articular osseous bodies, 

deformity and malalignment (Table 2.2; Flores and Hochberg 2003, 3-5; Figure 2.4; 

Figure 2.5).  

 

Resnick	  and	  Kransdorf	  (2005:	  
table	  29-‐3:	  360)	  

Flores	  and	  Hochberg	  (2003,	  
3-‐5)	  

-‐	  Localized	  loss	  of	  Joint	  space	  
-‐	  Bony	  eburnation	  
-‐	  Subchondral	  cysts	  
-‐	  Osteophytes	  
-‐	  Bony	  collapse	  
-‐	  Intra-‐articular	  osseous	  bodies	  
-‐	  Deformity	  and	  malalignment	  

-‐	  Marginal	  osteophytes	  
-‐	  Joint-‐space	  narrowing	  
-‐	  Subchondral	  sclerosis	  
-‐	  Subchondral	  Erosions	  
-‐	  Malalignment	  
-‐	  Subluxation	  
-‐	  Attrition	  
-‐	  Buttressing	  

Table	  2.2	  Overview	  of	  osteoarthritic	  changes	  observed	  on	  radiographs.	  
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Figure	  2.4	  Radiograph	  of	  glenohumeral	  osteoarthritis;	  osteophytes	  (black	  arrow)	  on	  the	  inferior	  rim	  of	  
the	  head	  of	  the	  humerus	  and	  glenoid	  fossa;	  sclerosis	  (white	  arrow)	  on	  the	  glenoid	  fossa.	  Image	  from	  
commons.wikimedia.org,	  attributed	  to:	  "ShoulderOsteoarthritis"	  by	  Jmarchn	  -‐	  Own	  work.	  Licensed	  
under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  
http://commons.wikimedia.org/wiki/File:ShoulderOsteoarthritis.png#/media/File:ShoulderOsteoarth
ritis.png.	  (Consulted:	  18/04/2015).	  
 

 
Figure	  2.5	  Radiograph	  of	  radiocarpal	  and	  1st	  carpometacarpal	  osteoarthritis.	  The	  white	  arrows	  
indicate	  sclerosis,	  joint	  space	  narrowing,	  and	  osteophytes.	  Image	  from	  commons.wikimedia.org,	  
attributed	  to:	  "Osteo	  of	  the	  hand"	  by	  James	  Heilman,	  MD	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  3.0	  
via	  Wikimedia	  Commons	  -‐	  
http://commons.wikimedia.org/wiki/File:Osteo_of_the_hand.jpg#/media/File:Osteo_of_the_hand.jp
g	  (Consulted:	  18/04/2015)	  
 

With the advancements of imaging techniques, the definition of osteoarthritis 

has also evolved. Magnetic Resonance Imaging (MRI) is known to provide an accurate 

representation of the bones and can inform both clinicians and palaeopathologists 
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regarding modern disease expression (Figure 2.6; Hunter et al. 2011, 963; Young and 

Lemaire 2012, 2). When using MRI as an examination method, earlier stages of the 

disease can be detected in order to help patients before irrevocable damage to the joints 

is done. However more research is needed to come to a consensus on the use of MRI in 

defining osteoarthritis. 

 

 
Figure	  2.6	  MRI	  of	  knee	  osteoarthritis.	  The	  black	  arrow	  indicates	  osteophytes,	  joint	  space	  narrowing	  
and	  sclerosis.	  Image	  from	  commons.wikimedia.org,	  attributed	  to:	  "Gonarthrose-‐Knorpelaufbrauch".	  
Licensed	  under	  CC	  BY-‐SA	  3.0	  via	  Wikimedia	  Commons	  -‐	  
http://commons.wikimedia.org/wiki/File:Gonarthrose-‐
Knorpelaufbrauch.jpg#/media/File:Gonarthrose-‐Knorpelaufbrauch.jpg	  (Consulted:	  18/04/2015).	  
 

 
2.1.3. Looking	  at	  the	  Bone:	  Palaeopathological	  Features	  of	  

Osteoarthritis	  

Due to the absence of soft tissue and clinical symptoms, osteoarthritis must be 

interpreted differently by palaeopathologists (Ortner 2003, 545). The most common 

operational diagnosis for osteoarthritis research in archaeological contexts was provided 

by Rogers and Waldron (1995, 43-4) and Jurmain (1999, 35); however, different 

authors have employed different definitions (Table 2.3). The most commonly described 

changes include eburnation, osteophytes, porosity and joint contour change (Figure 2.7). 

Roberts and Manchester (2005, 135) stressed the importance of providing a thorough 



 45 

description of the features and recording system used, as well as documenting lesions 

using photography. Aufderheide and Rodríguez-Martín (1998, 94) commented on the 

lack of standardisation within palaeopathology on the features that indicate the presence 

of osteoarthritis.  

 

Rogers	  and	  Waldron	  (1995,	  
43-‐4)	  &	  Waldron	  (2009,	  34)	  

Jurmain	  
(1999,	  35)	  

Ortner	  (2003,	  
545-‐6)	  

Mann	  and	  Hunt	  
(2005,	  19)	  

-‐	  Eburnation	  
	  
Or	  two	  of	  the	  following:	  
-‐	  Porosity	  
-‐	  Marginal	  Osteophytes	  
-‐	  Central	  Osteophytes	  
-‐	  Joint	  Contour	  Change	  

-‐	  Eburnation	  

-‐	  Eburnation	  
-‐	  Sclerosis	  
-‐	  Osteophytes	  
-‐	  Porosity	  
-‐	  Lytic	  cavities	  
-‐	  Joint	  contour	  
change	  

-‐	  Eburnation	  
-‐	  Osteophytes	  
-‐	  Surface	  pitting	  
-‐	  Alteration	  of	  
bone	  contour	  
-‐	  Subchondral	  
cysts	  
-‐	  Sclerosis	  

Table	  2.3	  Osteological	  features	  of	  osteoarthritis	  in	  palaeopathology. 
 

 
Figure	   2.7	   A.	   Head	   of	   the	   right	   femur,	   arrow	   indicates	   eburnation;	   B.	   Right	   distal	   humerus;	   arrow	  
indicates	  large	  central	  osteophyte	  in	  the	  olecranon	  fossa;	  C.	  Head	  of	  the	  right	  ulna,	  example	  of	  joint	  
contour	   change;	   D.	   Head	   of	   the	   left	   femur,	   white	   arrow	   indicates	  marginal	   osteophytes	   and	   black	  
arrow	  indicates	  porosity	  (Photographs	  by	  D.	  Craps).	  
 

 

The pathognomonic pathological lesion of osteoarthritis is eburnation. If 

radiographic analysis is possible during research, then subchondral sclerosis and cysts 



 46 

are also important differentiating features based on clinical research. Unfortunately 

there is no consensus on how to classify the other features (osteophytes, porosity and 

joint contour change) within the palaeopathological identification of the disease.  This 

research project will employ a classification in which it uses both the Jurmain (1999) 

and the Rogers and Waldron (1995) classifications. Osteoarthritis will be assessed 

through the presence of eburnation, but when eburnation is absent the presence of two 

features (osteophytes, porosity or joint contour change) will lead to the joint being 

classified as having degenerative joint changes. In the materials and methods (Chapter 

4) this division used to identify the disease will be explained in detail. 

 

2.1.4. A	  New	  Approach	  to	  Primary	  and	  Secondary	  Osteoarthritis	  

Is it really possible for palaeopathologists to make the distinction between 

primary and secondary osteoarthritis? McGonagle et al. (2010, 288) stated that 

idiopathic osteoarthritis could be ascribed to damage in the ligaments or menisci, thus 

no longer making it idiopathic osteoarthritis. If there is a soft tissue condition affecting 

the joint, then it is not always possible to identify that on the dry bone. As was stated 

above, even modern clinical studies are not sure whether there is such a thing as 

idiopathic or primary osteoarthritis (Arden and Cooper 2006, 5; Lajeunesse and Reboul 

2007, 24). Additionally, the fact that osteoarthritis radiographically can be present 

without being symptomatic, makes the classification of idiopathic or secondary 

osteoarthritis even more challenging (Roemer et al. 2006, 52). 

Primary and secondary osteoarthritis can be difficult to discern in for example 

the shoulder joint. Rotator cuff tears in the shoulder can lead to osteoarthritis in both the 

acromioclavicular and glenohumeral joints, but if the rotator cuff tears did not leave any 

extra-articular osteological signs, then the presence of osteoarthritis in either the 

acromioclavicular or the glenohumeral joint would be interpreted as primary 

(Cushnaghan and Dieppe 1991, 12; Dieppe 1994, 7.2.4.; Nakagawa et al. 1999, 583; 

O'Reilly and Doherty 2003, 205; Buttaci et al. 2004, 793).  

In palaeopathology it is possible to determine whether a fracture or permanent 

dislocation of the bone has occurred, but damage to the muscles and surrounding tissues 

is problematic to infer, adding to the difficulties in making a classification between 

primary and secondary osteoarthritis.  

 Another joint where the division between primary and secondary osteoarthritis 

in palaeopathology is difficult to make is the elbow. Osteoarthritis of the elbow is 

considered uncommon when there is no previous trauma or disease that affects the joint 
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and it occurs in less than 2% of the modern population (Dieppe 1994, 7.4.10; Doherty 

and Preston 1989, 743; Kozak et al. 1998 ; O'Reilly and Doherty 2003, 204-205; 

Resnick and Kransdorf 2005, 373; Stanley 1994, 388). However trauma can also occur 

at the soft tissues and thus be invisible for palaeopathologists, leaving only the 

osteological markers that are interpreted as primary osteoarthritis. This could be a 

reason why Debono (2004, 397) suggested that there was a high prevalence of elbow 

osteoarthritis in archaeological populations compared to modern populations.  

Based on the previous examples, a new theory is presented here. In palaeopathology 

it is not possible to use the simple distinction between primary and secondary 

osteoarthritis, but a more nuanced division when classifying osteoarthritis in 

palaeopathology should be employed:   

- Degenerative joint changes: The presence of two of the following features, marginal 

osteophytes, central osteophytes, macro-porosity, micro-porosity or joint contour 

change, indicates that the joint has been subjected to stress, yet cartilage has not 

completely worn away thus it cannot be classified as osteoarthritis due to the absence of 

eburnation. 

- Non-specific osteoarthritis: signifies the cases where there is no evidence of trauma 

and no other joints are affected.  

- Trauma-induced osteoarthritis: a case of osteoarthritis where there is an observable 

fracture or trauma on the bone or when a radiograph has indicated underlying trauma.   

- Generalised osteoarthritis: osteoarthritis affects three or more joints in the body, one 

of which is the hand. 

 

This proposal does not exclude the existence of primary osteoarthritis, but it does 

call into question the possibility of diagnosing it in palaeopathology. Even in clinical 

studies a new division is advocated (Herrero-Beaumont et al. 2009, 71; McGonagle et al. 

2010, 288), but the level of detail provided by clinical research cannot be achieved in 

palaeopathology, however the new categories suggested above, will allow for a better 

understanding of the disease in the past.  

 

2.2. Clinical	  Research	  into	  Osteoarthritis	  

There is a considerable amount of research concerning joint disease because it is 

so common (Brower and Flemming 2012, 243; Flores and Hochberg 2003, 1; Hutton 

1989, 1463 ; Li et al. 2013, 1; Mandl 2007, 1; Ortner 2003, 545; Resnick and Kransdorf 

2005, 357). There are a multitude of clinical journals dedicated to joint diseases such as: 
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Osteoarthritis and Cartilage, Arthritis and Rheumatism, Joint Bone Spine, to name but 

a few. There are also many journals that focus on specific joints (The Journal of 

Shoulder and Elbow Surgery; The Journal of Hand Surgery; …), and the condition is 

covered in general clinical research journals (The New England Journal of Medicine; 

British Medical Journal; …) as well as in journals that deal with specific clinical 

techniques or specialties (Journal of Clinical Imaging; Clinical Orthopaedics and 

Related Research; Clinical Sports Medicine; …). It is thus not an understatement to say 

that a lot of clinical information is available for osteoarthritis. The literature review 

presented here is by no means an all-encompassing overview, which would be far 

beyond the scope of this research. What will be presented here is a review of the clinical 

research that is particularly pertinent to the palaeopathological context and the specific 

joints analysed here. The focus will also lie on the general aetiology, the clinical 

manifestations and the progression of the disease, rather than the occupational/activity-

related features. 

First an overview of clinical research on the early stages of osteoarthritis will be 

presented. Clinical research is key in helping to identify these early changes and this 

information can assist in the interpretation of the osteological lesions that can be 

observed in archaeological skeletal remains. A discussion of the prevalence of 

osteoarthritis in modern populations will follow. This section will focus on prevalence 

rates based on radiography, rather than incidence rates, and examine both general and 

joint specific studies (Dieppe and Kirwan 1994, 201; Hunter and Felson 2006, 639; 

Pereira et al. 2011, 1272). The spine has been excluded from this research project due to 

time constraints. The joints examined in this research project are those most commonly 

affected, such as the hip, knee, wrist/hand, shoulder, elbow, ankle/foot and 

temporomandibular joint. The last section of the clinical overview will be used to 

highlight the specific information that is relevant for the interpretation of osteoarthritis 

in palaeopathology. This review has implications for the palaeopathological 

interpretation of this frequently encountered condition and the chapter will close with 

suggestions for a new way of recording and interpreting osteoarthritis in 

palaeopathology.  

 
2.2.1. Clinical	  Research	  into	  the	  Early	  Stages	  of	  Osteoarthritis	  
Clinical research is still trying to demystify osteoarthritis and one of the subjects 

of key importance is creating an understanding of the early stages. If these early 

changes can be identified, then it might be easier to prevent the disease from 
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progressing. Additionally, people with early radiographic changes have a higher chance 

of developing symptomatic problems in the future (Felson and Nevitt 2004, 785-6; 

Pereira et al. 2011; 1271). The clinical research available on the early stages of 

osteoarthritis can also assist palaeopathology in recognising other pathological features 

that can indicate the presence of the disease, as eburnation is considered to be part of the 

advanced stages of osteoarthritis (Rogers and Waldron 1995, 44; Jurmain 1999, 30; 

Ortner 2003, 35; Waldron 2009, 34). 

The early stages of development of the disease are not well understood because 

they usually develop before a patient consults a physician. It may be that a variety of 

initial processes lead to the common outcome of osteoarthritis. Research has indicated 

that the processes affecting the subchondral plate (the bone lying beneath the cartilage) 

and the trabecular bone (spongy bone, within the bone) are separate entities and, while 

both structures can show different reactions to the same process, the outcome is similar 

(Burr and Gallant 2012, 666; Mastbergen and Lafeber 2011, 2561; McGonagle et al. 

2010 288; Nakagawa et al. 1999, 580; Zamli 2014, 1). According to Tiderius (2009, 

1534), once macroscopic changes in the cartilage and subchondral bone of the joint are 

present, the pathologic processes will continue despite reparative attempts made by the 

body.  

One of the main characteristics in radiographs of skeletal elements with 

osteoarthritis is a thickening of the subchondral bone (higher bone density). Research on 

animals, where the disease process can be monitored early on, suggests a biphasic 

response theory for the subchondral bone. It has shown that the subchondral plate first 

becomes thinner and later thickens, as a reparative response of the bone (Burr and 

Gallant 2012, 666; Mastbergen and Lafeber 2011, 2561). Clinical research has also 

found that this change is abnormal and not related to the ageing process (Carrabba and 

Sarzi-Puttini 2005, 1; Grynpas et al. 1991, 23; McGonagle et al. 2010, 284-5; Zamli 

2014, 8). This theory is strengthened by the fact that an inconsistent thickness of the 

subchondral bone will cause the overlying cartilage to deform, thus stretching the 

cartilage and potentially causing the initial changes in joint degeneration. The exact 

relationship between cartilaginous and subchondral bone changes is still not well 

understood, but recent research has indicated that cartilage and bone influence each 

other (Felson and Neogi 2004, 342; Lories and Luyten 2011, 43; Martel-Pelletier et al. 

2007, 15; Vincent and Troeberg 2013, 1166; Zamli 2014, 8). Lastly, subchondral 

sclerosis does not automatically equate to eburnation. Once the subchondral bone has 

thickened and the joint continues to be used, wearing away the remaining cartilage, then 
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the characteristic eburnation will occur (Rogers and Waldron 1995, 44; Ortner 2003, 35; 

Waldron 2009, 34). Thus eburnation is a late stage of osteoarthritis, whereas 

subchondral thickening could be the stage leading up to eburnation. An 

osteological/radiographic study into the thickening of subchondral bone and the related 

macroscopic changes would be an interesting project and help advance knowledge on 

the stages of osteoarthritis. 

As was stated above, clinical studies have shown that the subchondral plate 

tends to become thinner before thickening as osteoarthritis progresses (Burr and Gallant 

2012, 666; Mastbergen and Lafeber 2011, 2561). An interesting feature noted by 

Mastbergen and Lafeber (2011, 2562) is a potential connection between porosity and 

subchondral plate thinning as an early reparative process in the disease: “… the 

subchondral plate had become so thin that perforations started to appear, forming 

connecting tunnels between the subchondral trabecular bone/ bone marrow and the 

articular cartilage.” (in: Mastbergen and Lafeber 2011, p.2562). Porosity is a debated 

subject in palaeopathological research, with no clear definitions or a consensus on 

whether it should be included as a feature in osteoarthritis (Rogers and Waldron 1995, 

44; Rothschild 1997, 529; Jurmain 1999, 32-33). An increase in vascularity in the 

subchondral plate causes increased plate porosity, a phenomenon also described by 

McGonagle et al. (2010, 285), and is identified by Mastbergen and Lafeber (2011, 

2562) as an early feature in the disease. Other studies conducted on animals and humans 

have also indicated that the presence of porosity is an early disease process (Bolbos et al. 

2008, 1150; Botter et al. 2011, 2698; Burr 2003, 126-127 ; Pritzker 2003, 54-5; 

Mastbergen and Lafeber 2011, 2562; Wollheim and Stefan Lohmander 2007a, 111; 

Wollheim and Stefan Lohmander 2007b, 1713). While clinical studies on porosity are 

still in the early stages and there are problems with applying animal data to humans, 

porosity is still a feature of the disease that should beexamined carefully and more 

research is necessary. Potential limitations found in studies by Mastbergen and Lafeber 

(2011, 2562), which states that perforation of the subchondral plate is variable and often 

disappears when the subchondral bone thickens and, a study by Rothschild (1997, 532) 

states that there was no significant correlation between porosity and osteoarthritis in 

skeletal remains from the Hamann-Todd osteological collection, a documented 

collection from the late Nineteenth to the early Twentieth century. The criteria used for 

his study were porosity, osteophytes and subchondral bone thickening (sclerosis). 

Further research can be conducted though; for example, by taking radiographs of joints 

with porosity, the subchondral bone could be measured and compared to measurements 
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from normal joint surfaces. In this research project porosity is included as a marker for 

disease, but only if it appears in combination with another pathological lesion that 

indicates joint degeneration, marginal or central osteophytes or joint contour change. 

Other research has indicated that osteophytes could also represent an early stage 

of osteoarthritis (Nakagawa et al. 1999, 580). There are two difficulties with the latter 

statement, firstly that radiography is performed when the patient presents with 

symptomatic disease. Thid does not always correspond to radiographic disease. 

Secondly, radiographs are proven to be insensitive in showing osteophytes (Rogers et al. 

1990, 367-368) The sensitivity of MRI for detecting osteophytes has been questioned 

by several studies, one of them showing a 75% agreement score for patellar and tibial 

osteophytes, which is low for MRI, problems can occur in MRI analysis due to the 

orientation of the imaging planes, which can lead to false diagnoses (de Abreu et al. 

2005, 277; Hunter et al. 2011, 999-1000).  

While there are four main radiographic characteristics of osteoarthritis: 

osteophytes, joint space narrowing, subchondral sclerosis, and subchondral cysts, Watt 

and Doherty (2003, 212) have referred to osteophytes as “the hallmark of OA”, and 

Altman and Lozado (2007, 1704) stated that “Osteophytes are the most consistent 

pathological and radiographic finding associated with pain.” In palaeopathology 

osteophytes are considered an age-related change that should not be used as an indicator 

of osteoarthritis (Jurmain 1999, 26-28). From the clinical literature it is clear that the 

presence of osteophytes is an indicator of a reparative attempt by the joint in response to 

stress (Felson and Neogi 2004, 341; Hunter and Eckstein 2009, 198; Menasche et al. 

2012, 13-4; Menkes and Lane 2004, S53; van der Kraan and van den Berg 2007, 237). 

Dismissing the utility of osteophytes in diagnosing osteoarthritis because they are age-

related seems odd when osteoarthritis is in essence an age-related condition, but ageing 

does not mean that osteoarthritis is inevitable (Felson et al. 2000, 636; Hunter and 

Eckstein 2009, 197-8; Hunter and Felson 2006, 639; Loeser 2013, 108-109; Shane 

Anderson and Loeser 2010, 15; Sinigaglia et al. 2005, 45; Tsurumoto et al. 2013, 1; 

Wollheim and Stefan Lohmander 2007b, 1711).  

The importance is to differentiate between true osteophytes relating to 

osteoarthritis and the normal age-related remodelling of a joint, which results in a 

squaring or rounding of articular edges (Watt and Doherty 2003, 213). Research should 

be undertaken to examine the difference between true and age-related osteophytes in 

skeletal remains through geometric morphometrics and a photographic atlas should be 

provided. As a guide, the radiographic atlases provided within the clinical literature for 
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osteoarthritis classification can be used to correlate the changes seen two-dimensionally 

and on the bone. However, when attempting this one must keep in mind the restrictions 

related to detecting osteophytes from radiographs when attempting this (Rogers et al. 

1990, 367-8). An example of such a study is that of Dalal et al. (2007, 358), which 

compared the presence of osteophytes in primary osteoarthritis with ageing in a modern 

clinical setting. They suggest that the only radiographic feature commonly seen in 

ageing at the elbows were osteophytes at the coronoid process as they occurred in both 

the osteoarthritis group and the control group. 

 
2.2.2. Prevalence	  in	  Clinical	  Settings	  

It is important to state that in this research, prevalence of osteoarthritis and not 

incidence is examined, despite the fact that both are forms of frequency measurement 

used in clinical research. Incidence rates cannot be used in palaeopathology since they 

measure the amount of new cases that are recorded in the total population at risk and 

these are variables that cannot be accessed in the archaeological record (Waldron 1994, 

43). 

At present it is not possible to compare clinical epidemiological studies with 

palaeopathological prevalence studies, due to the variable definitions (pathological 

osteoarthritis, radiographic osteoarthritis and symptomatic osteoarthritis) between the 

two fields and the problem with not knowing the representative nature of the excavated 

population sample (Hunter and Eckstein 2009, 198; Mandl 2007, 2-4; Nelson and 

Jordan 2012, 2; Pereira et al. 2011, 1270; Waldron 2007a, 10, 49-50). A symptomatic 

approach is out of the question, as palaeopathologists cannot assess the symptoms that 

an individual experienced. Radiographic prevalence may be used, but not all of the 

radiographic criteria can be observed because these are not visible macroscopically 

(Jordan 2007, 1691; Mandl 2007, 2). Once dry bone is radiographed however, then it is 

possible to add subchondral bone sclerosis and subchondral cysts to the features 

observed, but due to time constraints it is, unfortunately, not possible to radiograph 

entire skeletal collections and not everybody has access to radiography equipment.  

In clinical studies radiographs represent an objective way to explore the 

pathophysiological findings, but they tend to give higher prevalence rates than 

symptomatic arthritis because osteological changes do not always equal physical pain 

(Li et al. 2013, 2; Loeser 2013, 109; Pereira et al. 2011, 1271). As was stated before, 

Rogers et al. (2004, 452) indicated that skeletal studies are more likely to identify 

osteoarthritis than clinical studies, which would then also result in a higher prevalence 
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for the former. Mandl (2007, 1) further proves this by using the example of knee 

osteoarthritis; in this study 33% of individuals over the age of 63 had radiographic knee 

osteoarthritis, but only 9.5% of these were symptomatic. Another illustration is 

provided in radiographic hand osteoarthritis, which was present in approximately 50% 

of individuals in one study, although symptomatic in only 15% (Nelson and Jordan 

2012, 1). This indicates that osteologists must be careful when interpreting the results 

from their studies, comparing them to clinical research and inferring pain from skeletal 

remains.  

Some estimates state that 10% of the world’s population, who are over 60 years of 

age, have osteoarthritis related problems, whereas others increase this to 50%. 

Increasing life expectancy also means an increase in age-related diseases and by 2030 

approximately 20% of the US population will be over the age of 65 years (Li et al. 2013, 

1; Huffman and Kraus 2012, 603; Mandl 2007, 1; Pereira et al. 2011, 1270). The 

lifetime risk of contracting some degree of knee or hip osteoarthritis is estimated at 45% 

and 25%, respectively, in the UK (Culliford et al. 2012, 519; Murphy et al. 2008, 1207; 

Murphy et al. 2010, 1377). Prevalence is also variable according to risk factors such as 

sex, age, ethnicity and the joints under examination. For example, before the age of 50 

years men are more affected than women, whereas after the age of 50 women have a 

higher prevalence of osteoarthritis in the hand, knee and foot than men (Felson et al. 

2000, 636; Jones and Doherty 1995, 458; Jordan 2007, 1697; Mandl 2007, 2). 

There have been many studies that examine the prevalence of osteoarthritis but 

not all of them will be discussed here. The focus will lie on the radiographic prevalence 

rates that were published by Pereira et al. (2011) and Jordan (2007) (Table 2.4). With 

the exception of the hip, females tend to have a higher prevalence than men. The knee 

and hand joints exhibit high prevalence rates, whereas the hip has a low prevalence. No 

obvious patterns are apparent when dividing the prevalence rates by geographic region. 

While geography might not have shown obvious patterns, Jordan (2007, 1693-4) did 

find that, for example, hip osteoarthritis occurs more in Caucasians than in black 

Africans, Caribbean and Chinese individuals. Icelandic individuals are also more 

affected than their Scandinavian counterparts. Knee osteoarthritis is a common 

occurrence in pre-menopausal African American women and it is more common in 

Chinese women than in Caucasian women. Finally hand osteoarthritis is very common 

and occurs more in women than in men, but, it is not found often in Asian populations. 
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KNEE	   Female	   Male	   Crude	  Overall	  Prevalence	  
USA/Canada	   14.2	  -‐	  50.4	   23.7	  –	  31.6	   14.2	  –	  37.4	  
Europe	   9.9	  –	  29.1	   4.3	  –	  16.3	   6.5	  –	  63.8	  
Asia	   29.6	  –	  78.6	   10.3	  –	  57.8	   15.1	  –	  70.8	  
HIP	   Female	   Male	   Crude	  Overall	  Prevalence	  
USA	   2.8	   4.8	   3.6	  
Europe	   2	  –	  18.1	   1.7	  –	  27.3	   1.9	  –	  23	  
Asia	   0	  –	  3.5	   1.1	  –	  5.4	   1	  –	  13.1	  
HAND	   Female	   Male	   Crude	  Overall	  Prevalence	  
USA	   20.6	  –	  41.1	   41.8	   20.6	  -‐	  41.3	  
Europe	   48.1	  -‐	  67	   44.3	  –	  54.8	   46.5	  –	  61.4	  
Asia	   47	  –	  74.4	   44.5	   46	  –	  74.4	  

Table	  2.4	  Table	  of	  radiographic	  osteoarthritis	  prevalence	  rates	  from	  Pereira	  et	  al.	  (2011).	  For	  each	  
joint	  the	  prevalence	  range	  (%)	  is	  given.	  Where	  only	  one	  percentage	  is	  given	  there	  was	  only	  one	  study	  
in	  the	  article.	  
 

This summary of some prevalence statistics for osteoarthritis has indicated that 

the subject is by no means straightforward and that caution must be employed when 

attempting to compare prevalence between clinical studies. The general trends that are 

apparent from modern clinical studies can be utilized to compare with 

palaeopathological prevalence, but, a direct comparison will never be possible because 

of the different methods employed to estimate prevalence.  

 
2.2.3. A	  New	  Way	  of	  Thinking	  about	  Osteoarthritis	  in	  

Palaeopathology	  through	  Clinical	  Research	  

The following sections will focus on introducing the basis for a new approach 

towards osteoarthritis analysis in palaeopathology. Firstly, the essentials of a detailed 

recording method and the potential of joint compartmental analysis will be discussed for 

the hip joints and the knee joint in particular. Finally, the potential risk factors of 

transposing modern perceptions of pain onto the past will be highlighted. 

 
2.2.3.i. A	  Need	  to	  Compartmentalise	  and	  Record	  in	  Detail	  

2.2.3.i.a. The	  Hip	  

In clinical studies there are several methods used to classify hip osteoarthritis: 

primary or secondary, bilateral/unilateral, distribution of osteoarthritis within the joint, 

and radiographically, whereas in palaeopathology this level of detail is not applied 

(Altman et al. 1991, 512-513; O'Reilly and Doherty 2003, 205-206). Clinical studies 

generally assess the deviation of the femoral head from within the acetabulum, as 

superior, axial or medial deviation, assessed by an anteroposterior radiograph. It is not 

common to take a mediolateral radiograph and determine whether the deviation is 
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anterior or posterior (Altman et al. 1991, 512; Dougados et al. 1996, 357; O'Reilly and 

Doherty 2003 206; Resnick and Kransdorf 2005, 377-379;).  

Clinical studies have been able to distinguish patterns in hip osteoarthritis that 

affect the sexes differently. In women unilateral superolateral deviation of the head of 

the femur is most common, whereas in men bilateral superomedial deviation of the head 

is more common (O’Reilly and Doherty 2003, 206; Resnick and Kransdorf 2005, 377-

378). However, clinical studies cannot seem to agree upon this pattern, as the opposite 

pattern from that reported above has also been published (Abhishek and Doherty 2013, 

1180; Ledingham et al. 1992, 1111). Medial femoral head deviation is relatively 

uncommon, but, when it does occur, it happens usually bilaterally in women. All of 

these studies show a differential sex distribution of superior and medial deviation in hip 

osteoarthritis. Axial migration is infrequent and occurs more often in rheumatoid 

arthritis, but in the absence of erosions, osteoporosis and acetabular protrusion, a 

diagnosis of osteoarthritis is possible (Altman et al. 1991, 505; Resnick and Kransdorf 

2005, 379; O'Reilly and Doherty 2003, 206).  

In palaeopathological studies this level of detail has never been applied. In the 

future it would be interesting to apply geometric morphometric imaging techniques to 

objectively analyse the location of degenerative changes in the hip, which can 

potentially assist in analysing the deviation of the head and test whether the patterns 

described above can be observed in past populations. The studies described here are 

particularly pertinent for this research because they appear to indicate that sex could be 

a risk factor for the type of hip osteoarthritis, i.e. femoral head deviation, which an 

individual develops. While this research project did not detail where exactly 

pathological changes occurred on the femoral head, it did analyse unilateral or bilateral 

degeneration according to sex, and thus provides an in-depth analysis.  

 

2.2.3.i.b. The	  Knee 

In clinical research the knee is commonly divided into three compartments, 

medial tibiofemoral, lateral tibiofemoral and patellofemoral, each of which can be 

affected by osteoarthritis. A fourth compartment is sometimes included (the proximal 

tibiofibular joint); however, this is not a synovial joint and will not be included here. 

Women are more likely to have knee osteoarthritis than men, and other risk factors 

include age and obesity (Blagojevic et al. 2010, 24; Carrillon 2008, 3; Nevitt 2006, 27; 

Zhang 2010, 1). Pathological abnormalities tend to occur more often in the medial 

tibiofemoral compartment of the knee, but the lateral compartment can also be affected 
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because of ligament damage. However, symmetrical damage in both knees and both 

compartments could indicate the presence of rheumatoid arthritis or calcium 

pyrophosphate dehydrate crystal deposition disease (Felson 2006, 841-842; O'Reilly 

and Doherty 2003, 206; Resnick and Kransdorf 2005, 384; Waldron 1995, 388). 

Another important argument for dividing the knee into compartments for recording 

osteoarthritis is provided by the fact that there appears to be no relationship between 

medial tibiofemoral osteoarthritis and morphological changes in the medial meniscus. 

However, in late stage lateral tibiofemoral osteoarthritis the lateral meniscus is usually 

affected, thus suggesting a differential biomechanical influence on each compartment 

(Jung et al. 2010, 1325; Hwang et al. 2012, 110).  

The compartmental division of the knee joint in clinical studies does not mean 

that diagnosis and treatment becomes more effective. Out of the three compartments 

that make up the knee joint, the patellofemoral joint has not received much attention, 

even though it is said to account for approximately 65% of symptomatic knee 

osteoarthritis cases. This is potentially due to the difficulties in imaging this particular 

joint or the fact that it lies within a muscle tendon and pain tends to be localised (Dejour 

et al. 2008, 15; Crossley and Hinman 2011, 765; Farrokhi et al. 2011, 287). There is, as 

of yet, no clinical consensus for the diagnosis of patellofemoral osteoarthritis and often 

the criteria for diagnosing tibiofemoral osteoarthritis, which are not appropriate for the 

patellofemoral joint, are used for radiographical analysis of the latter joint. This is 

where detailed palaeopathological examinations can prove useful. The opportunity to 

view a joint stripped from any of the soft tissues and be able to examine it three-

dimensionally provides new insight in the understanding of joint degeneration and 

structure.  

Bone structure also accounts for changes in other compartments in the knee. 

Clinical studies have indicated that in the medial tibiofemoral compartment, a larger 

tibial plateau can be associated with severe cartilage damage and potentially severe 

osteoarthritis (Creaby et al. 2010, 1380). A clinical/palaeopathological study on the 

distal femora of an archaeological population showed interesting results with regards to 

the shape of the distal femur in relation to eburnation. The study found that eburnated 

distal femora have a different shape to the non-eburnated group, especially in the shape 

of the medial condyle and the patellar groove (Shepstone et al. 1999, 77).    
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2.2.3.ii. The	  Bioarchaeology	  of	  Pain	  

The problems of relating clinical prevalence to palaeopathological prevalence have 

been discussed above. An interesting fact from that discussion is that 

skeletal/radiographical osteoarthritis rates are usually higher than symptomatic 

prevalence, thus suggesting that osteological changes observed in skeletal collections do 

not necessarily mean that the individual experienced pain (Pereira et al. 2011; Rogers et 

al. 2004 ; Soila 1960). According to clinical research approximately 15% of people with 

radiographic osteoarthritis actually have symptoms (Felson et al. 2000; Lawrence et al. 

1966 ; Watson Buchanan and Kean 2002). An example can be found in knee 

osteoarthritis; for symptomatic disease, pain tends to be the most common feature, yet 

radiographic changes can also be present without any symptoms. Another complication 

in the interpretation of symptoms from osteological changes lies in the fact that cartilage 

is aneural and does not tend to be the source of pain; rather the soft tissues surrounding 

the joints are the source. The relationship between radiographic evidence and symptoms 

is the strongest in the hip joint and is relatively weak in the elbow joint (Farrokhi et al. 

2011; Soila 1960 ; O'Reilly and Doherty 2003).  

A limitation in modern clinical studies using the symptomatic approach is the 

unknown number of people who do not visit a physician when experiencing pain; thus 

an exact estimate of symptomatic prevalence cannot be given. The latter also affects 

radiographic prevalence rates because a radiograph is usually only taken when 

symptoms have required the patient to visit the doctor.  

 While the symptoms of osteoarthritis are well known in clinical research, is it 

really possible to reconstruct a “bioarchaeology of pain”? For osteoarthritis it is only 

possible in a marginal way. When ascribing pain to past individuals based on 

osteoarthritic changes, caution should be exercised (Kjellstrom, 2010, 57, 61-62). A 

study by Young and Lemaire (2012) compared osteoarthritic changes in the knees with 

an MRI based scoring system in order to relate osteological changes to functional 

deficits. These functional deficits were then related to pain, disability and activity 

limitations experienced by individuals in a modern clinical setting. The study found that 

females are more likely to have functional deficits when knee osteoarthritis is present. 

General statements can be made concerning biomechanical difficulties, but personal and 

cultural experience is not written on the bone and remains inaccessible to the 

palaeopathologist in relation to osteoarthritis.  
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2.2.4. Summary	  of	  Key	  Points	  from	  the	  Definitions	  of,	  and	  Clinical	  

Research	  into,	  Osteoarthritis	  

- Early changes in the joints are not well understood and more research is 

necessary in order to explore the variety of processes that interact resulting in 

failure of the joint to repair itself. The studies on porosity and osteophytes are 

promising and could facilitate a better understanding of osteological changes in 

palaeopathology.  

- Clinical studies have shown that not all osteoarthritis is the same and different 

joints can be affected by different risk factors. Osteoarthritis is a collection of 

disorders with the same outcome: joint degeneration. Unless generalized 

osteoarthritis is present, osteoarthritis in different joints must be regarded 

separately. 

- A comparison between clinical and palaeopathological prevalence rates should 

be approached with caution, as these percentages cannot be compared and 

should only be used as a guideline. This is due to the inherent differences 

between the definitions of osteoarthritis in the two fields and the populations 

that are being examined, i.e. the unrepresentative nature of fragmentary 

skeletons. 

- Several joints can and should be subdivided into compartments for recording. 

Different stress factors affect the compartments, and in order for the 

palaeopathology of osteoarthritis to advance and to follow clinical developments, 

joints like the knee and the elbow should be examined on a compartmental basis, 

as suggested by Ortner (1968), Bridges (1991), Jurmain (1999) and Waldron 

(2009). 

- A new classification of osteoarthritis should be implemented in 

palaeopathology: degenerative joint changes, non-specific osteoarthritis, trauma-

induced osteoarthritis, and generalised osteoarthritis. This classification will 

allow a more nuanced understanding of osteoarthritis typology in 

palaeopathology. 

- Even though biomechanical impediments can be, cautiously, deduced from the 

study of palaeopathological osteoarthritis, extreme caution must be employed 

when trying to transpose symptoms such as pain onto past populations. 

Osteological change does not necessarily imply symptomatic expression. 
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2.3. Palaeopathology	  and	  Osteoarthritis:	  A	  Complex	  

Relationship	  

Osteoarthritis is one of the most common conditions found in palaeopathological 

research, which means that, as in clinical research, there is a large amount of data 

available (Aufderheide and Rodríguez-Martín 1998, 93; Jurmain 1999, 5; Ortner 2003, 

545; Waldron 2009, 26). This section will focus on a selection of these studies. Firstly 

the medical history of osteoarthritis will be discussed. Secondly a review of the ways in 

which osteoarthritis has been used by palaeopathologists to try to determine occupation 

and activity will be presented, as this has been a dominant line of enquiry in the 

palaeopathological literature. Thirdly an overview of palaeopathological research into 

osteoarthritis will be presented. Only extra-spinal joint disease research is included here. 

Population studies and joint specific studies will be included. The importance of the 

biomechanical approach in osteoarthritis will also be reviewed. Finally a discussion will 

be presented on the ways in which osteoarthritis research could be taken forward in 

palaeopathology.  

  

2.3.1. The	  History	  of	  Osteoarthritis	  
Osteoarthritis has affected people and animals throughout history and it has been 

identified in dinosaurs and early hominids (Dequeker and Luyten 2008, 5; Ortner 2003, 

545; Watson Buchanan, et al. 2003, 301). Despite this, defining joint diseases has been 

problematic because of different factors affecting studies, including: medical theory, 

history and terminology. In medical history most, if not all, types of chronic arthritis 

used to be defined as gout. This lack of a realistic classification remained from 

Hippocrates until the 18th century (Dequeker and Luyten 2008, 5; Watson Buchanan, et 

al. 2003, 302). Hippocrates wrote of a type of arthritis that “seized the great joints, 

which are able to contain it, but does not usually go beyond these.” (Copeman 1964, 

185). Whether this can be interpreted, as osteoarthritis remains a point of contention. 

Written sources, especially in medical history, can be interpreted in a number of ways. 

The difficulties and possibilities of using medical historical research will be discussed 

in depth in chapter 3 for the history of rheumatoid arthritis.  

William Heberden The Elder is generally considered as the first physician to 

give a good account of the disease in 1782. The nodes on the hand that are typical in 

osteoarthritis were named after Heberden, who first described and differentiated them 

from gout. Hip osteoarthritis was first described by Sandifort of Leiden in 1793 and 
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later in 1805, John Haygarth described polyarticular arthritis of the distal 

interphalangeal joints and other joints. Sir Alfred Garrod first distinguished between 

gout and a rheumatic type of arthritis that included osteoarthritis in 1859 (Copeman 

1964, 185; Dequeker and Luyten 2008, 5-6; Watson Buchanan, et al. 2003, 302).  

The differentiation of osteoarthritis from other rheumatic types is ascribed to 

Robert Adams in 1857, but it was John Kent Spencer who first coined the term in 1888, 

although it also encompassed other diseases. It was not until the early Twentieth century 

that the disorder was differentiated from rheumatoid arthritis (Copeman 1964, 188-189 ; 

Dequeker and Luyten 2008, 6; Watson Buchanan, et al. 2003, 302). As discussed above, 

there is much that remains unknown even today about the prevalence, development and 

aetiology of osteoarthritis.  

There were a few treatment options described, including: warm baths, localised 

application of leeches, the external application and ingestion of cod-liver oil and the 

intake of small doses of potassium iodide. Sir Thomas Watson recommended his 

wealthier clientele to retire to warmer climates during the cold season. He also 

recognised the importance of rest and exercise in the different stages of the disease and 

insisted upon the use of a combination of guaiacum, made from a type of South 

American tree bark and later replaced by willow tree bark, which has useful anti-

inflammatory properties, and Dover’s powder, a form of medical opium for pain relief 

(Copeman 1964, 191-193 ; Hedner and Everts 1998, 24; Inciardi, et al. 2009, 332). 

Another common remedy was an electuary called “Chelsea Pensioner”, made from 

guaiacum, rhubarb and sulphur, which provided relief for the pain, was a diuretic and 

caused increased perspiration. In 1899 aspirin provided more relief for sufferers from 

chronic arthritic conditions. None of these medications can be considered disease 

altering as they were mainly aimed at pain relief; it would be possible to assume that the 

osteological expression was not altered by the ingested drugs. Joint replacement surgery 

was not experimented with or perfected until the Twentieth century (Copeman 1964, 

195).  

 

2.3.2. Osteoarthritis	  as	  a	  Method	  for	  Determining	  Occupation	  and	  

“Activity”	  

The link between occupation and osteoarthritis started with research by J. 

Lawrence Angel (1966, 1971) and was further explored in studies by Ortner (1968) and 

Wells (1962, 1963, 1965 1967). Further studies in the 1970s, 1980s and 1990s 

attempted to use osteoarthritis to reconstruct the lifestyles of archaeological populations 
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(Jurmain 1977a+b; Merbs 1983; Waldron and Cox 1989; Bridges 1991). For example, 

the examination of the relationship between osteoarthritis and occupation in the named 

skeletal sample from the Christ Church, Spitalfields crypt in London indicated no 

significant relationship between hand osteoarthritis and the weavers in the sample. By 

using historical sources, the authors attempted to explain this lack of correlation by 

stating that most of the individuals were master weavers, rather than journeymen 

weavers, meaning that after completing a 7-14 year apprenticeship, they did not 

undertake much more weaving (Waldron and Cox 1989, 420). Bridges (1991) examined 

the differences in osteoarthritis patterns in the major joints between a hunter-gatherer 

and an agriculturalist population from Alabama, USA. She found that the patterns of 

osteoarthritis did not relate to subsistence strategy and, while presenting a substantial 

comparative overview combined with biomechanical evidence, concluded that the 

similarities in osteoarthritis levels in both groups must mean their activity levels were 

similar too.  

 Despite the popularity of this type of research, Jurmain and Kilgore (1995) 

cautioned against the use of osteoarthritis as an indicator of activity: “… the assumption 

that culturally patterned mechanical stress leads to the onset of OA; moreover the 

differences in frequency and severity of involvement within groups are explained by 

such differences in behaviour, … It is clear that such reasoning is largely circular, but 

it nevertheless continues to persist in the literature.” (Jurmain and Kilgore 1995, 446). 

The argument against using osteoarthritis as an activity indicator culminated in the 

seminal work “Stories from the Skeleton” by Jurmain (1999).  Here he commenced by 

explaining the clinical foundations of what osteoarthritis is and then related this 

information to the palaeopathological context. Jurmain (1999) discussed clinical studies, 

where activities are known and controlled for, and anthropological studies into activity 

patterns, which demonstrated no or limited relationship with osteoarthritis. This work 

emphasised the multidimensional nature and complexity of osteoarthritis. 

 Despite this, authors continue to relate osteoarthritis to occupation, whilst also 

including a disclaimer that it is not possible to relate osteoarthritis to specific activities 

(Lieverse, et al. 2007 ; Klaus, et al. 2009 ; Jin Woo and Sciulli 2013; Molnar, et al. 

2011 ; Schrader 2012). For example, an article by Lieverse et al. (2007) examined pre-

hiatus (an interruption of cultural continuity in the region) and post-hiatus populations 

from the Cis-Baikal region in Siberia and used osteoarthritis patterns to reconstruct 

mobility and activity patterns. Despite the fact that osteoarthritis patterns between the 

populations remained similar, they still attempt to relate this to mobility and activity 
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patterns stating that: “Furthermore, annual fluctuations in resource availability likely 

resulted in equally variable modifications to mobility patterns by both the Kitoi and 

Serovo-Glaskovo alike. This variation, over the course of whole lifetimes, could have 

equalized individual mobility and activity levels among the pre- and post-hiatus peoples, 

resulting in similar osteoarthritic prevalence for both groups.” 

(Lieverse et al. 2007, 13) 

 Even though modern clinical research has not been able to completely define the 

role of environment and activity in the development of osteoarthritis, the above quote is 

an over-simplification of the complex interactions that take place in osteoarthritis 

development. Further statements by the authors, such as the insinuation that similar 

levels of osteoarthritis between males and females imply sexual equality in activity 

patterns, are misinterpretations of the evidence and the development and aetiology of 

osteoarthritis (Lieverse et al. 2007, 13). A recent study attempted to examine activity 

patterns in New Kingdom Nubia by using both entheseal changes and osteoarthritis 

(Schrader 2012). Although this study integrated archaeological evidence, historical 

accounts and osteology, the results proved to be questionable. According to Schrader 

(2012, 69), low levels of entheseal changes and the almost absence of osteoarthritis 

indicated that there were low levels of activity at Tombos and this supports the theory 

that Tombos was an administrative centre. 

Despite the fact that environment and activity can contribute to the development 

and severity of osteoarthritis the purpose of this review is to caution against placing too 

much importance into these factors. There are many factors related to osteoarthritis and 

having a predisposition to developing this condition. Another issue to consider is that 

humans undertake a large and varied number of activities in their daily life, and it is 

thus difficult to differentiate and pick out the one activity that would have caused 

osteoarthritis (Jurmain et al. 2012, 532). 

Rogers et al. (1997, 89-90) also examined the relationship between osteophytes 

and enthesophytes (a type of entheseal change). The authors stated that osteophytes 

could be related to osteoarthritis, but the data indicated that this is not always the case. 

They found a positive relationship between the two changes and that enthesophytes 

were closely related to sex and age. A novel approach towards improving our 

understanding of the relationship between osteoarthritis and activity was recently 

published by Young and Lemaire (2012). They applied modern MRI imaging scores to 

archaeological skeletons and then related the data to functional deficits (section 2.2.3.ii). 

Another project that explored the link between osteoarthritis and potential life-ways was 
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a multidisciplinary project that examined the relationship between entheseal changes, 

degenerative joint changes and historical records in a small known age and sex 

population from Fewston, North Yorkshire, England (Henderson et al. 2013, 197). The 

individuals were divided into three groups based on occupation: farmers, skilled 

workers and females. There was no detailed information for the group of women whose 

occupations could not be differentiated in the historical records, thus they were 

assembled into one group. Occupational related mobility was also taken into account as 

a variable. The results were counter-intuitive because the entheseal and degenerative 

changes did not always match to the occupations. The historical information indicated 

that the individuals were engaged in a large number of activities during their lifetimes, 

and thus a reliance on occupation at death did not provide sufficient information to 

assess the relationship between activity and degenerative changes. Add to that the 

importance of age, sex and other factors that influence degenerative change and it is 

clear that, even with historical records present, care must be taken in making inferences 

with regard to degenerative change (Henderson et al. 2013, 208). This research was not 

the first to use a combination of entheseal changes and degenerative joint changes 

(Alves Cardoso and Henderson 2010; Cardoso 2008; Henderson et al. 2013; Mariotti et 

al. 2004; Mays 2012; Milella et al. 2012; Palmer et al. 2014; Ponce 2010; Rogers et al. 

1997; Vilotte 2006). For a more in-depth view on these issues, Jurmain et al. (2012) 

provided an excellent synthesis on the complexities of using osteoarthritis, entheseal 

changes and cross-sectional geometry in activity-reconstruction.  

 Rather than determining activity or occupation, osteoarthritis research in 

palaeopathology should focus on the functional changes in the joints and use clinical 

research to attempt to deduce how osteoarthritis might have affected an individual in 

their daily tasks. 

 

2.3.3. Osteoarthritis	  in	  Palaeopathology	  
Within palaeopathology, research has always focused on two main types: the 

population study and the case study. The following section will present an overview of 

these two types of studies in relation to osteoarthritis research. It is impossible to be all-

inclusive in this overview due to the large amount of research material that has been 

published. The following overview will limit itself to some of the more recent and the 

most relevant studies. 
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2.3.3.i. Population	  Studies	  

There are many different population studies of osteoarthritis available in 

palaeopathology, some of which have already been discussed within the previous 

section (Lieverse et al. 2007; Klaus, et al. 2009; Jin Woo and Sciulli 2013; Molnar et al. 

2011; Schrader 2012). These studies will not be discussed again. 

Waldron (1991) conducted an in-depth examination of the prevalence of 

osteoarthritis in the Christ Church, Spitalfields population from Post-Medieval London 

(AD 1729-1857). Due to the presence of coffin plates, demographic data were available 

for approximately 367 individuals. Using both eburnation and a combination of lesions 

(central or marginal osteophytes, porosity, joint contour change), patterns of 

osteoarthritis distribution were established and examined. Waldron (1991, 305-306) 

compared the results from Spitalfields to a modern population. Even though it is 

difficult to compare modern and archaeological prevalence (as stated above in the 

clinical section), there were slight differences between the joints affected by 

osteoarthritis in the modern and archaeological sample, yet they were not statistically 

significant. The differences lay in the fact that, for example, knee osteoarthritis was 

uncommon in archaeological males, but it was the most common form of osteoarthritis 

in the modern males. In archaeological females the spine was most affected, whereas in 

the modern females the feet were most affected.   

Waldron (1995, 387-388) also conducted a study on diachronic trends in 

osteoarthritis from Pre-Medieval (Romano-British, 1st – 5th century AD, or Anglo-

Saxon, 5th -10th century AD), Medieval (11th – 16th century AD) and Post-Medieval sites 

(17th – Early 19th century AD). His research found no difference between the Pre-

Medieval and Medieval periods, but differences in distribution between the Medieval 

and Post-Medieval periods, with knee and hand osteoarthritis increasing and hip 

osteoarthritis decreasing. He also employed the compartmental approach for recording 

osteoarthritis and found that, in the knee specifically, there was more patellofemoral 

than tibiofemoral disease in both the later periods. This is an important discovery 

because recently Crossley and Hinman (2011) questioned whether the patellofemoral 

joint is the forgotten joint in knee osteoarthritis. Waldron (1995, 387) also found that 

lateral and medial tibiofemoral disease was equally as common. Unfortunately, 

Waldron (1995, 385-386) did not clearly identify the sites used in this study, but states 

that they are all from England.  

Another study by Waldron (1992) examined a Black Death plague pit dating to 

AD 1348/1349 from the Old Royal Mint site in London. This was particularly 
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interesting because the population sample presented here belonged to a catastrophic 

cemetery. Waldron used either eburnation or a combination of two other criteria to 

diagnose osteoarthritis. The results showed that the shoulder (mainly the 

acromioclavicular joint) and the spine were more affected in both sexes and that 

prevalence rose with increasing age. Males were more affected by the disease than 

females and this concurred with his study on the Christ Church, Spitalfields skeletons 

(Waldron 1991); thus Waldron suggested that the modern female preponderance is a 

more recent occurrence.  

Bridges (1992, 71) presented an in-depth study on osteoarthritis in the 

Prehistoric Americas, focusing on the patterning of osteoarthritis within the major joints 

of the body, bilateral asymmetry, sex differences, population differences, osteoarthritis 

and specific activities, status differences and the relationship with age. Despite this 

large study, the conclusions were a reflection of the complexity of osteoarthritis. 

Patterning of osteoarthritis was often population specific and could not be compared 

with modern research. High levels of osteoarthritis at the elbow and the knee were 

thought to reflect higher physical activity levels, whereas osteoarthritis at the shoulder 

and hip increased more with age. Prehistoric Native American males were often more 

affected than females, which is in stark contrast to the modern day data, although the 

disease did become more common in older females It was not possible to identify shifts 

in subsistence economy (hunter-gatherer to agriculture) from the patterns of 

osteoarthritis, and specific activities could definitely not be assigned. This research 

demonstrated the complex interactions of intrinsic and extrinsic factors within 

osteoarthritis.  

Finally, a study by Roberts and Cox (2003) provided a comprehensive overview 

of health and disease in Britain. Their research showed that there was a rise in 

osteoarthritis cases from the Medieval (c. 1050 – c.1550 AD) to Post-Medieval (c. 1550 

– c. 1850 AD) periods, with approximately 25% of individuals from the available data 

exhibiting some form of extraspinal joint disease. Population studies are important in 

palaeopathological osteoarthritis research because they can help us to discern certain 

patterns that could be temporally or geographically related to other contemporaneous 

populations or to modern clinical populations. The selected projects presented here also 

indicated the importance of considering the multifactorial nature of the disease in 

palaeopathological analysis and the potential differences in osteoarthritis prevalence 

between the sexes in past and modern populations.  
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2.3.3.ii. Joint	  Specific	  Studies	  

While palaeopathological studies of joint disease are common, joint-specific 

studies are not. Some of this literature will be reviewed below and the importance of 

such analyses for understanding osteoarthritis along with potential further research will 

be discussed. 

One joint for which joint-specific osteoarthritis recording criteria were 

recommended is the temporomandibular joint (TMJ). Rando and Waldron’s (2012, 51) 

study concluded that eburnation was a feature not commonly found in the TMJ and thus 

suggested a combination of other features, such as osteophytes and porosity (that were 

most common in this joint) and joint contour change, as diagnostic criteria. They also 

provided clear drawings of the different stages of changes in the mandibular condyles 

and the mandibular fossae. Another study on TMJ osteoarthritis found a significant 

relationship between dental attrition and osteoarthritis in the TMJ that was not related to 

age, which is significant as it might suggest that age was not a key risk factor in TMJ 

osteoarthritis (Hodges 1991, 375). The type of study conducted by Rando and Waldron 

(2012) would be helpful for each of the major joints, as well as for the hands, feet and 

spine, in order to more accurately diagnose osteoarthritis in palaeopathology. While 

Ortner (2003, 551-553) provided a brief overview of changes at each joint, an in-depth 

examination of the typical joint-specific manifestations, along with clear illustrations of 

the phases of degeneration, would enable better standardisation within palaeopathology.  

The shoulder, which consists of two separate joints, the glenohumeral and 

acromioclavicular joint, is sometimes considered as a single site in palaeopathological 

osteoarthritis research. It is however important to separate these two joints as clinical 

prevalence rates vary between the two (O’Reilly and Doherty 2003, 205). Not many 

studies have focussed on these two joints separately and only two will be discussed here. 

Roberts et al. (2007, 485) examined the association between degenerative changes seen 

at the glenohumeral joint and its surrounding entheses and rotator cuff disease. 

Following works by Miles (1996, 1999a+b, 2000) on humeral impingement, they 

identified a relationship between degenerative joint disease and rotator cuff disease. 

This indicated that soft tissues could have a greater role in the development of 

degenerative changes at the glenohumeral joint than was previously assumed. 

The acromioclavicular joint is more commonly affected than the glenohumeral 

joint by osteoarthritis (O’Reilly and Doherty 2003, 205). Miles (1999a, 83) attempted to 

categorise the changes seen in the acromioclavicular joint according to age by looking 

at the known age and sex individuals from Christ Church, Spitalfields, London. A five-
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grade system was suggested based on the morphological changes observed at the joints. 

These changes consisted of pitting, erosion, marginal osteophytosis and eburnation 

(Miles 1999a, 89). However, the exact relationship between osteoarthritis and age-

related changes was not clearly explained within the article, aside from a short note that 

the facet would look less distorted in normal age-related changes. 

 The elbow has been discussed in depth in the clinical section of this chapter and 

therefore only two studies will be considered here, those of Whittaker (2011) and Ortner 

(1968). The study by Whittaker (2011) examined the anatomy and palaeopathology of 

the so-called “Atlatl Elbow”. The term was first used by J. Lawrence Angel in 1966 and 

indicated osteoarthritic changes to the distal humerus and lateral elbow (i.e. 

radiohumeral) joint, which were thought to occur from the use of an atlatl. The term has 

been continuously used, yet Whittaker (2011, 3) provided a synthesis of the evidence, 

which demonstrated that a great number of both intrinsic and extrinsic factors 

contributed to the development of the changes observed within the elbow. Ortner (1968) 

identified changes in the distal humerus between the Eskimo and Peruvian populations, 

but he did not attempt to assign these to a specific activity. However, his study 

highlighted the importance of a detailed examination of a specific joint and highlighted 

the way in which different osteoarthritic changes can be observed in different parts of 

the joint (Ortner 1968, 145-146).   

Degenerative changes in the acetabulum have recently been investigated as a 

potential means for estimating age-at-death. A study by Rissech et al. (2006; 2007) 

examined seven features of the acetabulum and their relationship to age and constituted 

a new age estimation method based on these changes. Mays (2012, 485) examined these 

seven features in the Christ Church, Spitalfields skeletons and found that only four of 

the seven were statistically significantly related to age: grooving below the acetabular 

rim, acetabular rim shape, acetabular rim porosity, osteophyte formation at the apex of 

the posterior horn of the lunate surface. Calce (2012, 13-17) provided drawings of these 

changes and suggested three age categories. The problem here is trying to discern the 

degeneration that is age-related from disease-related degeneration. Osteophytes at the 

apex of the lunate surface can occur in osteoarthritis, but also when the acetabular 

labrum tears, and when untreated these conditions worsen with age. Another condition 

that can occur without osteoarthritis needing to be present were supra-acetabular cysts. 

Mays (2005b, 233) examined non-arthritic os coxae from the medieval rural Wharram 

Percy (10th – 16th century AD) site, North Yorkshire, and found these lesions to be 

common even without osteoarthritic changes and more prevalent in males. A potential 
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aetiology suggested by Mays (2005b, 244) was trauma to the acetabular labrum and rim. 

He also suggested that these cysts could be useful indicators of activity regimes 

provided more research is conducted. He based this on the agricultural activities 

performed by people who lived at Wharram Percy, combined with the male 

preponderance of the affliction, implying that males usually took on the heavier 

agricultural work and were thus more likely to have this traumatic affliction. This study 

highlighted the necessity for further research to find a consensus on what constitutes 

actual osteoarthritic change in the acetabulum. 

The hip has commonly been examined in general population studies but 

Waldron (1997) focused on the hip, specifically in Medieval (c. 1200 – 1500 AD) and 

Post-Medieval (c. 1650 – 1850 AD) populations. He found that crude prevalence was 

roughly equal with modern populations although there was a temporal difference, with 

osteoarthritis of the hip being more common than osteoarthritis of the knee in the 

Medieval period and this pattern reversing in the Post-Medieval period. As discussed in 

the clinical section of this chapter, the femoral head can be displaced in a number of 

ways in osteoarthritis, and the study by Waldron (1997, 187-188) indicated that superior 

displacement was more common in males than in females, whereas medial displacement 

was less common in general, and occurred more frequently in females. Unilateral 

affliction was also recorded more than bilateral hip osteoarthritis. Baetsen et al. (1997, 

630) examined the differences between hip and knee osteoarthritis in an 18th century 

Dutch urban population. In contrast to the previous study by Waldron (1997), Baetsen 

et al. (1997, 630) found that hip osteoarthritis occurred more frequently than 

tibiofemoral osteoarthritis. This type of comparative research between modern patterns 

and prevalence and archaeological populations should continue in order to identify 

geographical and temporal trends and potential aetiological factors.  

The knee is one of the most common sites to be examined for osteoarthritis in 

clinical literature. In palaeopathology the knee is often included in population based 

studies and those that examine a few joint sites (Bridges 1992; Jin Woo and Sciulli 

2013; Jurmain 1980; Klaus, et al. 2009; Molnar, et al. 2011; Schrader 2012; Waldron 

1991, 1992, 1995; Walker and Hollimon 1989). There are some joint specific studies 

that examine the knee in detail, but more work is required (Jurmain 1977b ; Stevens and 

Strand Vidarsdóttir 2008 ; Väre, et al. 2012 ; Young and Lemaire 2012).  

Several studies have applied geometric morphometrics to the knee in order to 

analyse a relationship between morphology and osteoarthritis prevalence. Some results 

have indicated that sex and inter-population shape differences appeared to play a larger 
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part in osteoarthritis development than increasing age. In addition, the prior shape of the 

joint was not found to be statistically significant for the development of degeneration 

(Plomp et al. 2013, 1; Stevens and Strand Vidarsdóttir 2008, 352).  

A small study conducted by Väre et al. (2012, 158) showed the importance of 

subdividing the tibiofemoral joint into medial and lateral compartments. Their study 

found a relationship between osteoarthritis of the medial compartment and a larger body 

size. This type of work shows the importance of utilizing clinical division methods in 

palaeopathological research. An early study of the knee was conducted by Jurmain 

(1977) and included individuals from the Terry Collection (a documented skeletal 

collection from late 19th – early 20th century AD), a 12th century AD Native American 

collection from New Mexico and a sample of proto-historic (no date provided) Alaskan 

Eskimos. While Jurmain’s (1977, 11) research showed that the degeneration in the knee 

was closely related to increasing age, a study by Stevens and Strand Vidarsdóttir (2008, 

352) found that the shape of the joint is more influenced by sexual dimorphism than by 

age, thus indicating that different risk factors work on knee joint degeneration.  

Research into wrists, hands, ankles and feet is not very common and is usually 

part of larger population studies where the exact method for achieving prevalence rates 

is not explained (Weiss and Jurmain 2007, 446). However it appears that the hand is 

problematic within palaeopathological research in terms of recording and presenting 

data. The problems are of course related to preservation and the large number of joint 

surfaces that are present in the wrists, hands, ankles and feet, which leads to several 

issues that can influence the recording, such as whether each joint surface should be 

recorded separately or if a composite score should be used. A lot of questions remain in 

this area of palaeopathological osteoarthritis research and an in-depth examination of 

these joints is necessary. A study by Roberts et al. (2006, 208) presented a case study of 

SLAC (scapholunate advanced collapse) and its bilateral presence in a Roman skeleton 

from Ancaster. While it would have been interesting to examine the populations in this 

project for this affliction, due to time constraints it was not possible. 

Several studies by Waldron (1993; 1996), focused on the hands of 168 skeletons 

from Post-Medieval (c. 1650 – 1850 AD) British archaeological populations. Relative 

completeness was a requirement, but in this respect Waldron (1996, 1292) also 

recognised that this introduced a bias in the study, as certain individuals with hand 

osteoarthritis could not be included due to poor preservation. Diagnostic criteria were 

based on Rogers and Waldron (1995), but Waldron (1996, 1292) later decided to only 

use eburnation as an indicator of osteoarthritis. Sex differences were apparent in the 
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hand, which is also a modern clinical phenomenon (Resnick and Kransdorf 2005, 371-

372). Females usually exhibited multiple affected sites, while males usually had only a 

single joint involved. In the populations used in Waldron’s (1996, 1293) study, in 

general the second and third metacarpophalangeal joints were most affected and this on 

the right side. Finally, clusters could also be discerned which differed between males 

and females. In females the first carpometacarpal, distal interphalangeal and first 

metacarpophalangeal joints were often affected together. In males the trapezoscaphoid 

and tapezoidscaphoid joints clustered together (Waldron 1996,1295-1298). An in-depth 

examination such as this one has not been repeated since. It would be interesting to 

examine patterns amongst other populations. Waldron (1997, 116) also used data on the 

hands to examine whether the modern association between hand and knee osteoarthritis 

existed in the Post-Medieval period and found there to be a correlation between the two, 

similar to modern studies. These studies, comparing modern clinical trends to 

archaeological populations, are of great importance because they can help to clarify 

disease trends in the past and perhaps help to clarify certain patterns or influences in 

modern clinical research.  

For the foot, several studies can be found, mainly focussing on hallux valgus or 

other conditions (Mays 2005a; Darton 2007; Mafart 2007; Trujillo-Mederos, et al. 

2012). Mays (2005a, 141-142) identified criteria, based on clinical research, to examine 

hallux valgus in archaeological remains. His research showed a rise of the condition 

between the early and late medieval period, which he ascribed to the coming into 

fashion of pointed shoes in the later period. Mafart’s (2007, 166) study on metatarsals 

found in a French necropolis dating from the 5th to the 17th century that the affliction 

generally occurred after the age of 30 years and was age-related. Sex-related prevalence 

varied in different periods, with an equal prevalence in medieval times and a 

significantly higher male prevalence during the Post-Medieval period. In modern times 

it occurs almost exclusively in females (Mafart 2007, 166). Trujillo-Mederos et al. 

(2012, 11) found a high prevalence of hallux valgus in an 18th century population from a 

church in Tenerife, Spain. They were able to deduce that the condition was more 

prevalent in individuals buried near the altar and thus related to having a higher status. 

While these studies are interesting, unfortunately no explicit attention is paid to 

osteoarthritis of the foot beyond the first metatarsal. Sex differences of the disease 

within the foot or in relation to which joint surfaces are most affected is also an area that 

has not been examined enough.     
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These joint specific studies are of great importance and should be continued. It 

is clear that more in depth analysis and understanding of the changes at each specific 

joint site will enhance knowledge of the disease and will allow for a better 

understanding of the relationship between increasing age-degeneration and 

osteoarthritic changes. 

 

2.3.4. The	  Foundations	  of	  a	  Biomechanical	  Approach 

Osteoarthritis, as has already been discussed (2.3.2), cannot reliably be used to 

reconstruct activities in the past. How, then, can palaeopathology still contribute to the 

study of osteoarthritis when activity reconstruction is not an option? The changes in the 

joints are part of a complex process that has many different contributory factors, as 

explained in the definitions of osteoarthritis (section 2.1). The changes are, in part, 

related to the anatomical structure of the joint: its biomechanical make-up. A 

biomechanical approach can provide more information on the distribution of changes 

within the joints, the way that they are affected, and general trends. The distribution can 

also provide information on how the changes could have affected the joints. This can 

allow a more objective approach to the study of palaeorheumatology and allows for 

modern day clinical research to be used in the analysis of patterns seen in 

palaeopathology. There are some researchers who have greatly advanced the study of 

osteoarthritis in the past, including, Ortner, Jurmain, Rogers and Waldron.  

For example, Ortner’s (1968) study on degenerative changes in the distal 

humerus focused on examining the morphology of this joint. The research proved that 

the stress placed on the trochlea was evenly dispersed whereas the capitulum underwent 

more stress on the centre of the joint surface. This detailed examination of the 

distribution of joint changes can provide a better understanding of the mechanical 

workings of osteoarthritis and the changes related to this disease.  

Jurmain’s (1980) research on approximately 800 individuals found that 

osteoarthritis in the two ball-and-socket joints (the shoulder and the hip) was slightly 

more correlated with age than at the hinge joints (the elbow and the knee) (Jurmain 

1980, 144). He also discovered that within the ball-and-socket joints there was a 

differential distribution of degenerative changes that was related to age. The “sockets” 

(the acetabulum and the glenoid fossa) are more affected and according to Jurmain 

(1980, 144), “This may well be a result of biomechanical relationships which tend to 

distribute stress uniformly over these surfaces”. These results provide another 

justification for the compartmental approach. In osteological research there is a unique 
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opportunity to examine the bones three-dimensionally, without soft tissue, which 

provides a better view of the distribution of degenerative changes within the joint and 

thus could be of importance to clinical studies. While the compartmental approach has 

been used in palaeopathological research, it is not yet a standard practice. A study by 

Bridges (1991) recorded the joints in compartments, yet the end results were tabulated 

per joint overall. By combining, for example, the glenohumeral and acromioclavicular 

joints into the shoulder joint much information is lost. They are two biomechanically 

different structures. More recently, a study examined the relationship between 

osteoarthritis of the knee and body weight in Swedish, Spanish and Finnish populations 

using a compartmental approach (Väre et al. 2012). This method allowed the 

researchers to observe that the medial compartment was affected more frequently.  

In this thesis particular attention will be paid to a detailed recording of 

degenerative joint changes in order to discern whether specific parts of joints are more 

affected than others, and if this differs between males and females or urban and rural 

populations.  

 
2.3.5. Taking	  Osteoarthritis	  Research	  Forward	  
In an attempt to bring new attention to palaeopathological osteoarthritis research 

and to move the research forward, Weiss and Jurmain (2007) presented an important 

article that focussed on the aetiology of the disease. “… understanding the skeletal 

pattern of osteoarthritis can be important in interpreting the disease itself.” (Weiss and 

Jurmain 2007: 438). This encapsulated the importance of palaeopathological research 

and the reason why studies of past osteoarthritis must continue, despite the fact that 

activity cannot be confidently reconstructed from it.  

In their assessment of genetic advances Weiss and Jurmain (2007: 439) 

indicated that several loci are involved in osteoarthritis and that “different loci affect 

different joints, … and sex and population differences confounding the factors. … some 

loci seem to influence osteophyte development, while other primarily involve joint space 

narrowing”. This was important because it indicated that we needed to consider the 

different joints and the manifestations at these joints separately, because they could 

represent different disease processes. In addition, osteophytes should not be discounted 

as a sign of problems within the joint, because certain joints can be more prone to 

developing them. Anatomy can also play a large part in the development of 

osteoarthritis at particular sites, which is why an examination must include separating 
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out the joint compartments. This research takes these suggestions and applies them to 

the study samples.  

A problem within palaeopathological research is standardisation of recording 

and analysis. In 1991 Waldron and Rogers examined inter-observer variation in coding 

osteoarthritis. Thirty-eight people participated in their study with a variable range of 

experience from beginner to the very experienced. The presence of eburnation and of 

new bone on the joint surface received more agreement between observers than the 

other criteria (e.g. porosity, marginal osteophytes) and, surprisingly, there was little 

difference between the beginners and the experts. Waldron and Rogers (1991, 55) 

suggested that better operational definitions must be developed and that caution must be 

employed when comparing studies. These authors later publish the Field Guide to Joint 

Disease in Archaeology (1995) where criteria for the diagnosis of joint disease were 

introduced. This research will use the criteria suggested by Rogers and Waldron (1995) 

and by Jurmain (1999) to record degenerative joint disease. By using the 

“compartmental method”, and not taking into account severity, but simply the presence 

or absence of changes the recording will be more standardised. 

Bridges (1993) addressed the important question relating to methodological 

variation within the area of joint disease studies. Due to the absence of a standardised 

system for processing the large amounts of raw data obtained in osteoarthritis research, 

there is a lot of variation in methodology. Three factors relate to the problem:  

1. The definition used to identify the presence of osteoarthritis. 

2. The amount of detail that is recorded when examining the joints. 

3. The calculation of scores for osteoarthritis presence during the analysis of the 

results. 

 

The importance of describing the methodology employed in research and 

especially the details surrounding how the joints were recorded and processed was also 

highlighted by Bridges (1993) and Craps (2011). Bridges (1993) also included several 

guidelines within her research: 

1. The best data are the most detailed/complete, least manipulated and best 

documented. 

2. Categories indicating severity should be employed (the use of severity is of 

course subjective and complicates recording). 

3. It is necessary to individually record the indicators such as eburnation, 

osteophytes and porosity.  
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This research project has taken into account the suggestions made by Bridges (1993) 

and their applications are explained in-depth in the methodology chapter (4). 

It is important that “palaeopathological osteoarthritis” research steps away from 

activity reconstruction, as discussed above. Due to the subjectivity in recording 

osteoarthritis features, it is doubtful that a perfect method will ever be developed. 

However, if recording and analysis methods are explained in detail then maybe more 

studies will be comparable. Further research using the biomechanical approach will 

continue to clarify the patterns that can be observed within the joints. More studies 

focussing on determining the joint specific changes in the osteoarthritis process will 

further allow for a better understanding and definition of osteoarthritis in 

palaeopathology. 

 This chapter has presented a detailed examination of the definition of 

osteoarthritis and has analysed relevant clinical and palaeopathological research, which 

has formed the basis for this study. The following chapter will do the same for 

rheumatoid arthritis. 
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Chapter	  3. The	  Interpretation	  and	  Critical	  

Assessment	  of	  Previous	  Research	  on	  Rheumatoid	  

Arthritis	  
Today, rheumatoid arthritis is one of the most common forms of joint disease and 

many new clinical studies are published each year that attempt to elucidate the 

intricacies of this disease. There are many theories regarding the history of the disease, 

yet this evidence has not been synthesised and examined as a whole since the 1970s 

(Short 1974, 204). With the publication of new palaeopathological case studies (see 

section 3.3.1) and advances in the clinical understanding of the disease (section 3.1.3) 

new information has become available that can aid in contextualising this poorly 

understood disease. This chapter aims to introduce the features of rheumatoid arthritis 

and provide a critical overview of the available evidence from modern clinical, medical 

historical, art historical and palaeopathological sources.  

It begins with an explanation of the nature of rheumatoid arthritis. The focus will 

lie in explaining terminology, the clinical and palaeopathological characteristics of the 

disease and finally a review of current clinical research. The next section focuses on the 

history of rheumatoid arthritis. This includes an overview of the debates concerning its 

antiquity followed by an examination of clinical and historical written evidence, the 

visual arts and a retrospective diagnosis of rheumatoid arthritis in historical figures. The 

final section of this chapter focuses on palaeopathological research. The published 

evidence of rheumatoid arthritis in the past will be reviewed to further elucidate the 

history of this disease, and the future potential for rheumatoid arthritis research.  

 

3.1. What	  is	  Rheumatoid	  Arthritis?	  

The following sections will elucidate the terminology used for the disease, its 

characteristics and advances in clinical research.  

 

3.1.1. Terminology	  

 The term “rheumatoid arthritis” did not appear in clinical literature until 1859, 

when Sir Alfred Baring Garrod first introduced it in his work “Gout and Rheumatic 

Gout” and presented it as a new disease, showing surprise that it had gone unnoticed for 

so long (Copeman 1964, 152; Aceves-Avila et al. 2001, 752): “The term “rheumatic 

gout” is given … to a disease having a peculiar pathology in no way related to gout, 



 76 

and not necessarily to rheumatism, … Perhaps Rheumatoid Arthritis would answer the 

object; by which term I should imply an inflammatory condition of the joints not unlike 

rheumatism in some of its characters, but differing materially from it.” Sir A.B. Garrod 

1859 (cited in Copeman 1964,152) 

 This work heralded the start of studies on rheumatoid arthritis as a disease, 

distinguishable from other forms of arthritis. Unlike osteoarthritis, which has been 

described by many different terms, “rheumatoid arthritis” has been known under this 

name since 1859 (Aufderheide and Rodríguez-Martín 1998). Prior to this time, it was 

likely classified under the term gout, as were many arthritic diseases before more 

precise classification began in the seventeenth century (Copeman 1964). 

 

3.1.2. Characteristics	  
Rheumatoid arthritis is a progressive autoimmune disease that fluctuates 

between painful and relatively pain-free phases. Its cause is unknown and the disease is 

variable in expression.  Currently there is no cure, and thus the main focus of clinical 

research lies on the nature of the disease and pain management (Abdel-Nasser et al. 

1997, 123; Bucala 2011, 1770; Resnick and Kransdorf 2005, 226). In the clinical, unlike 

palaeopathological, literature studies on rheumatoid arthritis are numerous. The main 

focus of published research lies on gene therapy, DNA and immune studies. The 

“Arthritis Foundation” is a sponsor of new research and its main foci are: finding new 

and innovative treatments for rheumatoid arthritis, improving early detection and 

intervention and efficacy of treatment (arthritis.org: 11/02/2011). 

 Rheumatoid arthritis begins as an immune defect and results in articular disease, 

but can also be accompanied by other non-articular symptoms such as bursitis or 

tenosynovitis, which reflect inflammation of soft tissue around the joint. The synovial 

joints of the appendicular skeleton are most susceptible to an attack by rheumatoid 

arthritis, in particular the hands, feet, wrists, knees, elbows and shoulder joints. In the 

axial skeleton the upper cervical spine is most commonly affected (Figure 3.1; 

Brasington Jr 2007, 763; Chandrashekara and Sachin 2012, 239; Resnick and Kransdorf 

2005, 227; Waldron 2009, 49).  
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Figure	  3.1	  Common	  distribution	  of	  pathological	  features	  in	  rheumatoid	  arthritis	  (drawing	  by	  D.	  Craps).	  

 
 Clinical studies have shown how the disease tends to evolve; however the 

amount of variability between individuals is also remarkable. The disease onset can be 

acute and abrupt or gradual and insidious, and its progress is equally variable as 

rheumatoid arthritis can be short and episodic or progressive and prolonged. The most 

commonly affected joints early in the disease process are the wrists, 

metacarpophalangeal joints, ankles or metatarsophalangeal joints. Pathological joint 

changes are always symmetrical, but can be mono-articular in the early stages. The 

severity of the disease ranges from mild to severe and can be accompanied by 

symptoms such as general weakness, lack of appetite or fever. In approximately 10-30% 

of cases the disease can go into remission. These facts show that rheumatoid arthritis 

has general similarities across different cases, but the disease can affect individuals 

variably (Burgener et al 2006, 133; Gordon and Hastings 1994, 3.4.5.; Schaeverbeke et 

al. 2012, 550; Waldron 2009, 49-50). In a palaeopathological context, usually only the 

later stages of the disease are recognised when the bones are severely eroded and 

lesions can be more accurately diagnosed. Ideally, efforts should be made to identify 

early onset rheumatoid arthritis and the skeletal parameters that can define it, but at 

present there is a minimal understanding within the palaeopathological and even clinical 

literature of the early disease process.  

The “American Rheumatism Association” first proposed the clinical criteria for 

the diagnosis of rheumatoid arthritis in 1956, they were then revised in 1987 by the 

same association, and finally in 2010 more sensitive diagnostic criteria were proposed 
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to identify the early stages of the disease in a collaborative initiative by the American 

College of Rheumatology and the European League Against Rheumatism (Aletaha et al. 

2010, 2570; Aletaha and Radner 2013, 854; Arnett et al. 1988, 315; Lawrence 1994, 

3.3.1.). The diagnostic criteria from 1987 consisted of at least one hour of morning 

stiffness, the presence of arthritis in at least three joint areas with swelling or fluid 

accumulation (criteria must be present for at least six weeks), the presence of arthritis in 

hand joints (at least one area swollen in a wrist, MCP or PIP joint; criteria present for at 

least six weeks), a symmetrical joint swelling and involvement (criteria present for at 

least six weeks), the presence of subcutaneous nodules (a small nodule located beneath 

the skin, but not in contact with the underlying bone), the typical radiographic changes 

of rheumatoid arthritis and finally a positive rheumatoid factor in the blood. The 2010 

revised criteria for detecting the disease at an earlier stage and preventing major 

structural damage consisted of the presence of definite rheumatoid arthritis related 

synovitis in at least one joint. A total score of six out of ten in number of sites involved 

(0-5), serologic abnormality (0-3), elevated acute-phase response (0-1) and duration of 

symptoms (0-1) had to be reached in order to diagnose early rheumatoid arthritis. From 

these clinical diagnostic criteria it is possible to deduce that the presence of osteological 

changes is important, but that there are also symptomatic and soft tissue-related criteria 

necessary for a diagnosis. 

 The above clinical diagnostic criteria are clearly not all applicable in a 

palaeopathological setting. It is thus necessary to deduce which criteria can be possibly 

used in palaeopathology, and how these can be related to the clinical context. Table 3.1 

provides an overview of the clinical and radiographic signs of rheumatoid arthritis and 

then summarises which of these signs can be seen on the bone and thus potentially in a 

bioarchaeological context. The only osteological changes that are present in the bone 

are osteoporosis, marginal erosions that reach into the centre of the joint, subchondral 

cysts, bony ankylosis and potential deformities. An illustration from 

arthritisresearchuk.org (15/03/2011) shows a joint that is affected by severe changes, 

but the only osteological feature represented are marginal erosions (Figure 3.2).  
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SIGNS	  OF	  RHEUMATOID	  ARTHRITIS:	  

à	  

What	  we	  can	  see	  on	  
the	  bone?	  PATHOLOGICAL	   RADIOGRAPHICAL	  

	  
-‐	  Soft	  tissue	  swelling:	  
synovial	  inflammation	  and	  
production	  of	  fluid.	  
	  
-‐	  Regional	  osteoporosis	  
	  
-‐	  Pannus	  destruction	  of	  
cartilage:	  diffuse	  loss	  of	  
joint	  space	  
	  
-‐	  Pannus	  destruction	  of	  
unprotected	  bone:	  
marginal	  and	  central	  
erosions	  
	  
-‐	  Fibrous	  and	  bony	  
ankylosis	  

	  
-‐	  Soft	  tissue	  swelling	  
and	  widening	  of	  the	  
joint	  space.	  
	  
-‐	  Osteoporosis	  
	  
-‐	  Marginal	  bony	  
erosions	  
	  
-‐	  Bony	  erosions	  and	  
formation	  of	  
subchondral	  cysts.	  
	  
-‐	  Bony	  ankylosis	  
	  
-‐	  Deformity,	  
subluxation,	  
dislocation,	  fracture,	  
fragmentation	  and	  
sclerosis.	  

	  
	  
	  
	  
	  
-‐	  Osteoporosis	  
	  
-‐	  Marginal	  and	  central	  
erosions	  
	  
-‐	  Subchondral	  cysts	  
(radiograph	  or	  broken	  
bone)	  
	  
-‐	  Bony	  ankylosis	  
	  
-‐	  deformity,	  
subluxation,	  fracture,	  
dislocation,	  sclerosis	  …	  
provided	  the	  joint	  
remained	  in	  use	  

Table	  3.1	  The	  pathological	  and	  radiographic	  signs	  of	  rheumatoid	  arthritis	  and	  the	  changes	  visible	  on	  
dry	  bone	  (Based	  on	  Resnick	  and	  Kransdorf	  2005,	  p.209).	  
 

 

 
Figure	  3.2	  Drawing	  of	  a	  joint	  affected	  by	  rheumatoid	  arthritis;	  arrows	  indicate	  bone	  erosions	  (drawn	  
by	  D.	  Craps	  based	  on	  an	  image	  from	  ©from	  http://www.arthritisresearchuk.org/arthritis-‐
information/conditions/rheumatoid-‐arthritis/what-‐is-‐rheumatoid-‐arthritis.aspx;	  consulted	  
15/03/2011).	  
 

 The characteristics of rheumatoid arthritis in palaeopathological case studies were 

described by Rogers and Waldron (1995, 63) in their field guide to joint disease. The 

main features included: the fact that the disease is non-proliferative, the presence of 

symmetrical marginal erosions and osteoporosis. Bony ankylosis is uncommon but the 
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carpus can in some cases be affected by it. The most commonly affected joints are the 

proximal interphalangeal, metacarpophalangeal and metatarsophalangeal joints. Other 

affected joints are the wrist, knee, shoulder, sub-talar joint, cervical spine, elbow and 

hip. The sacro-iliac joint is usually spared from degeneration. In order to make a 

diagnosis the hands and feet must be present (Figure 3.3; Figure 3.4). 

 
Figure	  3.3	  Image	  of	  untreated	  rheumatoid	  arthritis	  in	  the	  hand.	  Image	  from	  commons.wikimedia.org,	  
attributed	  to:	  	  "Rheumatoid	  Arthritis"	  by	  James	  Heilman,	  MD	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY-‐SA	  
3.0	  via	  Wikimedia	  Commons	  -‐	  
http://commons.wikimedia.org/wiki/File:Rheumatoid_Arthritis.JPG#/media/File:Rheumatoid_Arthrit
is.JPG.	  (Consulted	  18/04/2015)	  
 

 
Figure	  3.4	  Radiograph	  of	  a	  hand	  affected	  by	  rheumatoid	  arthritis.	  Deformation,	  erosions	  and	  
demineralisation	  of	  the	  bone	  are	  observable.	  Image	  from	  commons.wikimedia.org,	  attributed	  to:	  
"RheumatoideArthritisAP"	  by	  Bernd	  Brägelmann	  Braegel	  Mit	  freundlicher	  Genehmigung	  von	  Dr.	  
Martin	  Steinhoff	  -‐	  Own	  work.	  Licensed	  under	  CC	  BY	  3.0	  via	  Wikimedia	  Commons	  -‐	  
http://commons.wikimedia.org/wiki/File:RheumatoideArthritisAP.jpg#/media/File:RheumatoideArth
ritisAP.jpg.	  (Consulted:	  18/04/2015)	  	  
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 Despite the availability of this list of palaeopathological features for the disease, 

its diagnosis in archaeological remains is problematic. Skeletal changes can be subtle in 

the early stages and palaeopathologists are often dealing with incomplete skeletons and 

bones that have undergone post-mortem changes (Wood et al. 1992, 357). The disease 

picture can be complicated by osteoarthritis changes too. In the past decades a lot of 

case studies have been published (discussed in section 3.3.1), but these have never been 

brought together in a comparative study.  

 

3.1.3. Clinical	  Research	  
 When pursuing a holistic approach to palaeopathological research it is important 

to consider the clinical context and its application to the palaeopathological record. The 

following sections will examine the aetiology of the disease and its epidemiology and 

evaluate the clinical contribution to palaeopathological rheumatoid arthritis research.  

 

3.1.3.i. Aetiology	  

 Despite on-going intensive research projects in modern clinical settings, the cause 

of rheumatoid arthritis remains unknown. Current clinical research assumes that 

approximately 50% of the disease aetiology lies in genetics. It is part of a group of 

conditions known as autoimmune diseases with a complex multifactorial aetiology 

combining genetic and environmental factors in its causation; however the exact impact 

of each of these factors is currently unknown. What has been established is that climate 

and geography do not appear to influence the onset of the disease, as they may do in 

other arthropathies (Alamanos and Drosos 2005, 133; Edwards and Cooper 2005, 1; 

McInnes and Schett 2011, 2205; Wordsworth and Pile 1994, 3.8.1).  

 In modern clinical research, rheumatoid arthritis has been found in all parts of the 

world and has been identified in every ethnic group (Alamanos and Drosos 2005, 132; 

Bucala 2011, 1770; Lawrence 1994, 3.3.2.). Evidence for the involvement of genetic 

factors in its appearance can be found in the study of antigens. Unlike the seronegative 

spondyloarthropathies (like ankylosing spondylitis) that are related to the HLA-B27 

antigen, rheumatoid arthritis has a strong association with HLA-DR4 in Caucasian 

populations, while DR1 is associated with other populations (Thomas and Cope 2013, 

840). It has been suggested that the presence of this so-called “rheumatoid factor”, 

HLA-DR4 and HLA-DR1, may be an indicator of a more severe disease-course (Abdel-

Nasser et al. 1997, 127). However, the antibodies for rheumatoid arthritis can be present 

in the system years before the disease becomes clinically apparent, thus indicating the 



 82 

impact of certain environmental factors in the onset of the disease (Edwards and Cooper 

2005, 3).  

 While it is estimated that 1% of the world population is affected by rheumatoid 

arthritis there are certain population groups, especially Native Americans, for whom 

prevalence rises to almost 5% (Abdel-Nasser et al. 1997, 125; Deane 2012, 1709; 

Ferucci et al. 2004, 663; Wordsworth and Pile 1994, 3.8.2.). Studies from Taiwan and 

South Africa have shown a relationship with urbanization, but the exact influence of the 

urban environment on the prevalence of the disease is unknown. Prevalence in Asian 

populations appears to be equal to Caucasian populations, but in rural Africans the 

prevalence is low (Abdel-Nasser 1997, 125; Chou et al. 1994, 305; Tobon et al. 2010, 

11, 13). Factors other than genetics that have been examined in the search for 

rheumatoid arthritis aetiology are: age and sex, hormonal factors, ethnicity, 

environmental influences, smoking, diet and others. The exact influence of all of these 

factors is still not well understood, yet clinical research continues its search into this 

complex matter (Edwards and Cooper 2005, 1; Stolt et al. 2003, 839; Thomas and Cope 

2013, 840-1; Tobon et al. 2010, 12-3).   

 Demineralisation of the bone is a common feature in rheumatoid arthritis, but 

clinical research has indicated that pregnancy and menopause, where demineralisation 

can occur, are not necessarily influencing factors. The higher immune response during 

pregnancy and breastfeeding seems to protect women from attacks of the disease. 

Similarly, the hormonal changes associated with menopause do not appear to have a 

significant role in the development of rheumatoid arthritis (Barrett et al. 1999, 1226-7; 

Merlino et al. 2003, 80; Resnick and Kransdorf 2005, 218).  

 Taking these clinical considerations into account might help in elucidating the 

paucity of evidence for rheumatoid arthritis in archaeological assemblages, but more 

information from the historical and archaeological record must be included in this 

explanation.  

 

3.1.3.ii. Epidemiology	  

 Modern clinical studies have attempted to provide an accurate estimate of 

rheumatoid arthritis prevalence. However, this is a difficult task as long-term follow-up 

studies are needed, but are not always possible. The Rochester, Minnesota study is one 

of the longest research projects into the epidemiology of the disease and ran from 1955 

to 1985, including a total of 425 individuals (Gabriel et al. 1999, 415). The study found 

an overall incidence rate of rheumatoid arthritis of 75.3 per 100,000 people and at its 
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end, on January 1st 1985 it was 1,073 per 100000 in a 96% white population, 

suggesting an increase with age. Women had almost double the prevalence compared to 

men and interestingly the disease incidence was dynamic (it was higher in some years 

and lower in others), which led the authors to conclude that environmental factors 

definitely played a role in rheumatoid arthritis, but they could not pinpoint specific 

influences (Gabriel et al. 1999, 419-20).  

 Prevalence tends to vary between populations, as is stated in the previous section. 

In Caucasian adult populations from Canada, the USA and certain areas of Europe the 

prevalence is estimated at 1%, but a low prevalence has been found in rural African 

populations and a much higher prevalence in Native American populations, as was also 

evidenced by studies of the genetics of the disease (Deane 2012, 1709; Feist and 

Burmester 2013, 858; Lawrence 1994, 3.3.2.; Ferucci et al. 2004, 662). The difference 

between populations is clear when comparing a Finnish population, 40 of 10,000 cases 

per year, with the 1955 Rochester Minnesota results, 75.3 of 100,000 cases per year, 

and finally the Pima Native Americans, with 297 male and 815 female of 100,000 cases 

per year (Del Puente et al. 1989, 1170; Aho et al. 1998, 325). In a UK study, based in 

East Anglia, 345 cases of rheumatoid arthritis were reported between 1990 and 1992. 

The research attempted to find a time or space clustering of them, but this proved to be 

unsuccessful. In 2002 in the UK, the overall minimum prevalence of rheumatoid 

arthritis was 1.16% in women and 0.44% in men (Silman et al. 1997, 630; Symmons et 

al. 2002, 793). It is clear from the previous information that the epidemiology of the 

disease is by no means straightforward and that population differences and dynamic 

disease prevalence rates further complicate the situation. 

 

3.1.3.iii. The	  Contribution	  of	  Clinical	  Research	  to	  Palaeopathology	  

 Not all diseases leave traces on bones for palaeopathologists to examine, butjoint 

diseases are usually progressive and will, after causing soft tissue damage around the 

joint, affect the underlying cartilage and bone (Rogers and Waldron 1995, 8; Ortner 

2003, 37; Waldron 2009, 1). Clinical research can assist the palaeopathologist in 

understanding disease progression, when what they see is a stage preserved on the bone.  

 Research from the medical profession that is of particular importance to 

palaeopathology is that which focuses on the bone changes through radiographic or 

MRI imaging techniques. These can give insight into the early changes on bone, which 

can then help to identify early onset rheumatoid arthritis in archaeological collections 

(Lagier 2006, 127; McGonagle et al. 1999). Erosive lesions were found to be part of the 
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early stages of disease, with up to 70% of patients developing erosions in the first year 

of disease progression and 10% within eight weeks of disease onset (Machold et al. 

2007, 342; McGonagle et al. 1999, 1706). With the evolution of medical imaging 

techniques, such as MRI and CT scans, more detailed information of the osteological 

and soft tissue changes is now available. One study demonstrated that for several 

individuals the metacarpophalangeal joints MRI showed 77 erosions, CT scans showed 

62, whereas radiography only picked up 12 erosions (Moller Dohn et al. 2007, 1388). 

The same pattern is found in the wrist where MRI detected 45% of erosions and 

radiography only found 12% within four months of disease diagnosis. After a year the 

detected erosions were present in 75% on MRI and only 29% in radiography (McQueen 

et al. 2001, 866-7). 

 The discovery of the ‘rheumatoid factor’ by Waaler in 1939 was an important 

evolution in the study of rheumatoid arthritis, as its presence in the blood predicts a 

more destructive and aggressive course of disease. About 80% of people with the 

disease have the rheumatoid factor in their blood (Firestein 2003, 356). As techniques in 

palaeopathology improve, it could perhaps be possible in the future to examine the 

immunological status of an individual or to check for specific joint disease pathogens 

using ancient DNA analysis.  

 

3.2. The	  History	  of	  Rheumatoid	  Arthritis	  

 The history of rheumatoid arthritis is an interesting and much debated topic. It’s 

first official description in 1800 marks, for many, the official recognition of the disease. 

The following section will provide an overview of the debate on the antiquity of 

rheumatoid arthritis. The Post-Medieval period spans the past 500 years, and for the last 

200 years there is undisputed evidence for the existence of the disease. What of the 

disease in the centuries before 1800? Was rheumatoid arthritis present and can it be 

discovered in past societies? These questions will be explored below, but first a review 

of the medical historical evidence and an exploration of medical thought and theory will 

be presented, followed by a discussion and interpretation of the historical (non-medical) 

evidence. The final two sections will present a short overview of evidence for 

rheumatoid arthritis in the visual arts and in historical figures.   

 

3.2.1. The	  Debate	  on	  the	  Antiquity	  of	  Rheumatoid	  Arthritis	  

 Until the 1950s the antiquity of rheumatoid arthritis had not been questioned. 
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Snorrason (1952, 116) challenged this belief by stating that the disease did not occur in 

European people before the end of the eighteenth century. Since then several authors 

made a case for the recent origin of rheumatoid arthritis based on the absence of early 

evidence. Short (1974, 204) argued that even though early medical authors have 

described arthritis in general, rheumatoid arthritis in particular was never differentiated.  

 Other authors have observed that this may be a consequence of a lack of accurate 

diagnostic techniques rather than the absence of the disease. For example, Aceves-Avila 

et al. (2001, 751) stated that the existence, before the nineteenth century, of systemic 

lupus erythematosus, a systemic autoimmune disease that can affect any part of the 

body, was not questioned despite the same lack of written evidence. It is interesting to 

point out the fact that the antiquity of gout is not questioned either, even though 

palaeopathological studies on gout are scarce. This may be because the word gout has 

been around since Hippocrates (c.460 – c.370 BC) and Galen (AD 129 – c.200/216) 

(Copeman 1964, 1). The interpretation of early medical writing is not a straightforward 

endeavour, and it is closely related to context-specific beliefs about the body and related 

cosmologies (Mitchell 2011).  

 A recent article by Entezami et al. (2011, 8) summarises the debate on the history 

of the disease by stating that there are currently three theories: 

- The Recent Origin Theory: as stated by Short (1974) and Snorrason (1952) that 

the disease originated in the Modern Era. 

- Ancient Origin Theory: The disease did exist among our ancestors but has never 

been properly characterised 

- New World to Old World Theory: championed mainly by Rothschild et al. 

(1990, 1992), which states that the disease originated in Native Americans and 

was later passed to Europeans post-Contact. 

 

 Another suggestion with regards to the debate on the antiquity of the disease was 

made by Short (1974, 204) and is often overlooked in research quoting this study. He 

stated that rheumatoid arthritis could have evolved from another seronegative 

spondyloarthropathy, like ankylosing spondylitis. There has been limited subsequent 

work to test this theory, but an article by Klepinger (1979, 119) discussed a male 

skeleton from Sicily, Italy, dating to the Hellenistic period (330-210 B.C.) with mainly 

proliferative changes, and made a case for a transitional disease pattern between 

ankylosing spondylitis and rheumatoid arthritis. While it is possible for patients to 

develop both conditions simultaneously, this tends to occur in men who are already 
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suffering from ankylosing spondylitis (Fallet et al. 1976, 804; Gordon and Hastings 

1994, 3.4.9.; Luthra et al. 1976, 111).  

 The disease pattern of ankylosing spondylitis is inherently different from 

rheumatoid arthritis. The individuals affected have the HLA-B27 antigen and the 

disease most commonly affects the sacro-iliac joints and the spine. While some erosive 

lesions can be present in the peripheral joints, the proliferation and ossification of 

ligaments and entheses is common in this condition and contrasts with the non-

proliferative nature of the bony changes observed in rheumatoid arthritis (van der Horst-

Bruinsma et al. 2009, S43). Furthermore, recent clinical research has found it more 

likely to confuse psoriatic arthritis with rheumatoid arthritis (Aletaha and Radner 2013, 

852-3; Waldron 2009, 63). In this research the rheumatic diseases are as different 

entities because the focus here is not to find a common denominator for these diseases, 

but rather to make an in-depth investigation into the palaeopathology and social context 

of rheumatoid arthritis. 

 
3.2.2. Clinical	  and	  Historical	  Written	  Evidence	  

 An important anchor point in the history of rheumatoid arthritis is its first, 

officially recognised, description in clinical literature by Augustin Jacob Landré 

Beauvais in his medical doctorate dissertation in 1800. He did not use the term 

rheumatoid arthritis, but referred to it as goutte asthénique primitive. This terminology 

indicated the problem with gout being used as a common denominator for arthritic 

diseases (Landré-Beauvais and Kahn 2001, 132). While working in the Salpétrière 

hospice, a care home for poor women suffering from chronic conditions, he noticed an 

affliction that was similar to gout but did not follow the same pattern. In his dissertation 

he compared the symptoms of this disease to the then known types of gout, and 

presented nine case studies of women who were treated at the hospice or were the 

subject of dissections (Copeman 1964, 150; Landré-Beauvais and Kahn 2001, 140).  

 The dissertation provided a unique insight into the medical beliefs and practices of 

the early nineteenth century. Landré-Beauvais took a radical new approach by stating 

that bloodletting and leeches were not effective in the treatment of this disease and new 

treatment options were necessary (Landré-Beauvais and Kahn 2001, 142). His detailed 

and systematic description of the disease, and use of case studies, represented a 

departure from the old Galenic system of the four humors and a way of putting the new 

medical Enlightenment theory into practice. It is interesting that after writing this 

dissertation neither Landré-Beauvais nor other medical professionals of his age 
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investigated rheumatoid arthritis further.  

Contemporaneous English physicians were probably not aware of this dissertation 

and thus credited Heberden and Haygarth with the discovery of rheumatoid arthritis. 

Some years later, Robert Adams stimulated interest in the condition amongst the British 

medical world in his 1857 work Treatise on Rheumatic Gout or Chronic Rheumatic 

Arthritis of All the Joints. It is only in the second half of the nineteenth century that 

Charcot and Garrod Junior recognised the earlier contribution of Landré-Beauvais.  

In 1853 Jean Martin Charcot described the main characteristics of rheumatoid 

arthritis in his doctoral dissertation on the disease Goutte Asthénique Primitive. He 

provided drawings of the typical finger deformities and a clinical description of the 

disease. As mentioned in the section on terminology (3.1.1), it was eventually Sir 

Alfred Baring Garrod who coined the term “rheumatoid arthritis” in 1859 (Aceves-

Avila et al. 2001, 752-3; Copeman 1964, 151-2; Fraser 1982, 335; Short 1974, 193; 

Uhlig 2011, 146-7). 

An important limitation in the interpretation of clinical historical research is that 

early medical writing is cryptic and interpretations of past diagnoses are tentative. 

Hippocrates (460-370 BC) described gout and rheumatic fever, but also a type of 

arthritis that usually developed around the age of 35, attacked the hands and feet first 

and then continued on to the other joints such as the elbows, knees and hips. Copeman 

(1964, 144-5) thought it likely that Hippocrates was describing rheumatoid arthritis here. 

In the Caraka Samhita, a medical text from India dating between 500BC-100AD, an 

account of chronic symmetrical polyarthritis with subcutaneous nodules and eventual 

deformation of the limbs was described, which fits with the clinical expression of 

rheumatoid arthritis (Aceves-Avila et al. 2001, 752). Scribonius Largus, the chief 

medical officer to Julius Caesar, wrote of a “chronic polyarthritis that chiefly occurs in 

elderly women” (Aceves-Avila et al. 2001, 751; Buchanan and Kean 2001, 3; Copeman 

1964, 145; Short 1974, 196). Aretaeus, a clinician from Cappadocia (81BC-38AD), 

described a polyarthritis in phases, which could be interpreted as either polyarticular 

acute gout or rheumatoid arthritis. Finally, Soranus of Ephesus (98-138AD), in his 

treatise On Chronic Disease, described a polyarthritis commonly found in middle-aged 

men affecting the hands and feet, causing these to become twisted or turned backwards, 

accompanied by immobility and morning stiffness. Aside from the demographic data 

this could either be a description of rheumatoid arthritis or acute attacks of gout with 

discharging tophi (Buchanan and Kean 2001, 3).  

In 1900 James Mooney published a report that sets into writing the myths of the 
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Cherokee, a Native American people from the South-eastern United States. In their 

origin or cosmogonic myths, rheumatism is mentioned when describing the origins of 

disease. It is said that when men expanded their settlements and started to encroach 

upon animal territory, the animals held a great council where measures were decided to 

ensure their safety. When the deer met they decided that any hunter who killed one of 

them without asking for their pardon would be struck down by rheumatism. The myth 

mentioned that if the hunter does not ask for a pardon he would become “at once a 

helpless cripple” (Mooney 1900, 21). It is interesting that the myths report rheumatism, 

as genetic and epidemiological studies have shown that rheumatoid arthritis is common 

in Native American populations. 

When tracing the history of rheumatoid arthritis through medical writing before 

the nineteenth century it is necessary to be mindful of the evolution of medical theory 

and research. The Galenic system of the four humours remained highly influential until 

the 1800s. Galen, a physician working the second and third century AD, developed a 

theory based on the belief that the body consisted of four humours that must remain in 

balance, and any imbalance of the humours should be treated by increasing the 

opposing humour (Dieppe 1988, 84-5; Kusukawa 2004, 5-7). While Galen did classify 

joint diseases according to joint affected (for example podagra for arthritis of the foot) 

and originated the term “rheumatism”, the latter did not mean what it means today. In 

Galen’s work On the Preservation of Health he wrote about a disease that has been 

theorised to be rheumatoid arthritis: “Is it not disgraceful that a person should, by 

reason of that extraordinary thing arthritis, be unable to use his hands to perform his 

toilet necessities for him … And even if one overlooks the disgraceful aspect of this, yet 

one cannot overlook the pain these people suffer, night and day, as though their 

maladies were torturers twisting them on the rack …  And the cause of all this must be 

referred to dissipation or ignorance or both.” Galen, On the Preservation of Health 

(cited in Dieppe 1988, 85) 

 This description can be interpreted in different ways and does not necessarily refer 

to rheumatoid arthritis, but it does show some resemblance to modern descriptions. 

There were no references to joint disease or rheumatoid arthritis in the Bible and only 

vague allusions to “gout” in the works of Shakespeare (Watson Buchanan and 

Dequecker1994, 4; Yeap 2009, 344).   

The next known written description of a condition that may be interpreted as 

rheumatoid arthritis did not occur until centuries later. Thomas Sydenham, a 

seventeenth century clinician wrote a treatise on gout - a condition from which he 
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suffered - and attempted a rudimentary classification of the “scorbutic rheumatisms”, 

expressions that were different from gout (Ackerknecht 1992, 122-3; Buchanan and 

Kean 2001, 4; Storey et al. 1994, 557; Uhlig 2011, 146). Sydenham offered a 

description in his book Observationes Medicae (1676) that could be compared to one of 

the classic deformities present in rheumatoid arthritis, swan-neck deformities (deformed 

position of the fingertip, permanently bent towards the palm), after observing it in one 

of his patients with a form of rheumatism differing from gout (Aceves-Avila et al. 2001, 

752). In the early seventeenth century physicians believed that joint pains could have 

three different causes: an imbalance in the humours, an infectious disease such as 

syphilis, or ageing (Ehrlich 1987, 80).  

 The humoral theory of medicine dominated western medical practice from Galen 

(c.130-210AD) until the Enlightenment. Only with the arrival of the Renaissance was it 

possible for medical theorists to innovate and question the Galenic medical system and 

in the seventeenth century theoretical medical writing started to focus on observation, 

empirical classification and the differentiation of diseases  (Ackerknecht 1992, 96, 124). 

This innovation continued over the following centuries as the Enlightenment allowed 

medical observation to further evolve; however it did not reach medical practice until 

the early nineteenth century. This evolution of medical thought and writing could then 

be an explanation for the fact that the first officially accepted clinical description of 

rheumatoid arthritis was not made until 1800. It is important to take into account when 

looking at old medical writings that even in modern day practice it is still challenging to 

make diagnoses in the early stages of arthritic illnesses. We should not therefore expect 

clear descriptions from ancient writers who were bound by cultural and medical 

traditions that were not grounded in observation and classification. 

 
3.2.3. The	  Visual	  Arts	  

 Attempts have been made to trace the history of rheumatoid arthritis through the 

visual arts. It is however vital, when conducting this type of research, to remember that 

the essence of fine arts is not mimesis, but expression. When using art to detect medical 

conditions, the painting or sculpture under examination is a subjective representation 

bound by artistic canons and, in the end, a personal expression by the artist (Mitchell 

2011, 81; Philippot 1987, 12; Watson Buchanan and Dequecker 1994, 1.6.3.). 

 Short (1974, 204) commented on the absence of rheumatoid arthritis in painting 

and sculpture before 1800. There is however a rational explanation for this, realistic 

observation of the human form was not necessarily a goal of art before this time and art 
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was bound by artistic conventions that from the Renaissance onwards would be 

challenged (Ackerknecht 1992, 128). Human dissection, which would have allowed the 

observation of bone changes, was also not legal until the 16th century in England and 

thus also limited knowledge (Mitchell 2011). The art style known as Realism originated 

around 1850 and was an attempt to create objective representations of the world. 

Renaissance art started a liberation from Christian ideals, and reinvented Greek and 

Roman images. In the following centuries people were portrayed as individuals, not 

stereotypes. Strangely the Realism style co-existed with the Neoclassic revival, where 

Greek and Roman idealism was once again revered. With realistic representation and 

anatomical observation came the depiction of medical conditions experienced by the 

subjects of the artworks (Rubin 2000, 269; Yeap 2009, 343-4). 

 Dequecker (1977, 1203), a Belgian rheumatologist, conducted an examination for 

signs of rheumatoid arthritis in paintings by Flemish masters between the period of AD 

1400-1700, such as Jan Rombouts, Justus van Gent, Jacob Jordaens and Jan Gossaert. 

He focused on the hands and took into consideration the possibility that certain artists 

had a particular style for portraying hands. Dequecker (1977, 1203) identified five 

paintings with deformities that could be interpreted as rheumatoid arthritis, and his later 

research identified several more paintings (Table 3.2). According to Dequecker (1977, 

1205) it was not surprising that evidence for rheumatoid arthritis before 1800 was found 

in Flemish paintings, as these artists had a love for realism, both in nature and in 

physical form, and so they depicted their subjects with physical disabilities 

 

Painter	   Time	   Painting	  
Jan	  Van	  Eyck	   1441	   John	  IV.	  Duke	  of	  Brabant	  
Unknown	  Southern	  French	  Master	   ca.	  1470	   Avignon	  Pieta	  
Joost	  (Justus)	  van	  Gent	   1465-‐1474	   Federigo	  de	  Montefeltre	  
M.	  van	  Heemskerck	   1498-‐1574	   Altar	  Panels	  with	  Donors	  
Jan	  Rombauts	   ca.	  1500	   Christ	  appearing	  to	  St	  Peter	  
Jan	  Gossaert	   1525	  -‐	  1530	   The	  donators	  
Jacob	  Jordaens	   1621-‐1622	   The	  painter’s	  family	  
Table	  3.2	  Paintings	  identified	  to	  have	  potential	  rheumatic	  hands	  (Dequecker	  1977,	  1991).	  
  
 Jan Van Eyck (ca. 1390-1441) was one of the Flemish masters who elevated 

painting to a new level. His images of people were some of the most life-like at this 

time. Van Eyck was one of the first great portrait painters and focused on descriptive 

physical individuality rather than interpretation. His works had an accuracy that, when 

considering the art of the time, was almost photographic (Dequeker 1991, 220; Honour 

and Fleming 2005, 434; Philippot 1987, 12). Two of his works were of interest in this 
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study: a drawing of the Duke of Brabant and a painting of the Canon van der Paele ‘The 

Virgin with the Canon’ (Dequecker 1987, 32-3). The hands of the Duke show 

deformities that resemble swan-neck and boutonniere deformities of the right fingers 

(Figure 3.5; Yeap 2009, 344).  

 

  
Figure	  3.5	  Typical	  deformities	  in	  rheumatoid	  arthritis	  (Drawing	  by	  D.	  Craps,	  based	  on	  ©	  
http://www.merckmanuals.com/home/bone_joint_and_muscle_disorders/hand_disorders/hand_an
d_finger_deformities.html;	  12/03/2011).	  
 

 

 In Van Eyck’s painting of the Canon the arteries on the temporal bone were 

enlarged and there was some scar tissue visible, which could be indicative of 

polymyalgia rheumatica, a rheumatic inflammation that affects the shoulder girdle and 

hips and is associated with temporal arteritis (Figure 3.6). This potential diagnosis was 

strengthened by historical records that stated that the Canon suffered from morning 

stiffness and was eventually forced to stay at home, unable to fulfil his duties 

(Dequecker 1987, 32-3).  
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Figure	  3.6	  Canon	  Van	  Der	  Paele	  in	  painting	  by	  Van	  Eyck	  "The	  Virgin	  with	  the	  Canon".	  (Image	  no	  longer	  
under	  copyright;	  from	  
http://commons.wikimedia.org/wiki/File:Jan_van_Eyck_The_Madonna_with_Canon_van_der_Paele.j
pg;	  consulted:	  20/03/2011).	  
   
 One of the most convincing examples presented by Dequecker (1977, 1203) was a 

painting by Jacob Jordaens of ‘The Painter’s family’ (1621-1622). The maid in this 

painting shows swellings at the metacarpophalangeal joints, the proximal 

interphalangeal joints and at the wrist (Figure 3.7). 
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Figure	  3.7	  Jacob	  Jordaens	  "The	  Painter's	  Family".	  Image	  no	  longer	  under	  copyright;	  from	  
http://en.wikipedia.org/wiki/Jacob_Jordaens#/media/File:The_Family_of_the_Artist_by_Jacob_Jord
aens.jpg;	  consulted:	  20/03/2011).	  
 

 Other authors have cited this particular painting as a good example of rheumatoid 

arthritis in the visual arts (Aceves-Avila 2001, 752; Buchanan and Kean 2001, 4). The 

painting dates to 1621-1622 and Thomas Sydenham first made a tentative description of 

the disease in 1676, thus providing tentative evidence that the affliction could have been 

present before its official description in 1800. An important fact is that the person 

showing the deformities is the female maid. How often did medicine, or art for that 

matter, take into account the lower classes and specifically lower class females? This 

could this be another contributory factor to the ‘invisibility’ of rheumatoid arthritis in 
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the Old World.  

 Dequecker (1991, 216-7) identified several other paintings showing hand 

deformities and, although the examples were convincing when compared to hand 

photographs of modern rheumatoid arthritis patients, identification must remain 

tentative. The condition shown in these paintings was often restricted to one hand, or 

only one hand was depicted, so symmetrical involvement cannot be verified. Dequecker 

(1991, 220) recognised this problem and clearly stated that the pictorial evidence does 

not give irrefutable proof, but it does indicate a presence of a polyarthritis. 

 Peter Paul Rubens (1577-1640), also painted realistic pictures depicting hand 

deformities (Table 3.3; Appelboom 2005, 681). 

 
Date	   Painting	  

1609	   Saint	  Matthew	  
1610	   The	  Drunken	  Sleeping	  Satyr	  
1614	   Suzanna	  and	  the	  Elders	  
1615	   Between	  Christ	  and	  the	  Virgin	  
1633-‐1635	   The	  Holy	  Family	  with	  St	  Anne	  
1630	   Hélène	  Fourment	  Holding	  a	  Glove	  
1638	   The	  Three	  Graces	  

Table	  3.3	  Paintings	  by	  Peter	  Paul	  Rubens	  showing	  hand	  and	  wrist	  deformities	  (Appelboom	  2005,	  681-‐
682;	  Yeap	  2009,	  344-‐345).	  
 
 Not all of the examples from Rubens will be discussed here, which instead 

focuses on the painting of “The Three Graces”. The Grace on the left showed a strange 

deformation of the fingers on the right hand. According to Appelboom (2005, 681) the 

fingers were both bent and in hyperextension, a position that was impossible for a 

normal hand (Figure 3.8). The suggestion was that either the model for this figure had 

suffered an accident to the hand, or she was affected by rheumatoid arthritis. Another 

theory was that the painter himself suffered from rheumatoid arthritis and that he 

represented his own hands in some of these paintings, as his condition worsened 

(Appelboom 2005, 682; Appelboom et al. 1981, 483; Dequeker 2001, 894). 
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Figure	  3.8	  P.P.	  Rubens	  "The	  Three	  Graces"	  (Image	  no	  longer	  under	  copyright;	  from	  
http://upload.wikimedia.org/wikipedia/commons/thumb/f/f5/The_Three_Graces,_by_Peter_Paul_R
ubens,_from_Prado_in_Google_Earth.jpg/630px-‐
The_Three_Graces,_by_Peter_Paul_Rubens,_from_Prado_in_Google_Earth.jpg;	  consulted	  
20/03/2011).	  
  
 There is evidence in the visual arts for hand and wrist deformation that can be 

compared to modern rheumatoid arthritis patients. However, there are limitations to 

interpreting the presence of rheumatoid arthritis on the basis of artistic depictions. 

Nevertheless, it is possible to state that there are paintings that show potential 

rheumatoid arthritis well before the 1800 description date thus indicating that Short’s 
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(1974, 204) claim, that there were no artistic representations of the disease, is 

unfounded. However, it is a fact that even after 1800 there are not many examples of the 

disease in the visual arts. A study by Aharoni and Weinberger (2004, 63), which 

examined 435 impressionist paintings could only find three paintings that potentially 

showed rheumatoid arthritis in the hands. While the Impressionist style is not ideal for 

the examination of diseases, a work by Post-Impressionist artist Vincent van Gogh from 

1888 “La Berceuse” also shows signs of a form of hand arthritis (Hinojosa-Azaola and 

Alcocer-Varela 2014, 3; Weinberger 1998, 39). 

 
3.2.4. Rheumatoid	  Arthritis	  in	  Historical	  Figures	  

Diagnosis in retrospect is a difficult matter, especially for rheumatic diseases that, 

as discussed above, were collectively described as gout or arthritis. Certain historical 

figures are known to have suffered from some form of arthritis, but more specific 

retrospective diagnosis must remain tentative. The following section will describe a few 

historical figures that are assumed to have suffered from the disease. 

As stated above, Appelboom (2005, 681) suggested that the Flemish painter 

Rubens (1577-1640) could have suffered from rheumatoid arthritis. Based on 

correspondence from Rubens it can be deduced that he suffered from a type of chronic 

gouty rheumatism, which affected his hands, feet and knees and sometimes prevented 

him from working. This description could be similar to rheumatoid arthritis and, as 

discussed above, from 1638 onward strangely shaped hands, potentially indicative of 

rheumatoid arthritis, started to make an appearance in Rubens’ works (Appelboom 2005, 

681; Appelboom and Preaux 1987, 41-2).  

	   Known for her writing, Marie de Rabutin-Chantal, marquise de Sévigné was 

another known sufferer of rheumatoid arthritis. She was a French noblewoman who 

lived during the reign of Louis XIV (1626 – 1696) and eventually died from smallpox 

(Figure	  3.9).	  Her personal letters to her daughter outlined her condition, as she wrote of 

long lasting morning sickness, pain during mobilization and articular swelling.	  	  
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Figure	  3.9	  Marie	  de	  Rabutin-‐Chantal,	  marquise	  de	  Sévigné	  Image	  not	  under	  copyright;	  from:	  

http://upload.wikimedia.org/wikipedia/commons/4/4b/Grignan-‐Marquise_de_Sévigné.jpg;	  

consulted	  16/03/2011).	  

 
 These symptoms are some of the criteria employed by the “American Rheumatism 

Association” to establish the presence of rheumatoid arthritis in an individual (Aletaha 

et al. 2010). It is generally accepted that Mme De Sévigné developed the condition after 

the menopause, at the age of 48 (Tamisier et al. 1987, 78). After six months of the 

above symptoms she wrote to her daughter: “It is true that I cannot close my hand; I 

can mobilize them and use them for a lot of things. I cannot cut or peel, eat, write, do up 

my hair and I am suffering from such disturbances.” Mme De Sévigné (cited in 

Tamisier et al. 1987, 78). The condition appeared to improve in the following months, 

but in her later correspondence it was clear that the symptoms persisted and the pain 

became worse. Mme De Sévigné continued to suffer from the condition until her death 

from smallpox in 1696.  

The case of the impressionist painter Renoir occurred after the 1800 description, he 

suffered from rheumatoid arthritis from 1897 until his death in 1919, occurred after the 

1800 description, it is a remarkable example of the progression of the disease in an 

individual and his adaptation to deformity. Arthritis started to plague the painter when 

he was around 50 years of age and a more aggressive type of the disease commenced in 

1903, which left the painter disabled by the time he reached his 70s. Already in 1904, 

seven years after the first onset, his hands were severely deformed (Figure 3.10; Boonen 

et al. 1997, 1704; Kowalski and Chung 2012, 358; Saudan 1987, 46-7). 
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Figure	  3.10	  Pierre	  Auguste	  Renoir	  affected	  by	  early	  rheumatoid	  arthritis,	  see	  right	  hand	  (Image	  not	  
under	  copyright;	  from	  http://upload.wikimedia.org/wikipedia/commons/b/b5/Renoir,_Pierre-‐
Auguste,_by_Dornac,_BNF_Gallica.jpg;	  consulted	  16/03/2011).	  	  
    

Renoir continued to paint, even though he developed ankylosis in his right shoulder 

and he lost function in his legs (Boonen et al. 1997, 1705). In a letter to Julie Manet he 

wrote: “I have to get used to it. I’m caught: it goes slowly but steadily. Next year I’ll be 

a little worse, and so on and so forth. One has to get used to it; that’s all. Let’s not 

speak of this anymore.” Auguste Renoir (cited in Saudan 1987, 46) 

Renoir did everything possible to continue painting, from devising a new way of 

holding his paintbrush to developing an adjustable easel (Boonen et al. 19971706-7; 

Kowalski and Chung 2012, 360; Saudan 1987, 46-7). The story of Renoir shows that, 

even though rheumatoid arthritis can have devastating effects on the body, people find 

ways of adapting. 
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3.3. Palaeopathological	  Evidence	  for	  Rheumatoid	  

Arthritis	  

This section provides a short discussion of the palaeopathological research that is 

available for rheumatoid arthritis. In the discussion chapter (8), some of these cases will 

be used for comparative purposes and will be discussed in greater depth. 

 

3.3.1. Past	  research	  on	  Rheumatoid	  Arthritis	  

 Due to its rarity in the palaeopathological record there have been no large-scale 

population based investigations of rheumatoid arthritis. Thus most of the published 

literature is comprised of case studies, which will be introduced in the following section 

(Table 3.4). 

 

Reference	   Location	   Time	  Period	   Nr	  Indiv.	   Sex	   Age	  
Ortner	  &	  
Putschar	  
(1981)	  

Golovnin	  Bay,	  
Alaska,	  USA	   Historic	  period	  (?)	   1	   Male	   35	  

Ortner	  &	  
Utermohle	  
(1981)	  

Kodiak	  Island,	  
Alaska,	  USA	   Before	  AD	  1200	   1	   Female	   30-‐35	  

Rogers	  et	  al.	  
(1981)	  

Trowbridge,	  
Wiltshire,	  
England	  

AD	  9th-‐11th	  C.	   1	   Male	   Adult	  

Thould	  &	  
Thould	  (1983)	  

Poundbury,	  
Dorset,	  England	   AD	  1st-‐4th	  C.	   2	   1	  Male	  

1	  Female	   Adults	  

Bennike	  
(1985)	  

Varpelec,	  
Denmark	   AD	  1st-‐4th	  C.	   1	   Male	   Mature	  

adult	  
Bennike	  
(1985)	  

Olmosehuse,	  
Denmark	   1800-‐800	  BC	   1	   Female	   Adult	  

Molleson	  
(1987)	  

Poundbury,	  
Dorset,	  England	   AD	  3rd-‐5th	  C	   5	   4	  Male	  

1	  Female	   40+	  

Rothschild	  et	  
al.	  (1988)	   Alabama,	  USA	   Late	  Archaic,	  

5000-‐3000yrs	  ago	   6	   4	  Females	  
2	  Males	   30-‐70	  

Leden	  et	  al.	  
(1988)	  

Gotland,	  
Sweden	  

Middle	  Neolithic,	  
2500-‐1900	  BC	   2	   Male	   60+	  

35-‐40	  

Kilgore	  (1989)	   Kulubnarti,	  
Sudan	  

Kulubnarti,	  AD	  
700-‐1450	   1	   Female	   50+	  

Table	  3.4.	  Chronological	  overview	  of	  published	  palaeopathological	  cases	  of	  rheumatoid	  arthritis	  
(continues	  on	  next	  page).	  
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Reference	   Location	   Time	  Period	   Nr	  Indiv.	   Sex	   Age	  
Rothschild	  &	  
Woods	  (1990	  
and	  1991)	  

Kentucky,	  
USA	  

Late	  Archaic,	  
4300-‐4050	  
years	  ago	  

7	   5	  Female	  
2Male	   25-‐51	  

Hacking	  et	  al.	  
(1994)	  

Abingdon,	  
Oxfordshire,	  
England	  

AD	  late	  15th	  
C.	   1	   Female	   Adult	  

Waldron	  et	  
al.	  (1994)	   London,	  UK	   AD	  18th-‐19th	  

C.	   1	   Female	   Adult	  

Blondiaux	  et	  
al.	  (1997)	  

Rouen,	  
France	  

AD	  10th-‐11th	  
C.	   1	   Female	   Young	  Adult	  

Blondiaux	  et	  
al.	  (1997)	  

Lisieux,	  
France	   AD	  4th	  C.	   1	   Male	   Mature	  adult	  

Inoue	  et	  al.	  
(1999)	  

Yoshigo,	  
Japan	  

Late	  Jomon,	  
1400-‐400	  BC	   1	   Male	   40-‐54	  

Ciranni	  et	  al.	  
(2002)	   Arezzo,	  Italy	   16th	  C.	   1	   Female	   50-‐55	  

Waldron	  
(2007)	  

Barton-‐upon-‐
Humber,	  UK	  

AD	  1150-‐
1500	   3	   1	  Female	  

2	  Male	   Adult	  

Catteddu	  
(2009)	  

Saleux,	  
France	   AD	  7th	  -‐11th	  C.	   2	   Unknown	   Adult	  

Kim	  et	  al.	  
(2011)	  

Gongju,	  
Korea	   AD	  1700s	   1	   Female	   40+	  

Walker	  
(2012)	  

St	  Mary	  and	  
St	  Michael’s	  
London,	  
England	  

1843-‐1854	   1	   Female	   46+	  

Kacki	  (2013)	   Amiens,	  
France	   AD	  3rd-‐4th	  C.	   1	   Female	   50+	  

McKinnon	  et	  
al.	  (2013)	  

Sedgeford,	  
Norfolk,	  
England	  

Anglo-‐Saxon	  
(AD	  650-‐900)	   1	   Probable	  

Male	   55+	  

Table	  3.4	  Chronological	  overview	  of	  published	  palaeopathological	  cases	  of	  rheumatoid	  arthritis.	  
 
 
 Table 3.4 presents all of the case studies that have been found during the literature 

review for this research project. There are 18 males, one individual of unknown sex and 

22 females recorded. Geographically and temporally the cases cover a large area. Only 

three cases of rheumatoid arthritis belong to the European Post-Medieval period (AD 

1550-1850), which is interesting considering that this is the time when the disease had 

been officially reported in clinical literature and, according to the “Recent Origin 

Theory”, is when the disease originated. 

 As is explained in a previous section, the theory that rheumatoid arthritis is a 

recent disease was based on the negative evidence in the osteological record (Short 

1974, 204). This lack of evidence may have resulted from a taphonomic bias, 

particularly given that this condition is most diagnostic in the peripheral, smaller bones 

of the hands and feet that are often not recovered from archaeological contexts (Wood 
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et al. 1992, 358; Waldron 1996, 1297). All of the cases in Table 3.4 were published 

after the 1974 article by Short, and thus his statement that there were no 

palaeopathological cases of rheumatoid arthritis is now no longer valid, but there is still 

only a very small sample. 

 One of the most recent published cases is that of a 55+ year old, probable male, 

from a cemetery in Sedgeford, England (c. AD 650-900; McKinnon et al. 2013). 

McKinnon et al. (2013) presents an excellent case study with clear photography and a 

solid differential diagnosis. Hands and feet in this individual are well preserved and 

have the characteristic marginal erosive lesions. A differential diagnosis of erosive 

osteoarthritis and psoriatic arthritis is presented and eventually the diagnosis of 

rheumatoid arthritis is suggested.  

 Another recently published case describes a 50+ year old female from the Late 

Roman period in northern France (Kacki, 2013, 59). Once again the differential 

diagnosis examines erosive osteoarthritis, gout and psoriatic arthritis, but these were 

excluded and a definitive diagnosis of rheumatoid arthritis is presented. Other works 

that have presented good photographic evidence and thorough differential diagnoses are 

Walker (2012), Kim et al. (2011), Inoue et al. (1999), Blondiaux et al (1997), Waldron 

et al. (1994), Hacking et al. (1994), Rothschild and Woods (1991), Kilgore (1989), 

Rothschild et al (1988), Leden et al. (1988), Molleson (1987), Ortner and Utermohle 

(1981) and these will be examined in detail in the discussion chapter to provide 

comparative material for the cases examined in this research project.   

 Unfortunately the cases presented in Catteddu (2009) could not be found by the 

author, despite multiple library searches, and will thus not be further discussed here. 

The cases presented by Waldron (2007) and Waldron et al. (1994) are re-examined as 

part of this research and will be discussed in depth in the results and discussion chapters. 

Despite the fact that Ciranni et al. (2002) presented an interesting study of a female 

mummy with a deformed left hand and feet, there was not much information provided 

on the nature or appearance of the erosive lesions. This article will thus not be used in 

the comparative study in the discussion, but the set of diagnostic criteria will be tested 

on this article. Likewise, Bennike (1985), Thould and Thould (1983) and Rogers et al 

(1981) will not be included in the discussion chapter, as these studies did not provide 

enough detail to be incorporated.   

 The notion that rheumatoid arthritis originates in the New World and later travels 

to the Old World, post-contact (AD 1493), can be questioned. The palaeopathological 

studies above show that the disease was present in Europe before contact is established. 
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An explanation as to why so many cases have reportedly been found amongst Native 

Americans is likely to be a combination of genetics and environmental factors. The fact 

that rheumatism has a place in their creation myths, as was mentioned in section 3.2.2, 

indicates that the disease was well known in these populations. 

 The previous chapters provided an overview of the aetiology, epidemiology, 

historical, clinical and palaeopathological backgrounds for osteoarthritis and rheumatoid 

arthritis. The following chapter will present the archaeological sites that are examined in 

this project, and the methods used, based upon key issues from the literature review 

chapters. 
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Chapter	  4. Materials	  and	  Methods	  
This chapter outlines the materials and methods utilised for this project. The 

‘materials’ section begins with a short historical overview of the period of the industrial 

revolution (1760 - 1840) and its impact upon people’s living and working conditions. 

The historical and geographical context and excavation information for each cemetery 

site included in this analysis follows.  

The methods section first focuses on the methods for sex and age estimation, which 

are followed by a detailed explanation of the analytical approach for identifying and 

recording osteoarthritis in this project. The database protocol is then described and 

finally the statistical analyses that were used for data processing are explained. For the 

rheumatoid arthritis cases a similar structure is employed and the methods of recording 

and analysis are explained in detail. 

 

4.1. Materials	  for	  the	  Osteoarthritis	  Analysis	  

4.1.1. Overview	  of	  the	  Post-‐Medieval	  Period	  in	  the	  North	  of	  

England	  

Despite the general belief that the Industrial Revolution started in 1760 with the 

invention of the rotary steam engine and other advances in shipping and metallurgical 

industries, social changes were gradual and started from about 1700 onwards (Deane 

1965, 4; Hudson 1992, 9-11; King and Timmins 2001, 10, 20). Research into the 

Industrial Revolution has concluded that social and economic changes during this time 

were variable in different regions of Britain (Hudson 1992, 11-35; King and Timmins 

2001, 23-28). In 1700 England was an agricultural society with a largely rural economy, 

but modernisation started from the end of the eighteenth century. A shift occurred from 

an agricultural-based employment system, towards employment in the developing 

industries and around cities. For example Manchester became known as the heart of the 

cotton industry, while in the North East the focus lay on coal mining and transport 

(Belchem 1990, 9-11; Brown and Fraser 2010, 54, 103; Marshall 1973, 28; Porter 1990, 

11; Rawding 2001, 11). While the first Industrial Revolution (c. 1760-1860) affected 

some of the larger cities, it was not until the end of this period and the start of the 

second Industrial Revolution (1860-1914) that the full effect of modernisation and 

mass-production was observed. Thus while the term ‘revolution’ might evoke images of 
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radical change, these changes did not always occur as rapidly as perceived (Belchem 

1990, 10-11; Brown and Fraser 2010, 52, 104; Marshall 1973, 33; Porter 1990, 11).  

The industrial development also initiated a population movement from the rural 

environment into the new urban environment. This unregulated influx of people created 

an urban environment that resulted in overcrowding, sub-standard housing, and poor 

sanitation, and was thus a recipe for unhealthy living circumstances (Belchem 1990, 37; 

Brown and Fraser 2010, 51). Urban environments had always been known as unhealthy 

and filthy, places, where urban planning was unheard of and, with the increased 

exploitation of coal a fog of smoke descended upon cities (Brown and Fraser 2010, 52-

53; Marshall 1973, 34). However the rural environment was not idyllic either; houses 

could have earthen floors, little or no sanitation and sometimes there was also 

overcrowding, although perhaps not on the same scale as in the cities. A farmer 

described his housing situation as follows: “The house is damp and unhealthy. It has 

harboured sickness now for half a century. No doubt my mother and eldest sister’s days 

were shortened after many years of suffering. My wife has experienced an inquisitorial 

torture through most of the period of our married life.” (Stovin 1982, 141). Thus the 

differences between rural and urban living environments might not have been so stark 

(Belchem 1990, 39; Rawding 2001, 186).  

Life expectancy during the period of the Industrial Revolution fluctuated 

between 31-37 years of age in the urban environment, whereas in the rural environment 

this was slightly higher at 41 years (Roberts and Cox 2003, 304). Working days were 

long and hard for men, women and children in both rural and urban environments 

(Brown and Fraser 2010, 107; Hudson 1992, 148, 162-3; Marshall 1973, 70; Rawding 

2001, 131-2). Thus, from a young age much biomechanical stress was placed on the 

joints of individuals in the Post-Medieval period and it can be hypothesised that women 

and children would have been subjected to similar health hazards as men in both the 

working and living environment (Hudson 1992, 118, 120, 126-8). Industrial diseases 

were also common; for example, rheumatism could affect farmers working long hours 

in harsh weather and cotton factory labourers working in a damp environment. The poor 

lived hard lives, being constantly underfed and overworked (Marshall 1973, 78; Porter 

1990, 14).  

The industrial revolution was a period of social, economic and technological 

change. The following sections details the more specific historical background for each 

of the sites under examination and gives an image of the living conditions experienced 

by inhabitants of the cities and towns under investigation. 
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4.1.2. Specific	  Sites	  
Information on the prevalence of osteoarthritis in Post-Medieval populations 

from the north of England is limited, in contrast to the numerous studies on populations 

from the south (Brickley and Miles 1999; Cowie et al. 2008; Cox 1996; Cox and 

Molleson 1993; Milne 1997; Miles et al. 2008; Miles and White 2008). This study on 

osteoarthritis focuses on sites from the north of England from rural and urban contexts 

(Figure 4.1).  

 

	  

 
Figure	  4.1	  Map	  of	  Great	  Britain.	  The	  sites	  examined	  in	  this	  research	  are	  highlighted	  in	  the	  square	  area	  
(Image	  drawn	  by	  D.	  Craps).	  
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Two coastal sites are from the Tyne and Wear area, North Shields and South 

Shields, and provide data on different urban contexts within the same area. The skeletal 

collection from Hanging Ditch, Manchester provides an urban, industrial comparison to 

the individuals from the Tyne and Wear sites. These data are then be compared to the 

data from two rural populations, Fewston and Barton-upon-Humber. The Fewston, 

North Yorkshire, site is the only rural skeletal assemblage available for the north from 

this period and thus provides a unique opportunity for comparison of osteoarthritis 

prevalence with urban contexts. Finally, the cemetery associated with St Peter’s church 

in Barton-upon-Humber presents a semi-industrial coastal population from which a 

sample of the interments was examined (Table 4.1).  

 

	   Begin	  (c.)	   End	  (c.)	  
Fewston,	  North	  Yorkshire	   1550	   1908	  
Barton-‐upon-‐Humber,	  North	  Lincolnshire	   1700	   1855	  
Coach	  Lane,	  North	  Shields	   1710	   1850	  
Coronation	  Street,	  South	  Shields	   1800	   1855	  
Hanging	  Ditch,	  Manchester	   1650	   1835	  

Table	  4.1	  Overview	  of	  the	  chronological	  start	  and	  end	  dates	  for	  each	  cemetery	  included	  in	  the	  
osteoarthritis	  research	  project.	  All	  dates	  are	  approximations,	  as	  no	  exact	  dates	  could	  be	  provided.	  
 

4.1.2.i. Fewston,	  North	  Yorkshire	  

The small village of Fewston lies approximately 22.5 km from the town of 

Skipton in the West Riding of Yorkshire on the river Washburn. The total population of 

Fewston was 1221 people in 1801 and rose to over 3000 people by 1881.1 The majority 

of the population were farmers, craftsmen, cottagers and labourers, but the mill industry 

was also of the largest employers in the Fewston area (Caffell and Holst 2010, 2; Claro 

Community Archaeology group 2007; Harker 1988, 9; Marshall 1973, 71)2. Further 

information on the site is provided by the diaries of 19th century resident John 

Dickinson, who provides a unique insight into life in the rural Fewston area (Harker 

1988, 9-11; Marshall 1973, 64; McCord 1991, 108). When the diaries started he was 34 

years of age, living with his widowed mother, looking to get married and working as a 

stonemason, part-time farmer and pork-salter. As he gets older he takes on clerical 

duties, along with a variety of other occupations, including as a paraffin salesman, tea 

seller, agent for selling manure, trader in hay and insurance agent (Harker 1988, 16, 41; 

                                                
1 Information from the website: A Vision of Britain through Time: 
http://www.visionofbritain.org.uk/place/12578 (accessed: 12/09/2013) 
2 op cit. 
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Hartley and Ingilby 1968, xiii). The diaries thus provide an insight into the occupational 

mobility of an individual over his lifetime. 

In 2009 and 2010 archaeological excavations were undertaken in the cemetery 

area north of the St Michael and St Lawrence Church in Fewston, North Yorkshire prior 

to the construction of a heritage centre. This area contained burials from the Post-

Medieval period with a few possibly belonging to the medieval period; thus a long 

occupation period has been suggested of 1550 until 1908. Based on the named 

individuals recovered from the cemetery this range was reduced to between 1779 until 

1861. A total of 145 individuals were excavated and of these 64 were recorded and 

analysed by York Osteoarchaeology and a brief assessment was provided for a further 

81 individuals (Caffell and Holst 2010, 2; Table 4.2).  

 

Age	  Group	  
Analysed	  Skeletons	  (Caffell	  and	  Holst	  2010,	  17-‐18)	  
Male	   Female	   Undetermined	   Total	  

Young	  adult	  (18-‐25)	   3	   3	   0	   6	  

Young	  middle	  adult	  (26-‐35)	   3	   4	   0	   7	  

Old	  middle	  adult	  (36-‐45)	   3	   1	   1	   5	  

Mature	  adult	  (46+)	   15	   9	   0	   24	  

Adult	  (18+)	   1	   6	   2	   9	  

Total	   25	   23	   3	   51	  
Table	  4.2	  Sample	  of	  adult	  individuals	  analysed	  by	  Caffell	  and	  Holst	  (2010,	  17-‐18)	  from	  the	  Fewston	  
population.	  
 

The cemetery associated with the church officially closed in 1896. 3  This 

research project focuses on the 97 adult individuals from this cemetery. 

 

4.1.2.ii. St	  Peter’s	  Church,	  Barton-‐upon-‐Humber,	  North	  

Lincolnshire	  (BuH)	  

Barton-upon-Humber is a small village in North Lincolnshire on the south bank 

of the river Humber, 42 km away from the estuary of the Humber. On the north bank, 8 

km downstream lies the larger town of Kingston-upon-Hull, a well-known port city 

(Rodwell 2011, 1;Wright 1982, 4).  Daniel Defoe, writing in 1725, mentions the 18th 

century market town by saying “… Barton, a town noted for nothing that I know of, but 

                                                
3 Data from the website: Fewston with Blubberhouses 2014. URL: 
http://www.fewstonwithblubberhouses.org.uk/content/our_churches/fewston/fewston_c
hurch (accessed: 03/10/2014) 
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an ill-favoured dangerous passage, or ferry, over the Humber to Hull; …” (Defoe 

1725/1983, 231). The growth of Hull was important for Barton; as other ports along the 

Humber lost their trade to the bigger city, Barton continued to grow thanks to its ability 

to provide ferry services to Hull. The role of Barton was dual; on the one hand its 

position on the banks of the Humber allowed its industry to develop early on in the 

nineteenth century and on the other it was still a market town for the surrounding 

countryside. Its industry was mainly based around trade in corn, malt and flour, bricks 

and tiles, tanning, pottery, a ship yard, whiting, roping, rail cloth, etc. However 

“industry” in the smaller market towns of Lincolnshire was based in cottages and 

workshops (Rawding 2001, 36, 39; Rodwell 2011, 7; Waldron 2007b, 1; Wright 1982, 

20, 29, 53, 56). 	  

In 1841 the population of Barton was less than 3000 individuals, whereas the 

population of Hull had already risen to nearly 30 000 in the eighteenth century. The 

population of Barton continued to grow into the twentieth century due to its change and 

adaptation to a more “industrial” centre (Dyer 2000, 100; Rawding 2001, 190; Walton 

2000, 128; Wright 1982, 3). 

 

 
Figure	  4.2	  View	  of	  St	  Peter’s	  Church,	  Barton-‐upon-‐Humber	  (©	  photograph	  taken	  by	  D.	  Craps).	  
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The skeletal population examined here belongs to the cemetery of St Peter’s 

church (Figure 4.2), where over 2800 graves were excavated ranging from the late 

Saxon period to the Post-Medieval period. The church of St Peter’s was built in the late 

tenth – early eleventh century and has the only still standing Anglo-Saxon baptistery 

(Rodwell 2011, 10, 26; Waldron 2007b, 10-12). The full skeletal assemblage was 

analysed by Dr Juliet Rogers and her students and later published by Dr Tony Waldron 

(2007). The burials included in this research all belong to the Georgian and Victorian 

Phase A (1700-1855), which in total includes 427 individuals (Waldron 2007b, 29). The 

graves were located in the St Peter’s churchyard, in particular to the north and south of 

the church tower. Due to time and funding restraints a sample had to be selected from 

the available individuals. Using the database provided by Mr Kevin Booth (English 

Heritage) three selection criteria were used to identify a suitable sample. Firstly, the 

individuals had to be part of phase A, secondly they had to be adults, and finally the 

skeletal preservation of the individuals had to be at least 60% or more. This eventually 

led to a short list of 106 individuals, according to the database 45 males and 58 females 

of various ages (Table 4.3). It was decided to reanalyse the sex and age of these 

individuals to ensure standardisation with the other cemetery sites. 

	  
AGE	   Nr	  of	  Individuals	  

30	   2	  
33	   3	  
35	   2	  
39	   4	  
40	   2	  
45	   27	  
50	   15	  

88	  (adult,	  no	  age	  given)	   51	  
TOTAL:	   	  

Table	  4.3	  Ages	  provided	  by	  English	  heritage	  database	  for	  the	  selected	  individuals	  from	  Barton-‐upon-‐
Humber.	  
 

The coastal Barton-upon-Humber sample provides an example of a developing 

town and will be a useful comparison to the rural village of Fewston, the urban 

industrial population from Manchester and the other coastal urban populations in the 

Tyne and Wear.  
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4.1.2.iii. Coach	  Lane,	  North	  Shields,	  Tyne	  and	  Wear	  (CL	  /	  COL)	  

North Shields, at the mouth of the Tyne directly across from South Shields, is 

both an industrial coastal town and a fishing village that started from humble 

beginnings and expanded throughout the centuries. The beginnings of the town of North 

Shields lie at the mouth of the Pow Burn River and it developed westward. (Figure 4.3; 

Figure 4.4; Bean 1971, 170-2; Shotton 2010, 3; Simpson 1988). It is located about 

13km east of Newcastle and the cemetery itself is located approximately 600metres 

from the town centre. The town itself first developed on a narrow strip along the banks 

of the Tyne and would later develop upwards along the steep banks (Langthorne 2012, 

5; Shotton 2010, 3; Smailes 1968, 146). 

 

 
Figure	  4.3	  Map	  of	  North	  and	  South	  Shields:	  Ordnance	  survey,	  first	  series,	  1863,	  modified	  by	  author	  (©	  
Vision	  of	  Britain	  website	  from:	  
http://www.visionofbritain.org.uk/maps/series?xCenter=3293884.49195&yCenter=3175616.43098&s
cale=63360&viewScale=725669.6832&mapLayer=nineteenth&subLayer=first_edition&title=Ordnance
%20Survey%20and%20Ordnance%20Survey%20of%20Scotland%20First%20Series&download=false)	  
consulted:	  21/09/2013.	  
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Figure	  4.4	  An	  engraving	  by	  William	  Miller	  (1796-‐1882)	  based	  on	  an	  original	  study	  by	  Thomas	  Allom	  
(1804-‐1872):	  North	  and	  South	  Shields,	  taken	  from	  the	  rocks	  near	  Tynemouth	  (1832-‐35).	  (Image	  
without	  copyright	  from:	  
http://commons.wikimedia.org/wiki/File:North_and_South_Shields_engraving_by_William_Miller_af
ter_T_Allom.jpg).	  Consulted:	  21/09/2013.	  
	  

The town developed a large fishing industry throughout the medieval period 

(Fraser and Emsley 1973, 21-22; Garson 1927, 4; Simpson 1988). Other activities in the 

town, that developed during the Post-Medieval period, were salt-making, loading coals, 

providing food for the ships to take on board, etc., and other industries were roperies, a 

tannery, lime works, timber yards and coal transport facilities. It is clear that the main 

industries revolved around the transport/shipping industry (Fraser and Emsley 1973, 38; 

Simpson 1988). In the 1760s plans were made for the development of a new town. The 

so-called ‘Old Town’ had developed parallel to the river along Low Street, but the new 

town would be placed higher up on the banks. The cemetery of Coach Lane was placed 

in the new town. This did not mean that the old town went out of use, but this was the 

area where overcrowding and living conditions were the worst. Shotton (2010, 7) states: 

“The main street was badly paved, ill-lit with candles and oil lamps, … On dark nights 

walking about was extremely unpleasant.”. It was eventually condemned by the Royal 

Commission as the worst port in the United Kingdom (Garson 1927, 19; Langthorne 

2012, 11; Simpson 1988).  

During the eighteenth century North Shields’s population grew to over 7000 

people and in 1800 this number had risen to about 8000, with the majority of the 

population living along the overcrowded Low Street. In 1841 there would be more than 

20,000 people living in the town, leading to classic images of Post-Medieval 
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overcrowded, unhealthy and unsanitary living conditions (Shotton 2010, 7; Simpson 

1988; Walton 2000, 117, 128). It is often thought that sanitary issues only affected the 

poorer classes and the overcrowded slums of towns, but in North Shields there is 

evidence that even the wealthier residents could not escape issues with drainage and 

sanitation. For example, in the higher status Dockwray Square, the sanitation problems 

would not be resolved until the early twentieth century (Garson 1927, 17; Shotton 2010, 

7, 57; Simpson 1988).  

The Coach Lane burial ground was in use between c.1710 to 1850 and belonged 

to the Society of Friends (Quakers) until its closure in 1857. The Coach Lane-site 

appears not to have been disturbed since its closure, as the walled burial ground became 

a public garden (Garson 1927, 21; Langthorne 2012, 8-10). 

George Fox founded the Quaker movement in the middle of the seventeenth 

century, which could be described as mild Puritanism as it centred more on the removal 

of rituals from the Anglican Church, rather than a want to separate from it. They prayed 

in a silent service, practiced passive resistance and did not serve in the military or hold 

government functions (Pratt 1985, ix, 22-23). In the seventeenth century mainly artisans 

and farmers were involved in the movement, but in the eighteenth century this shifted to 

middle-class tradesmen. The Quakers were involved in entrepreneurial endeavours, 

medicine or teaching, and, unusual for the time, women were considered the equal of 

men (Pratt 1985, ix, 25). The Quakers were generally located in the North of England 

near up-and-coming industrial sites, which made it possible for them to develop 

economically (Pratt 1985, 19, 129; Langthorne 2012, 11). 

The Coach Lane cemetery appears to have been well organised from its 

conception, which is in accordance with the simplicity of the Quaker lifestyle. There 

were both wealthy and poor Quakers and they refrained from using money for personal 

embellishment, but rather helped the poor (Pratt 1985, 24, 27).  Burial orientation did 

not follow the traditional east-west alignment, but followed the outline of the plot 

Almost all of the graves were simple earth-cuts with wooden coffins, aside from one 

triple case lined with lead (Langthorne 2012, 14, 26, 28-31). In total 148 adult 

individuals were examined in the excavation report, which equals the number of adult 

individuals that were included in this project; however it deviates slightly from the total 

number in the sex categories (Langthorne 2012, 45-47; Table 4.4).  
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AGE	   	   SEX	  
Young	  adult	  (20-‐35)	   18	   Male	   19	  
Young	  adult	  –	  Middle	  adult	   11	   Possible	  male	   26	  
Middle	  adult	  (35-‐50)	   20	   Female	   23	  
Middle	  adult	  –	  Older	  adult	   26	   Possible	  female	   27	  
Older	  adult	  (50+)	   12	   Indeterminate	   27	  
Adult	  (unspecified;	  20+)	   50	   Inconclusive	   24	  
Undetermined	   11	   	  
TOTAL	   148	   TOTAL	   146	  
Table	  4.4	  Age	  and	  sex	  distribution	  analysis	  of	  the	  Coach	  Lane	  population	  presented	  in	  the	  excavation	  
report	  (Langthorne	  2012,	  45-‐46).	  
 

4.1.2.iv. Coronation	  Street,	  South	  Shields,	  Tyne	  and	  Wear	  (CS)	  

South Shields lies on a triangle of land between the Tyne and the North Sea, 

approximately 14km downstream from Newcastle, close to the Durham coalfields and 

across the river from North Shields. Like the latter it is a linear, narrow coastal 

settlement with steep hills backing it (Bean 1971, 182; Foster 1974, 87; Hodgson 1903, 

1; Smailes 1968, 146; Figure 4.3).  

The cemetery of St Hilda’s Church, Coronation Street, was excavated between 

June 2006 and December 2006 and further excavations in June and July 2007 revealed 

more burials. The Church of St Hilda was a place of worship since 1402 and it became a 

parish in 1845. The medieval burials are not likely to be included in the excavated area, 

as they lay North of the Church. From 1631 onwards the lack of space became apparent 

and several expansions of the cemetery towards the east and south occurred over the 

following centuries right up until the closure of St Hilda’s cemetery in 1855 (Raynor, et 

al. 2011, 9-11,15).  

Like its counterpart across the river, South Shields started as a small fishing 

community with a flourishing salt-industry and coal transportation services. This 

development continued into the eighteenth century and the growing town attracted 

many people, causing a rise of the lower classes (Bean 1971, 186; Foster 1974, 2; Fraser 

and Emsley 1973, 21; Hodgson 1903, 5, 131). In 1801South Shields had developed into 

one of the 50 biggest towns in Britain, and by 1841 there were over 20000 inhabitants 

(Hodgson 1903, 6; Langton 2000, 467; Walton 2000, 117, 128). The largest occupation 

group in this town was involved in transport, employing over 4000 seamen on the main 

London shipping-route (Foster 1974, 88; Hodgson 1903, 116; Smailes 1968, 163; 

Figure 4.5). A number of reports on the town mention the constant smoke of coal that 

was even visible from Durham, which lies approximately 25 km south-west. Despite 

attempts that were made to improve the town, it was still known as a place where 
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overcrowding, limited sanitation, little ventilation, poor water supply and open sewers 

on the street were the norm (Foster 1974, 88; Hodgson 1903, 115, 147-149).  

 

 
Figure	  4.5	  Joseph	  Mallord	  Turner.	  Shields,	  on	  the	  River	  Tyne.	  1823	  (David	  Blayney	  Brown,	  
‘Chronology’,	  December	  2012,	  in	  David	  Blayney	  Brown	  (ed.),	  J.M.W.	  Turner:	  Sketchbooks,	  
Drawings	  and	  Watercolours,	  December	  2012,	  https://www.tate.org.uk/art/research-‐
publications/jmw-‐turner/chronology-‐r1109229;	  consulted	  17/04/2015.).	  	  
	  

The Church of St Hilda, founded by St Aidan in the early twelfth century, was 

for many years the only church to serve the growing community of South Shields. 

Overcrowding of the cemetery was the cause of great scandal at the start of the 

nineteenth century and expansion of the churchyard took place from 1816-1818 to 

accommodate South Shields’s growing population. Between 1816 and 1819, 1431 

burials took place at St Hilda’s In 1855 the burial ground was officially closed, but 

family plots continued to be used until 1860 (Hodgson 1903, 37, 121, 139-40, 193; 

Raynor et al. 2011, 12-15; South Shields – durhamrecordsonline.com 2013 access date: 

10/10/2013).  

According to the excavation report a total of 117 articulated adults and 87 sub-

adults were recovered, but for this study a total of 120 adult individuals were identified 

(Table 4.5). An additional three adults were found in the subadult sample. The people 

buried at St Hilda’s were most likely involved in the local industries and belonged to 

the developing industrial town, with its overcrowding, taxing working conditions and 

sub-standard water and air quality (Raynor et al. 2011, 6, 17). The excavation report 

concluded that the individuals recovered from the area of the cemetery excavated were a 
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selection of the working classes who had managed to put away money to afford a proper 

burial (Raynor et al. 2011, 101).  

 

	   F	   ?F	   ??F	   ?/	  
N/R	   M	   ?M	   ??M	   Total	  

Young	  adult	   18-‐25	   5	   2	   0	   0	   1	   1	   0	   9	  

Young-‐	  
prime	  adult	   18-‐35	   0	   1	   0	   0	   0	   0	   1	   2	  

Prime	  adult	   26-‐35	   7	   0	   0	   0	   5	   5	   1	   18	  

Prime-‐	  
mature	  adult	   26-‐45	   1	   0	   0	   3	   3	   1	   0	   8	  

Mature	  adult	   36-‐45	   6	   2	   2	   0	   14	   7	   0	   31	  

Mature-‐	  
older	  adult	   36-‐45+	   1	   1	   0	   0	   1	   0	   0	   3	  

Older	  adult	   45+	   10	   3	   0	   0	   7	   1	   0	   21	  

Adult	   18+	   6	   3	   2	   8	   2	   1	   0	   22	  

Total	   36	   12	   4	   14	   33	   16	   2	   117	  

Table	  4.5	  Age	  and	  sex	  distribution	  provided	  in	  the	  excavation	  report	  from	  South	  Shields	  (Raynor	  et	  al.	  
2011,	  45).	  
 

4.1.2.v. Hanging	  Ditch,	  Manchester	  (HD)	  

Manchester, one of the large cities in Lancashire, lies at approximately 322km 

from London and 48km from Liverpool, and during the Industrial Revolution it was 

known as the main centre of the cotton industry. From 1780 onwards, with the first 

steam-powered cotton mill, industrialisation of cotton occurred, which in earlier times 

had been processed in domestic workshops (Marcus 1974, 3; Messinger 1985, 6-8).  

In contemporaneous accounts Manchester during the Industrial Revolution was 

regarded as one of economic success and also as one of the unhealthiest urban centres in 

the country. With the rise in economic potential there was also a rise in population and 

thus in potential health hazards. The population boom started slowly, with 19,839 

individuals in 1751, but fifty years later the town was one of only six cities in the UK 

with a population over 50,000. By 1851 the population grew to 316213 individuals and 

the infrastructure of the city could not develop at the same pace (Belchem 1990, 37; 

Brown and Fraser 2010, 53-54; Kidd 1993, 11, 22; Marshall 1973, 33; Messinger 1985, 
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8, 10; Parkinson-Bailey 2000, 5, 33; Pooley and Pooley 1984, 149; Walton 2000, 130; 

Figure 4.6). 

 

 
Figure	  4.6	  The	  Albert	  bridge	  over	  the	  river	  Irwell,	  Manchester	  in	  1854	  (Image	  no	  longer	  under	  
copyright;	  from	  
http://upload.wikimedia.org/wikipedia/commons/c/cf/Albert_bridge_manchester_1854.jpg;	  
consulted	  17/04/2015).	  

	  
The urban living conditions were dire, with the poorest living in the centre of 

town and the higher social classes living on the outskirts. The centre of town was a 

spider’s web of small lanes, alleys and courtyards, with buildings crammed together in 

small spaces. Residential quarters were also close to the distilleries, slaughterhouses, 

and tanneries. Houses were being built rapidly, without a water supply, and with open 

drains onto the street. In one street there was one toilet for approximately 380 residents 

(Kidd 1993, 40; Marshall 1973, 34; Messinger 1985, 16, 22, 42; Parkinson-Bailey 2000, 

33-36).  

Crude mortality figures were above the national average (22 per thousand) with 

an average life expectancy of 38 years at birth. Working conditions were detrimental to 

health as the cotton workers worked in warm moist environments with physically 

demanding machinery, and the diet was not nutritious. Irritation of the skin, joint pain, 

and chest, throat and eye problems were common occurrences for the working poor 

(Kidd 1993, 47, 49; Messinger 1985, 23-24). 

In 1997 the Greater Manchester Archaeological Unit conducted a rescue 

excavation, with the help of Manchester University students. Approximately 90 boxes 

of skeletal material were sent to Durham University for skeletal analysis (Dr A. Millard 
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pers. comm.). It is believed that the material belonged to the main cemetery associated 

with Manchester Cathedral, which used to be the Collegiate Church of St Mary and was 

close to Hanging Ditch (Jennings 2006, 27). The Hanging Bridge was on the south side 

of the Cathedral, spanning the Hanging Ditch, and was one of the few medieval features 

that survived. In the nineteenth century different access routes became available and the 

Hanging Bridge became a narrow passageway. The Hanging Ditch was a course of 

water surrounding what was believed to be the historic centre of the town. By the late 

eighteenth century there were only parts of it that were still visible and the backfilled 

areas created the Hanging Ditch Street. The part that was still visible near the Hanging 

Bridge was used as an open sewer (Hartwell 2002, 235; Morris 1983, 45-48). 

The cemetery was overcrowded with the members of the Manchester parish and 

could thus have included a diverse range of the social classes. The cemetery was closed 

around 1850 following the Burial Act, however closure might have occurred earlier. 

Through analysis of some of the coffin fittings, the excavated skeletal remains may 

have belonged to the mid seventeenth until early nineteenth century (1650-1835), but 

there is the possibility that earlier burials are mixed in with the population (Groves 2001, 

19; Jennings 2006, 30-31). This research did not examine the boxes of charnel material 

available, but only focused on the distinct individuals (68 in total) and no previous 

excavation report was available. Unfortunately more historical information on this site 

was not available at the time of writing. 

 

 

4.2. Materials	  for	  the	  Rheumatoid	  Arthritis	  Research	  

Project	  

The populations that are included in the osteoarthritis section, described above, 

were also examined for the presence of rheumatoid arthritis. Only one potential 

individual with rheumatoid arthritis had previously been identified and this was from 

the South Shields site (Raynor et al. 2011, 63-64). Due to the scarcity of the condition, a 

further 18 potential individuals with rheumatoid arthritis were chosen from different 

sites in England, outwith the study sample described above, and from different time 

periods (Table 4.6). The cases were selected because they had previously been 

identified as providing evidence of erosive degeneration and they were examined with 

the hope of improving diagnostic criteria associated with rheumatoid arthritis.  
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From Barton-upon-Humber, St Peter’s cemetery there were three individuals 

(Table 4.6: 1-3) identified with rheumatoid arthritis by Dr Juliet Rogers (Waldron 

2007b). A further six individuals (Table 4.6: 4-9) were examined who had been 

classified under the “erosive arthropathy” category (Waldron 2007b, 68). These were 

included because some of them were identified with psoriatic arthritis and it may be 

difficult to distinguish between rheumatoid arthritis and psoriatic arthritis on dry bone.  

 

Nr	   Site	   Skeleton	  Nr	   Time	  Period	   Sex	   Age	  

1	   Barton-‐upon-‐
Humber	   342	  (F1244)	   Phase	  C	  (c1300-‐

1500	  AD)	   Female	   Adult	  

2	   Barton-‐upon-‐
Humber	   817	  (F7834)	   Phase	  C/D	  (c1150-‐

1500	  AD)	   Male	   Adult	  

3	   Barton-‐upon-‐
Humber	  

1622	  
(F4649)	  

Phase	  C/D	  (c	  
1150-‐1500	  AD)	   Male	   Adult	  

4	   Barton-‐upon-‐
Humber	  

1347	  
(F4649)	  

Phase	  A	  (c1700-‐
1855	  AD)	   Male	   45+	  

5	   Barton-‐upon-‐
Humber	  

1937	  
(F7009)	  

Phase	  A	  (c1700-‐
1855	  AD)	   Male	   45+	  

6	   Barton-‐upon-‐
Humber	   1995	   Phase	  B	  (c1500-‐

1700	  AD)	   Male	   45+	  

7	   Barton-‐upon-‐
Humber	  

2711	  
(F7561)	  

Phase	  C/D	  (c1150-‐
1500	  AD)	   Female	   45+	  

8	   Barton-‐upon-‐
Humber	   345	  (F1243)	   Phase	  D	  (c1150-‐

1300	  AD)	   Male	   Adult	  

9	   Barton-‐upon-‐
Humber	   1851	   Unknown	   Unknown	   Adult	  

10	   St	  Mary	  Spital	   SRP98	  
30910	   1200-‐1250	  AD	   Male	   36-‐45	  

11	   St	  Mary	  Spital	   SRP98	  
13589	   1250-‐1400	  AD	   Female	   46+	  

12	   St	  Mary	  Spital	   SRP98	  
17863	   1250-‐1400	  AD	   Male	   46+	  

Table	  4.6	  Overview	  of	  the	  cases	  that	  were	  specifically	  selected	  for	  examination	   in	  this	  PhD	  research	  
project.	  (table	  continued	  on	  the	  next	  page)	  
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Nr	   Site	   Skeleton	  Nr	   Time	  Period	   Sex	   Age	  

13	   St	  Mary	  Spital	   SRP98	  
10668	   1250-‐1400	  AD	   Female	   36-‐45	  

14	   St	  Mary	  Spital	   SRP98	  
11371	   1200-‐1250	  AD	   Male	   18-‐25	  

15	   Farringdon:	  St	  
Brides	  Lower	  

FAO90	  
1151	   1770-‐1849	   Female	   46+	  

16	   Cross	  Bones	  
burial	  ground	   REW92	  150	   1598-‐1853	   Intermediate	   36-‐45	  

17	   Cross	  Bones	  
burial	  ground	   REW92	  159	   1598-‐1853	   Female	   46+	  

18	   Durham	  City	  
Vision	  

DCV10	  
Sk12	  

18th	  –	  19th	  
century	   Female	   46+	  

Table	  4.6	  Overview	  of	  the	  cases	  that	  were	  specifically	  selected	  for	  examination	  in	  this	  PhD	  research	  
project.	  
 

The author contacted Ms Jelena Bekvalac to inquire about skeletons with erosive 

lesions in the collections of the Museum of London. A selection of eight cases was 

made (Table 4.6: 10-17) from three different cemeteries: St Mary Spital, Cross Bones 

and Farringdon: Lower St Brides, all from the London area.  

St Mary Spital is a medieval cemetery that was associated with the hospital of St 

Mary and the Augustinian priory located in East London and was founded in the twelfth 

century. It quickly developed into one of the largest hospitals in the country, with 180 

beds in 1350, but was later developed after the dissolution of the monasteries 

(http://archive.museumoflondon.org.uk/Centre-for-Human-Bioarchaeology/ access date: 

05/11/2013; Inwood 2000, 139; Porter 2000, 52).  

The Farringdon St Brides Lower cemetery received individuals from the poor 

classes of London, mainly from the Bridewell workhouse for “delinquents” and Fleet 

prison. The Lower cemetery came in to use due to overcrowding of the first cemetery 

and dates from the late eighteenth and nineteenth century (Kausmally 2008; Porter 2000, 

50).  

Two more individuals from London belonged to the Cross Bones burial ground 

that serviced poor individuals of St Saviour’s in Southwark and was originally a 

cemetery for prostitutes, but later became a paupers burial ground (Mikulski 2007).  

The final individual to be included was a skeleton excavated from the city centre 

of Durham in 2010. It belonged to the cemetery of St Nicholas’ Church in the Durham 

Market Place. Both the church and cemetery had been in use since the twelfth century 

AD, but the excavated skeletons were thought to belong to the latest phase of interment, 

the eighteenth and nineteenth century. St Nicholas’ churchyard closed in 1846 (Emery 

et al. 1997). 
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4.3. Methodology	  

The following sections will give a detailed overview of the methodology used in 

this research project. It first explains the sex and age estimation methods and categories 

employed here, followed by the methods for recording osteoarthritis and rheumatoid 

arthritis. Finally an overview of the data analysis is presented, including the database 

and statistical methods. 

 

4.3.1. Age	  and	  Sex	  Determination	  

Each individual included was independently analysed by the author and assigned 

a sex and age estimation independent of previous age or sex estimations. Sex 

estimations were based on the macroscopic analysis of the morphological differences 

between males and females observable in the pelvis and the skull. For the pelvis five 

features were scored and the scoring scale was divided as follows: 

-‐ Male 

-‐ Male? 

-‐ Undetermined 

-‐ Female? 

-‐ Female 

-‐ Element not available 

 

 For the pubic bone, the pubic shape and the subpubic angle were scored 

according to the Phenice (1969) method, and a revision by Klales et al. (2012) was 

taken into consideration. On the ilium, the greater sciatic notch, preauricular sulcus and 

auricular surface were assessed following the methods described in Buikstra and 

Ubelaker (1994, 16-18), Brickley (2004, 23-24) and Byers (2010, chapter 8).  

 A total of six features were analysed on the cranium and a further three were 

scored on the mandible, using the same scoring scale as shown above and based on the 

methods from Buikstra and Ubelaker (1994, 16-18), Brickley (2004, 23-24) and Byers 

(2010, Chapter 8). For the cranium the supraorbital ridges, orbital rims, frontal bone, 

posterior zygomatic arch, mastoid processes and the occipital protuberance were 

assessed. On the mandible the gonial angle, mandibular ramus and the mental eminence 

were analysed. Using the nine features on the skull and the five features on the pelvis an 

estimation of the sex was achieved. When the skull and the pelvis indicated two 
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different sexes on the scoring scale, priority was given to the pelvic assessment due to 

its greater reliability in assessing sex (Walker 1995; Klales et al. 2012). For clarity of 

presentation, the results chapter provides only three sex categories (male, undetermined 

and female), but all the results are also available in Appendix G, with the original five 

category classification scale employed. 

Due to the variable preservation of the collections, a range of methods were used 

to establish age-at-death. The age categories are largely based on the age ranges 

suggested in O’Connell (2004, 19-20): 

 

- Young Adult (20-35 years) 

- Middle Adult (35-50 years) 

- Old Adult (50+ years) 

- Adult (20+) 

	  

The decision was made to only include adults in this research and to exclude individuals 

below the age of 20 years because they are unlikely to exhibit primary joint 

degeneration in an advanced stage. All of the long bones had to be fully fused, which is 

usually the case by around the age of 20 years. Late fusing epiphyses such as the S1-S2 

junction in the sacrum (fuses between 16-32 years), the medial clavicle (fuses between 

19-30 years) and especially the cartilaginous jugular growth plate or jugular 

synchondrosis (fuses between 20-40 years), were taken into account to discern adult 

individuals (Byers 2010, chapter 8; Buikstra and Ubelaker 1994, 16-18; Maat and 

Mastwijk 1995; Scheuer and Black 2000, 63). 

There are many age estimation techniques available and the problems relating to 

them are well known and will not be repeated here. In order to estimate an age range 

several methods, depending on preservation and availability of skeletal elements, were 

employed. For the pelvis, the pubic symphysis and the auricular surface were the areas 

of the pelvis most used for age estimation (Brooks and Suchey 1990; Buckberry and 

Chamberlain 2002; Lovejoy et al. 1985). When neither of these skeletal elements were 

available the method for determining age from the sternal rib ends by Isçan et al. (1984; 

1985) and molar wear by Brothwell (1981, 72) were used. Molar wear is unreliable for 

Post-Medieval populations, thus it was only used in combination with the sternal rib 

ends method. Additionally, if the auricular surface and pubic symphysis indicated 

radically different age ranges, then the other methods, described above, would help to 

estimate an age estimation. The utilisation of all of these methods usually gave a general 
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age range that fitted into the phases shown above. When the skeletal elements used for 

age determination were not present or too fragmentary to use, an assessment of 

epiphyseal closure was made and the individual placed in the Adult (20+) age range. 

 

4.3.2. Osteoarthritis	  
Osteoarthritis is one of the most common pathologies to be found in skeletal 

material (Ortner 2003, 545), yet recording methods and analyses vary considerably 

between different studies. Here, a recording system was developed that contained the 

detailed information necessary for this research, but was simple to implement. 

 

4.3.2.i. Characteristics	  and	  Working	  Definition	  

Rogers and Waldron (1995) defined osteoarthritis as the presence of eburnation, 

or two of the following features: central osteophytes, marginal osteophytes, porosity or 

joint contour change. More recent studies have focussed on the presence of eburnation 

as the sole indicator of osteoarthritis in palaeopathology (Jurmain 1999; Molnar et al. 

2011; Weiss and Jurmain 2007) or have employed scoring systems using a multitude of 

markers (Jin Woo and Sciulli 2013; Klaus et al. 2009). The medical definition includes 

more features than eburnation alone (see Chapter 2). Osteoarthritis does not progress to 

eburnation spontaneously, rather the joint undergoes degenerative/reparative processes 

in order to compensate for the destruction of the healthy joint (Altman and Gold 2007; 

Burt et al. 2013). Thus the decision was made to create a composite method for this 

project. 

 Eburnation is recognised clinically as an advanced-stage characteristic of 

osteoarthritis and is also seen as pathognomonic for the disease (Resnick and Kransdorf 

2005, 361). However due to the clinically debated nature of characteristics such as 

osteophytes, porosity or joint contour changes, it was decided not to include them in the 

osteoarthritis working definition (Table 4.7). Rather a separate diagnosis of 

Degenerative Joint Change (DJC) was created to describe these particular 

degenerative/reparative changes. In the diagnosis Degenerative Joint Change (DJC), 

two of the following must be present: marginal osteophytes, central osteophytes, micro-

porosity/macro-porosity, or joint contour change. This diagnosis is based upon the fact 

that the author does not believe these changes should be overlooked, but is not evidence 

that these changes would eventually have led to eburnation in the joint of the deceased; 

thus the distinction from advanced-stage cartilage destruction must be maintained. 
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WORKING	  DEFINITION	  
	  

OSTEOARTHRITIS	  
	  

	  
DEGENERATIVE	  JOINT	  CHANGES	  (DJC)	  

	  
ê	   ê	  

-‐	  Eburnation	  (EB)	  

	  
-‐	  Marginal	  osteophytes	  (MO)	  
-‐	  Central	  osteophytes	  (CO)	  
-‐	  Micro	  porosity	  (Micro	  PO)	  	  
-‐	  Macro	  porosity	  (Macro	  PO)	  
-‐	  Joint	  contour	  change	  (JCC)	  
	  

Table	  4.7	  The	  working	  definition	  for	  the	  diagnosis	  of	  osteoarthritis	  and	  degenerative	  joint	  change.	  
	  

This research does not attempt to classify the extent or severity of the 

degenerative features in the analysis of the data; rather it employs the methodology of 

presence or absence. However during the data collection phase the author was mindful 

of potential future research, and thus a record was made of extent and severity 

according to the guidelines set forward by Buikstra and Ubelaker (1994, 122-123). This 

information is thus available in the databases for future use, but will not be discussed 

further in this thesis. 

Eburnation is classified as the polishing of the joint surface resulting in a shiny 

and sometimes grooved appearance of the articulations (Figure 4.7). It is the result of 

wear of cartilage resulting in bone-to-bone contact. Once the cartilage is destroyed 

eburnation develops when the joint continues to be used (Burt et al. 2013, 8; Ortner 

2003, 546; Waldron 2009, 28). 

 

 
Figure	  4.7	  Extensive	  eburnation	  on	  the	  lateral	  surface	  of	  the	  left	  distal	  femur	  and	  the	  lateral	  surface	  
of	  the	  left	  patella	  (Image	  by	  D.	  Craps,	  Barton-‐upon-‐Humber	  Sk.	  10).	  
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Osteophytes can be diagnosed as bone growth that most often occurs along the 

margins of the joints, but can also be present as flat bony exostoses on the joint surface 

(Figure 4.8). There are three types of osteophytes defined in clinical literature: the 

traction spur, the inflammatory spur and the true osteophyte or osteochondrophyte. The 

first two occur mainly at ligament and tendon insertion sites, whereas the latter develops 

in the junction between the synovium and the bone. It is the latter that has been recorded 

for this project. Osteophytes, in essence, are a response by the joint to excessive stresses 

placed upon it. They tend to occur in the least pressurised part of the joint, and they can 

sometimes be related to the start of cartilage degeneration (Resnick and Kransdorf 2005, 

360; Rymore 2013, 13; van der Korst 1991, 10). Osteophytes can thus be considered as 

a reparative pathology, rather than a degenerative one. The use of osteophytes in 

palaeopathological joint disease research is contested and even in the clinical literature 

the function and role of osteophytes in osteoarthritis is still debated (Chapter 2). 

 Another problem is that certain joints are more likely to develop osteophytes 

than other joints, for example the hip. No single causative factor for the development of 

osteophytes has been identified, although a number are implicated such as mechanical 

stresses, local inflammation, abnormal healing, attempt to compensate the loss of 

articular cartilage, etc. Whatever the cause, it is most likely due to a combination of 

factors (Menkes and Lane 2004; van der Kraan and van den Berg 2007; van der Korst 

1991). Osteophytes were recorded as part of the DJC definition, as they do indicate that 

the joint has been placed under stress, although they do not necessarily lead to 

osteoarthritis. 

 

 
Figure	  4.8	  Example	  of	  marginal	  and	  central	  osteophytes	  on	  the	  distal	  femur.	  (Image	  by	  D.	  Craps,	  
Barton-‐upon-‐Humber	  Sk	  191).	  
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Porosity can be described as a pitting of the joint surface. It differs from true 

erosions because it does not expose the underlying trabecular bone, but porosity can be 

connected to subchondral cysts (Waldron 2009). Porosity here was classified as either 

macro or micro porosity. Macro-porosity consisted of holes in the joint surface that 

were larger than 1mm in cross-section (Figure 4.9A). Micro-porosity was classified as 

holes that were less than 1 mm in cross section (Figure 4.9B). 

 

A   
 

B  
Figure	  4.9	  A.	  Example	  of	  macro-‐porosity	  in	  the	  acetabulum	  (Image	  by	  D.	  Craps,	  Fewston	  Sk	  080).	  B.	  
Example	  of	  microporosity	  in	  the	  distal	  femur	  (Image	  by	  D.	  Craps,	  Coronation	  Street	  Sk	  998).	  
	  

Joint contour change was defined as a flattening or widening of the normal joint 

contour (Waldron 2009). This excluded deformity of the joint surface by osteophytes, 

but rather the original outline of a normal joint surface was considered against the 

pathological bone (Figure 4.10). When encountering joint contour change, particular 

care was taken to identify whether the change was due to a developmental deformity 

and, in this case was not counted within the non-specific osteoarthritis/DJC category. 
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Figure	  4.10	  Example	  of	  joint	  contour	  change.	  Notice	  how	  the	  superior	  part	  of	  the	  trochlear	  notch	  is	  
normal	  in	  shape	  and	  size,	  however	  the	  inferior	  portion	  with	  the	  coronoid	  process	  has	  become	  wider	  
and	  flatter	  (Image	  by	  D.	  Craps,	  Durham	  City	  Vision	  collection).	  
	  

Care also needs to be taken in assigning importance to the osteological features 

of joint degeneration. Rothschild and Woods (2012, 4) have stated that eburnation is an 

indicator that the associated cartilage has completely worn away and, despite the fact 

that it indicates a severe form of the disease, it is not diagnostic of osteoarthritis. 

Rothschild and Woods (2012, 4) suggest, “eburnation is simply evidence that the 

cartilage destruction was so severe as to allow bone to rub on bone.” It is argued in this 

thesis that eburnation is the only palaeopathological feature that is a clear indicator of 

cartilage that has completely degraded and that the joint is in a severe state of 

degeneration, which is supported by Jurmain (1999, 35) and Rogers and Waldron (1995, 

13). If differential patterns between DJC and osteoarthritis are found in the data, then it 

would suggest that it is essential to make the differentiation between the two in 

palaeopathological joint degeneration research. Future studies could focus on the 

analysis of potential relationships between DJC and OA presence in populations.  

	  

4.3.2.ii. Recording	  Method	  

The following joints and skeletal elements were examined for the presence of 

osteoarthritis or DJC (Table 4.8). Due to time constraints, the spine and its associated 

joint surfaces were excluded from this research. 
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Joint	   Elements	  Examined	  

Temporomandibular	  joint*	  
-‐ Mandibular	  fossa	  
-‐ Mandibular	  condyle	  
(*Separate	  recording	  method)	  

Acromioclavicular	  joint	   -‐ Acromion	  process	  
-‐ Lateral	  end	  of	  the	  clavicle	  

Glenohumeral	  joint	   -‐	  Glenoid	  fossa	  
-‐	  Head	  of	  the	  humerus	  

Medial	  elbow	  joint	  
-‐ Trochlea	  
-‐ Olecranon	  Fossa	  
-‐ Head	  of	  Ulna	  

Lateral	  elbow	  joint	  
-‐ Capitulum	  
-‐ Head	  of	  radius	  
-‐ Radial	  notch	  on	  ulna	  

Hip	  joint	   -‐ Acetabulum	  
-‐ Head	  of	  the	  Femur	  

Medial	  patellofemoral	  joint	   -‐ Medial	  patella	  
-‐ Medial	  condyle	  of	  distal	  femur	  

Lateral	  patellofemoral	  joint	   -‐ Lateral	  patella	  
-‐ Lateral	  condyle	  of	  distal	  femur	  

Medial	  tibiofemoral	  joint	   -‐ Medial	  condyle	  of	  the	  tibia	  
-‐ Medial	  condyle	  of	  distal	  femur	  

Lateral	  tibiofemoral	  joint	   -‐ Lateral	  condyle	  of	  the	  tibia	  
-‐ Lateral	  condyle	  of	  distal	  femur	  

Wrist	  	  

-‐ Distal	  radius	  
-‐ Distal	  ulna	  
-‐ Scaphoid	  
-‐ Lunate	  
-‐ Triquetral	  
-‐ Pisiform	  
-‐ Trapezium	  
-‐ Trapezoid	  
-‐ Capitate	  
-‐ Hamate	  

Hand	   -‐ Proximal	  ends	  of	  the	  metacarpals	  
-‐ Phalanges	  (*separate	  recording	  method)	  

Ankle	  

-‐	  Distal	  tibia	  
-‐	  Distal	  fibula	  	  
-‐	  Talus	  
-‐	  Calcaneus	  
-‐	  Navicular	  
-‐	  Cuboid	  
-‐	  First	  cuneiform	  
-‐	  Second	  cuneiform	  
-‐	  Third	  cuneiform	  

Foot	   -‐	  Proximal	  ends	  of	  the	  metatarsals	  
-‐	  Phalanges	  (*separate	  recording	  method)	  

Table	  4.8	  Overview	  of	  the	  joint	  surfaces	  and	  bones	  that	  have	  been	  recorded	  for	  this	  research.	  
	  
	   The recording method is based on Waldron’s (1994, 59) suggestions in Counting 

the Dead: “To obtain the correct denominators will require the presence or absence of 
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each joint to be recorded; if information is required about a complex joint – the medial, 

lateral and patello-femoral compartments of the knee, for example – these will also 

have to be recorded separately. When reporting the prevalence of disease in complex 

joints it must be clearly stated whether the data relate to all compartments or to its 

separate compartments; it is probably best to report a prevalence, which relates to all 

compartments and sub-divide this if necessary. What should not be done, since it can be 

very confusing and defy comparison with other studies, is to devise complicated scoring 

systems, which amalgamate disease if it is present in more than one compartment. Thus 

if osteoarthritis were found to be present in both the medial and lateral compartments 

of the same knee, this can only be considered as a single case of osteoarthritis – not two 

– when expressing the prevalence of osteoarthritis in the knee.”. Hence greater focus on 

detailed recording of the individual compartments of the joints was employed here in 

order to allow for clinical comparisons.  

 A new recording form was developed (Appendix A) and the observations were 

then entered into a database in Excel. All joints, except for the temporomandibular joint 

and phalangeal joints, were recorded by the same method. Within each joint 

compartment the respective joint surfaces were separately recorded and the presence or 

absence of DJC or OA for the entire compartment was determined based on the 

definitions outlined in the above section (Table 4.9). 

 

Shoulder	  Joint	  
	  

A/P	  	   EB	   CO	   MO	  
Macro	  
PO	  

Micro	  
PO	   JCC	  

OA/	  
DJC	   Comment	  	  

Left	  
Acromioclavicular	  

Acromion	  
Process	   	  	   	   	  	   	  	   	  	   	  	   	  	  

	  	  

	  	  

Lateral	  
Clavicle	   	   	   	   	   	   	   	  

Left	  Glenohumeral	  

Glenoid	  
Fossa	   	   	   	   	   	   	   	  

	  	  
Head	  

Humerus	   	  	   	   	  	   	  	   	   	  	   	  	  

Right	  
Acromioclavicular	  

Acromion	  
Process	   	  	   	   	  	   	  	   	  	   	  	   	  	  

	  	  

	  	  

Lateral	  
Clavicle	   	   	   	   	   	   	   	  

Right	  
Glenohumeral	  

Glenoid	  
Fossa	   	   	   	   	   	   	   	  

	  	  
Head	  

Humerus	   	  	   	   	  	   	  	   	   	  	   	  	  
Table	  4.9	  Example	  of	  the	  recording	  method	  used	  for	  this	  project	  focussing	  on	  the	  acromioclavicular	  
and	  glenohumeral	  joints.	  A/P:	  Absent	  or	  Present;	  EB:	  Eburnation;	  CO:	  central	  osteophytes;	  MO:	  
Marginal	  osteophytes;	  Macro	  PO:	  Macro	  porosity;	  Micro	  PO:	  Micro	  porosity;	  JCC:	  Joint	  contour	  
change;	  OA/	  DJC:	  Osteoarthritis	  or	  Degenerative	  Joint	  Change.	  
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For the recording of temporomandibular joint disease, the classification system 

proposed by Rando and Waldron (2012) was used. Their article provides illustrations 

that demonstrate the changes that occur in the mandibular fossa and the mandibular 

condyle separately, diagnosis being made according to a three-scale system: minimal 

expression, moderate expression and florid expression. These expressions are based on 

the presence of the following characteristics: eburnation, osteophytes (marginal and 

central), porosity and joint contour change. Rando and Waldron (2012) concluded that 

eburnation is not a good criterion for determining the presence of osteoarthritis in the 

temporomandibular joint, as it rarely occurs. They suggested using the presence of at 

least two of the other criteria. The illustrations in this article were used as a guideline 

here (Figure	  4.11). 

 

A  B   

C  
Figure	  4.11	  The	  different	  stages	  of	  temporomandibular	  joint	  degeneration	  in	  the	  mandibular	  
fossa	  as	  observed	  in	  this	  research	  project	  and	  based	  on	  Rando	  and	  Waldron	  (2011).	  A.	  
Minimal,	  B.	  Moderate,	  C.	  Florid.	  (Images	  by	  D.	  Craps).	  
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There are no standardised methods for recording the phalanges in 

palaeopathology and in this study a record of each joint was necessary to ensure a full 

analysis. The decision was made to base the recording method for phalanges on medical 

practice. In joint disease research today a stylized figure is used (Gordon and Hastings 

1994, 3.4.3; Liang and Sturrock 1994, 2.1.6). The hand and foot are subdivided into 

specific joints (Figure 4.12) and this is the basis for the phalangeal recording system 

(Table 4.10).  

 

 
Figure	  4.12	  A	  skeletal	  diagram	  used	  in	  clinical	  settings	  for	  the	  assessment	  of	  the	  distribution	  of	  
joints	  affected	  by	  arthritis.	  Especially	  notice	  the	  hands	  and	  feet	  in	  the	  diagrams	  as	  they	  formed	  the	  
basis	  for	  the	  recording	  system	  used	  for	  each	  phalanx	  in	  this	  research	  (Drawing	  by	  D.	  Craps).	  
	  
Metacarpophalangeal	  

joint	  (MCP)	  
Proximal	  Interphalangeal	  

joint	  (PIP)	  
Distal	  Interphalangeal	  

Joint	  (DIP)	  
1A	   /	   1C	  
2A	   2B	   2C	  
3A	   3B	   3C	  
4A	   4B	   4C	  
5A	   5B	   5C	  

Table	  4.10	  The	  numbers	  represent	  each	  of	  the	  fingers,	  and	  the	  letters	  represent	  their	  position	  on	  the	  
ray.	  
 

For the joints of the hands and feet the proximal and distal surfaces of each joint 

were examined as a whole. A record was made of the state of preservation of each joint, 
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whether the joint was completely present and both joint surfaces were available for 

examination, or whether only one of the joint surfaces was present. If a degenerative 

change was present on both joint surfaces of a particular joint then it would not be 

counted twice. In order to correctly identify, assign a side, and record the different hand 

phalanges, the methods proposed by Case and Heilman (2006) were used. This article 

provides detailed photographs and illustrations of the differences between the hand 

phalanges and the accuracy of identification was estimated by them to be between 78 – 

100%. For the foot phalanges photographs in White and Folkens (2005) were utilised 

for identification purposes based on the morphological differences between them 

(Figure 4.13A, B, C, D). 

 

 

A  
Figure	  4.19A.	  The	  phalangeal	  joints	  of	  the	  right	  foot.	  A.	  The	  dorsal	  view	  of	  the	  distal	  foot.	  B.	  Dorsal	  
view	  of	  separate	  foot	  phalanges	  C.	  The	  plantar	  view	  of	  the	  distal	  foot.	  D.	  Plantar	  view	  of	  separate	  
foot	  phalanges	  (Drawings	  by	  D.	  Craps	  based	  on	  White	  and	  Folkens	  2005,	  288,	  301,	  302).	  
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B  
Figure	  4.19B.	  The	  phalangeal	  joints	  of	  the	  right	  foot.	  A.	  The	  dorsal	  view	  of	  the	  distal	  foot.	  B.	  Dorsal	  
view	  of	  separate	  foot	  phalanges	  C.	  The	  plantar	  view	  of	  the	  distal	  foot.	  D.	  Plantar	  view	  of	  separate	  
foot	  phalanges	  (Drawings	  by	  D.	  Craps	  based	  on	  White	  and	  Folkens	  2005,	  288,	  301,	  302).	  
 

C  
Figure	  4.19C.	  The	  phalangeal	  joints	  of	  the	  right	  foot.	  A.	  The	  dorsal	  view	  of	  the	  distal	  foot.	  B.	  Dorsal	  
view	  of	  separate	  foot	  phalanges	  C.	  The	  plantar	  view	  of	  the	  distal	  foot.	  D.	  Plantar	  view	  of	  separate	  
foot	  phalanges	  (Drawings	  by	  D.	  Craps	  based	  on	  White	  and	  Folkens	  2005,	  288,	  301,	  302).	  
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D  
Figure	  4.13D.	  The	  phalangeal	  joints	  of	  the	  right	  foot.	  A.	  The	  dorsal	  view	  of	  the	  distal	  foot.	  B.	  Dorsal	  
view	  of	  separate	  foot	  phalanges	  C.	  The	  plantar	  view	  of	  the	  distal	  foot.	  D.	  Plantar	  view	  of	  separate	  
foot	  phalanges	  (Drawings	  by	  D.	  Craps	  based	  on	  White	  and	  Folkens	  2005,	  288,	  301,	  302).	  
	  
	  

Osteoarthritis was identified by the presence of eburnation, but DJC was 

determined to be present when marginal osteophytes or joint contour changes were 

present, thus not following the Rogers and Waldron method (1995), but a clinical 

approach based on radiographic criteria (Altman and Gold 2007; Melvin 2003, 326). 

The reasoning for this was that when osteophytes or joint contour change were present 

in the metacarpophalangeal, proximal interphalangeal and distal interphalangeal joints, 

they were a good indication of degeneration of the joint surface. Altman and Gold 

(2007) based their radiographical classification on the presence of osteophytes or 

narrowing of the joint space (Figure 4.14). Melvin (2003, 326) specifically states  

“Osteophytes at these joints (interphalangeal joints) are diagnostic of osteoarthritis.”. 
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A  
 

B  
Figure	  4.14A&B	  Drawings	  based	  on	  the	  radiographs	  in	  Altman	  and	  Gold	  (2007,	  A4-‐A7)	  showing	  the	  
degeneration	  of	  the	  distal	  interphalangeal	  (A)	  and	  proximal	  interphalangeal	  (B)	  joints.	  The	  darker	  
shaded	  areas	  represent	  sclerosis	  of	  the	  bone,	  joint	  contour	  changes	  and	  osteophyte	  formation.	  The	  
normal	  joint	  is	  represented	  on	  the	  far	  left	  and	  the	  completely	  degenerated	  joint	  is	  on	  the	  far	  right	  
(Drawings	  by	  D.	  Craps).	  
	   	  

Soft tissue problems can also affect joints, complicating interpretation. 

Examples of this are rotator cuff degeneration in the shoulder, or dysplasia of the hip. 

During recording the author noted hips that had signs of dysplasia, according to the 

articles by Mitchell and Redfern (2007, 2011). A separate note was also made when 

degenerative changes were observed in the soft tissue insertion sites of the rotator cuff 

muscles on the head of the humerus, or when evidence was present of degeneration on 
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the inferior side of the acromion process, thus indicating laxity in the rotator cuff 

muscles that stabilise the head of the humerus. Henderson presented a poster at the 

Bone Research Society conference in Sheffield in 2014 that highlighted the importance 

of examining the changes that occur just outside of the joint margin on the humeral 

head, as they can indicate which rotator cuff muscle had been damaged.4  

This project also aimed to better understand the anatomical distribution of 

degenerative changes in the ball-in-socket and hinge joints. The following joints were 

examined in more detail: the glenohumeral joint, the hip joint, the elbow joint, the 

patellofemoral joint and the tibiofemoral joint. The goal of this was not to establish the 

presence of osteoarthritis or DJC, but rather a biomechanical examination of the 

potential clustering of pathological features within the bones of the joints and whether 

this differs between the joints. For example in the hip joint the acetabulum and head of 

the femur were scored separately and assigned a score of 0, when no degeneration was 

present, or 1 when pathological changes where present. Examining these patterns can 

then enlighten us on the potential weaknesses within the joints or the skeletal elements 

that are placed under more stress within a joint, which then results in pathological 

changes. 

Intra-observer testing occurred for a sample of the population and was done by 

random selection. Inter-observer testing occurred on a very small sample due to the fact 

that discussion between observers brought to light that clear pictures were needed to 

succeed in identifying the smaller changes related to DJC, and this was particularly 

evident for osteophytes and micro-porosity. The latter observation was also apparent for 

the intra-observer testing, where micro-porosity and small osteophytes proved difficult 

to identify. If eburnation was present, it was usually observed, unless the area of 

eburnation was particularly small. When central or marginal osteophytes were clearly 

present, they were observed in both inter-and intra-observer testing. Macro-porosity was 

easier to observe than micro-porosity. Joint contour change in the proximal ulna and the 

acetabulum was easily observed in both inter- and intra-observer testing, but it proved 

variable in other skeletal elements. These observations are not unusual, as a study by 

Waldron and Rogers (1991, 49) also showed that eburnation and central osteophytes are 

the changes where the most agreement existed between the observers. It was thus 

decided to include images when describing the changes that have been recorded for this 
                                                
4 Henderson, C. 2014. “The value of skeletal remains for understanding entheses.” 
Poster at Bone Research Society, 25-26th June 2014 Sheffield. 
https://www.academia.edu/7445655/The_value_of_skeletal_remains_for_understanding
_entheses (Consulted 01/10/2014) 
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thesis (Section 4.3.2.i), but this occurred at a later stage within the research, and due to 

time constraints the inter- and intra-observer testing could not be repeated. In the future, 

a recording system for degenerative changes should be accompanied by photographs 

that detail the changes, which should be recorded. 

 

4.3.2.iii. Analytical	  Methods	  

Firstly the data from the recording forms was entered into different excel 

documents that contained the information for the “major joints”, “wrist and hand”, 

“ankle and foot”, and “hand and foot phalanges”. These data were then exported into 

SPSS version 20 into a wide variety of databases that would allow for an in-depth 

analysis of the potential patterns. For the statistical analysis of the data Chi Square 

Fisher’s Exact tests were used, due to the nominal nature of the data. In order to test the 

strength of the statistically significant relationships (p .05) with age and sex the 

Cramer’s V test was used. The Cramer’s V test indicates how unlikely it is that the 

relationship was due to chance (Field 2005, 693). The scales used for this research are 

as follows: below 0.3 is a low association; between 0.3 - 0.5 is an association of 

moderate strength; from 0.5 upwards the association can be identified as strong. The p-

value associated with this percentage indicates the significance of the strength of this 

association. The choice of these tests was also influenced by the fact that several other 

joint studies in the past have used these particular tests for significance (Jurmain 1978; 

Waldron 1991; Weiss 2006). There were different Null Hypotheses used for the analysis 

of the data: 

- There is no statistically significant relationship between the sex categories and 

the presence/absence of DJC/OA/Unilateral or Bilateral changes in the X 

population. 

- There is no statistically significant relationship between the age categories and 

the presence/absence of DJC/OA/Unilateral or Bilateral changes in X joint in the 

X population. 

 

Each test attempted to disprove the Null Hypothesis. 

 In this study the term prevalence is used for the percentages of DJC or 

osteoarthritis that are present in the populations under examination. Prevalence refers to 

a “proportion of the population with a specified condition at any one time” (Waldron 

1994, 42). In order to obtain the prevalence, the number of cases must be divided by the 

total cemetery population. However when the denominator is the whole cemetery 
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population the resulting prevalence can be described as crude, as not every person in the 

sample will have the specific joint preserved. However as described by Wood et al. 

(1992), the preservation of skeletal elements is variable and it is thus not possible to 

assume that every person in the skeletal sample will have all of the same joints present. 

When this assumption is made then the author should refer to the prevalence as a crude 

prevalence. For this research a different approach was utilised, using corrected 

prevalence rates suggested by Waldron (1994, 54). The corrected prevalence rates (also 

referred to as true prevalence rates or TPRs) are based on dividing the number of 

DJC/osteoarthritis joints affected by the number of joints present for analysis; this is 

regarded as a more accurate reflection of disease prevalence. In the rest of this thesis the 

abbreviation TPR will be used to refer to corrected prevalence rate, as the term true 

prevalence rate or TPR is more commonly used in the literature. 

 There are different ways to calculate TPR and each represents an aspect of the 

data that can provide information on the presence of DJC or osteoarthritis. In the results 

chapter, tables with a detailed overview are presented on the number of skeletal 

elements without changes, those with DJC or osteoarthritis and the number of 

unilateral/bilateral cases of degeneration that are present within the joint (only the left or 

the right side affected, or both affected). This information is presented for each site and 

as combined rural or urban sites. The “total present” category refers to the total number 

of skeletal elements that were present for analysis. There are three different types of 

TPRs that are presented; each is based on the number of joint changes divided by the 

total skeletal elements that were preserved and multiplied by 100 to achieve a 

percentage:  

- Site specific TPR %: The number of cases of DJC or osteoarthritis is divided by 

the total skeletal elements present within the specific site under examination. 

- Combined (Rural/Urban) TPR %: The number of cases of DJC or osteoarthritis 

is divided by the total skeletal elements present within either the total rural or 

the total urban sample. 

 

The following section discusses the methodology used for the identification of 

rheumatoid arthritis. 
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4.3.3. Rheumatoid	  Arthritis	  

4.3.3.i. Characteristics	  and	  Working	  Definition	  

The pathological features of rheumatoid arthritis that can be discerned on the 

skeleton are: osteoporosis, marginal and central erosions, subchondral cysts 

(radiography), bony ankylosis and deformity, subluxation, fracture, dislocation and 

sclerosis. A set of diagnostic criteria for the disease has been established based upon a 

combination of information on the skeletal expression of the disease from Ortner (2003), 

Rogers and Waldron (1995) and Waldron (2009) and a range of clinical sources. Table 

4.11 illustrates the appearance and location of the disease for skeletal remains and also 

indicates the occasions when a diagnosis of rheumatoid arthritis cannot be made or is 

uncertain. Based upon Table 4.11 a recording form was created that can be consulted in 

Appendix A.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 139 

Set	  of	  Diagnostic	  Criteria	  for	  Rheumatoid	  Arthritis	  in	  Palaeopathology	  
Appearance:	   Symmetrical	  joint	  involvement	  

Erosive	  lesions	  exposing	  the	  subchondral	  bone,	  and	  cysts	  in	  the	  
subchondral	  bone	  
Marginal	  erosive	  lesions	  that	  can	  extend	  towards	  the	  centre	  of	  the	  
joint	  surface	  
Non-‐proliferative,	  even	  when	  the	  joints	  are	  affected	  by	  secondary	  
osteoarthritis	  and	  thus	  minimal	  new	  bone	  formation	  
No	  changes	  in	  the	  sacroiliac	  joints	  
Marginal	  erosive	  lesions	  can	  occur	  in	  the	  upper	  cervical	  vertebrae	  
Ankylosis	  is	  possible	  in	  carpals	  and	  tarsals	  with	  a	  porous	  appearance	  
exposing	  underlying	  trabeculae;	  however,	  this	  is	  not	  common	  and	  
could	  mean	  an	  alternative	  diagnosis	  
Osteopenia	  can	  occur	  leading	  to	  osteoporosis	  
Subluxation	  occurs	  in	  metacarpophalangeal	  joints,	  with	  deviation	  to	  
the	  ulnar	  side	  and	  resulting	  in	  a	  joint	  contour	  change.	  

	  
Location:	   Hands	  must	  be	  involved,	  especially	  the	  metacarpophalangeal	  and	  the	  

proximal	  interphalangeal	  joints.	  Distal	  interphalangeal	  joints	  can	  be	  
affected,	  but	  usually	  in	  a	  minor	  way.	  
Carpals	  
Less	  common	  than	  wrist	  and	  hand,	  but	  the	  tarsals,	  tarsometatarsal,	  
metatarsophalangeal	  and	  phalangeal	  joint	  of	  the	  toes	  can	  also	  be	  
involved.	  
Knee	  
Shoulder	  
Elbow	  
Cervical	  Spine	  
Temporomandibular	  joint	  (in	  25%	  of	  cases)	  
Axial	  involvement	  is	  uncommon,	  except	  for	  the	  cervical	  spine.	  

	   	  
When	  is	  
diagnosis	  
uncertain?	  

Fusion	  of	  the	  spine	  
Sacroiliac	  joint	  fusion	  or	  inflammation	  
Presence	  of	  reactive	  bone	  when	  fusion	  in	  the	  carpals	  or	  tarsals	  is	  
present	  
Absence	  of	  hand	  or	  wrist	  bones	  
Extensive	  new	  bone	  formation	  

Table	  4.11	  The	  set	  of	  diagnostic	  criteria	  for	  rheumatoid	  arthritis	  in	  palaeopathology.	  
	  
 

4.3.3.ii. Recording	  Method	  

The recording method for rheumatoid arthritis was similar to that used for 

osteoarthritis, but with a higher level of detail. Every joint in the body was examined for 

erosive lesions that start around the margins and then encroach upon the joint surface in 

more advanced cases. An initial examination was conducted to detect any erosive 

lesions in the areas where rheumatoid arthritis commonly occurs: the hands, feet, wrists, 
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elbow, shoulder and cervical spine. If erosions were detected then the sacroiliac joint 

was examined for lesions to determine whether another seronegative arthropathy could 

be diagnosed, such as ankylosing spondylitis, psoriatic arthritis, etc. 

Once the previous steps were undertaken, a full inventory of the preserved bones 

and their state of preservation was made following the guidelines provided by BABAO 

using the adult skeletal record sheet and the adult skeletal inventory (Brickley and 

McKinley 2004, Appendices 3 and 5). An exact description of the placement and shape 

of the lesions was then undertaken along with the creation of a photographic record 

using a Nikon D300 with a Nikkor standard lens (35-75mm). Measurements of the 

lesions were taken with a pair of Vita Calipers. When possible, radiographs were also 

taken of the relevant lesions to examine the extent of the lesions, detect subchondral 

cysts and whether there was osteoporosis present in the bone. Anteroposterior 

radiographs were taken at the Department of Archaeology, Durham University with an 

MPX+ Mobile Radiograph System (PK 11543) at a setting 80 KVP and 0.640 mAs. The 

radiographs were scanned with a Computed Radiography Imaging Kodak CR120. 

 

4.3.3.iii. Method	  of	  Analysis	  

Once all of the individuals were recorded macroscopically, photographically and 

radiographically, this evidence was integrated and each individual assessed on a case-

by-case basis.  The age and sex of the individual, the distribution of the lesions, the 

appearance of the lesions, radiographs, and comparison with known rheumatoid arthritis 

cases were taken into account in order to make a potential diagnosis. The set of 

diagnostic criteria table was used as a checklist for rheumatoid arthritis features.  

 The results based upon the analysis of the data collected according to the 

methodology described above, are presented in two results chapters. The osteoarthritis 

results present an in-depth population study of the five different Post-Medieval sites 

included in this project, their relationships between each other, and the observed 

patterns. The results for rheumatoid arthritis present the analysis of a selected number of 

individual skeletons according to the principles explained in this chapter. 
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Chapter	  5. Osteoarthritis	  Results	  
In this chapter the results from the analysis of osteoarthritis are presented. Firstly the 

demographic distributions of individuals for the separate archaeological sites are 

examined. The preservation levels of the bones of the joints are also discussed in order 

to provide a better understanding of the percentages of joints available for analysis and 

for calculating TPR. A more detailed overview of the preservation levels is available in 

Appendix B. The second part of this chapter is the most substantial. For each joint the 

results are discussed for the separate sites and these results are then collated into the 

rural and urban categories for comparison. Appendix D provides the results of the 

patterns of joint disease for the total population sample (rural and urban combined). 

Appendices B and C are referred to in the text. Additional results, organised per site, are 

available for consultation in Appendix G, but will not be referred to in this chapter. The 

results for the hands and feet are presented separately, because poor preservation and 

low prevalence rates of degenerative disease were limiting factors in the analysis of 

these elements. The final section of the chapter focuses on the differential distribution 

of lesions within the separate bones of the joints.  

 

5.1. Preservation	  and	  Demographic	  Distribution	  of	  the	  

Research	  Sample	  

Within this section the distribution of males and females and the age ranges 

between the cemetery populations are presented (Table 5.1 and Table 5.2). The 

reassessment of age and sex was undertaken in order to standardise the results and was 

viewed as particularly important given the significance of age-at-death as an 

aetiological factor in the presence of joint disease.  

A total of 539 individuals were analysed. Overall there were fewer individuals in 

the total rural sample (203) than in the urban sample (336).  This reflects a general bias 

in the skeletal evidence currently available from post-medieval cemetery sites. Fifty-one 

individuals of the total sample could not be assigned a sex, either because the bone 

elements for sex estimation were not present, or they were too fragmented. Overall, 

there was a small predominance of females, although the proportions of males and 

females in the rural and urban populations were broadly similar which facilitated 

comparisons between these two groups.  
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Male	   Male?	   Unknown	   Female?	   Female	   Total	  

	  
n	   %	   n	   %	   n	   %	   n	   %	   n	   %	   	  

Fewston	   19	   12.7	   17	   24.6	   19	   37.3	   23	   25.8	   19	   10.6	   97	  
BuH	   37	   24.7	   8	   11.6	   3	   5.9	   11	   12.4	   47	   26.1	   106	  
Total	  RURAL	   56	   27.6	   25	   12.3	   22	   10.8	   34	   16.7	   66	   32.5	   203	  
	   	   	   	   	   	   	  
HD	   15	   10.0	   11	   15.9	   4	   7.8	   16	   18.0	   22	   12.2	   68	  
CL	   47	   31.3	   22	   31.9	   10	   19.6	   29	   32.6	   40	   22.2	   148	  
CS	   32	   21.3	   11	   15.9	   15	   29.4	   10	   11.2	   52	   28.9	   120	  
Total	  URBAN	   94	   28.0	   44	   13.1	   29	   8.6	   55	   16.4	   114	   33.9	   336	  
	   	   	   	   	   	   	  
TOTAL	  ALL	  
SITES	   150	   27.8	   69	   12.8	   51	   9.5	   89	   16.5	   180	   33.4	   539	  

Table	  5.1	  Distribution	  of	  individuals	  between	  the	  sex	  categories	  in	  the	  separate	  sites	  (BuH=	  Barton-‐
upon-‐Humber;	  HD=	  Hanging	  Ditch;	  CL=	  Coach	  Lane;	  CS=	  Coronation	  Street;	  n=	  number	  of	  individuals).	  
 

When examining age-at-death, most of the individuals were categorised as 

middle and old adults (Table 5.2). Approximately a quarter of individuals in total could 

only be assigned to the ‘adult’ category (25.6%). The age-at-death distribution in the 

rural populations showed few young adults, and the numbers in the middle and old adult 

age ranges were similar. In the urban populations a higher proportion of young adults 

were present than in rural populations, and the other age categories had a more even 

distribution.  

 

	  
Young	  Adult	   Middle	  Adult	   Older	  adult	   Adult	   Total	  

	  
n	   %	   n	   %	   n	   %	   n	   %	   	  

Fewston	   12	   12.2	   20	   12.7	   15	   10.3	   50	   36.2	   97	  
BuH	   14	   14.3	   41	   26.1	   46	   31.5	   5	   3.6	   106	  
Total	  RURAL	   26	   12.8	   61	   30.0	   59	   29.1	   55	   27.1	   203	  
	   	   	   	   	   	  
HD	   20	   20.4	   25	   15.9	   12	   8.2	   11	   8.0	   68	  
CL	   33	   33.7	   40	   25.5	   35	   24.0	   40	   29.0	   148	  
CS	   19	   19.4	   31	   19.7	   38	   26.0	   32	   23.2	   120	  
Total	  URBAN	   72	   21.4	   96	   28.6	   85	   25.3	   83	   24.7	   336	  
	   	   	   	   	   	  
Total	  ALL	  SITES	   98	   18.2	   157	   29.1	   146	   27.1	   138	   25.6	   539	  
Table	  5.2	  Distribution	  of	  individuals	  between	  the	  age	  categories	  in	  separate	  sites.	  
 

 As was stated in Chapter 4, the sex categories were represented in a simplified 

version for assessing the results, and for further analysis; however, previous studies 

have shown that younger males may be misclassified as females and older females as 

males (Gowland 2007, 164; Milner and Boldsen 2012, 279; Walker 1995, 36). The 
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author decided to analyse the data to check whether any such bias was likely to have 

altered the sex estimation in this study (Table 5.3). 

 

  Fewston	   BuH	   HD	   CL	   CS	  

 N	   %	   N	   %	   N	   %	   N	   %	   N	   %	  

Young	  
Adult	  

Male	   2	   2.1	   3	   2.8	   7	   10.3	   20	   13.5	   4	   3.3	  
Unknown	   0	   0	   0	   0	   0	   0	   0	   0	   1	   0.8	  
Female	   10	   10.3	   11	   10.4	   13	   19.1	   13	   8.8	   14	   11.7	  

              

Middle	  
Adult	  

Male	   14	   14.4	   17	   16.0	   9	   13.2	   18	   12.2	   15	   12.5	  
Unknown	   0	   0	   0	   0	   1	   1.5	   0	   0	   0	   0	  
Female	   6	   6.2	   24	   22.6	   15	   22.1	   22	   14.9	   16	   13.3	  

              

Old	  
Adult	  

Male	   10	   10.3	   21	   19.8	   7	   10.3	   21	   14.2	   18	   15.0	  
Unknown	   0	   0	   3	   2.8	   1	   1.5	   0	   0	   0	   0	  
Female	   5	   5.2	   22	   20.8	   4	   5.9	   14	   9.5	   20	   16.7	  

              

Adult	  
Male	   10	   10.3	   4	   3.8	   3	   4.4	   10	   6.8	   6	   5.0	  
Unknown	   19	   19.6	   0	   0	   2	   2.9	   10	   6.8	   14	   11.7	  
Female	   21	   21.6	   1	   0.9	   6	   8.8	   20	   13.5	   12	   10.0	  

	  	   	   	   	   	   	   	   	   	   	   	   	  
TOTAL	   97	   106	   68	   148	   120	  

Table	  5.3	  Overview	  of	  the	  number	  of	  individuals	  in	  each	  separate	  site	  subdivided	  by	  age	  and	  then	  by	  
sex.	  N=	  Number	  of	  individuals;	  %=	  Prevalence	  (BuH=	  Barton-‐upon-‐Humber;	  HD=	  Hanging	  Ditch;	  CL=	  
Coach	  Lane;	  CS=	  Coronation	  Street).	  
 

Young adult females were more frequent than males in all populations except 

for Coach Lane. However, a Fisher’s Exact test indicated that there was a statistically 

significant relationship between age and sex only in the Fewston population sample (p-

value < .05) and, according to a Cramer’s V test, there was a strong association between 

these variables (.419, p.003). When combining the results for the sites into rural and 

urban samples it was clear that young adult females were more frequent than young 

adult males in both the rural and urban samples (Figure 5.1). In the middle adults this 

pattern remained for the urban sample, but in the rural sample males were more frequent 

than females. More males were present in old adults in both the rural and urban samples. 

Fisher’s Exact tests indicated that there was a statistically significant relationship 

between age and sex in the rural population (p-value < .05), but the association was 

weak according to a Cramer’s V test (.235, p.018). It can thus be stated that while a 

small bias within any study cannot be avoided, the statistical significance tests indicated 
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that only for Fewston was a relationship observed between age and sex, and thus a 

potential bias could have been present. 

 

 
Figure	  5.1	  Overview	  of	  the	  number	  of	  individuals	  in	  the	  rural	  and	  urban	  sites	  subdivided	  by	  age	  and	  
then	  by	  sex.	  
 

The importance of preservation of skeletal remains in the analysis of 

archaeological populations was highlighted by Wood et al. (1992). The following gives 

a general overview of the preservation levels of the joints and bones available. In 

Appendix B the tables with the exact numbers of preservation for each joint and bone 

are present for consultation. The large joints within this population sample were well 

preserved (Figure 5.2). The best-preserved joint was the hip, with the 

temporomandibular, glenohumeral and medial elbow joint also showing preservation 

levels of more than 70%. The lowest preservation was found in the acromioclavicular 

joint. 
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Figure	  5.2	  Percentage	  presence	  of	  the	  major	  joints	  that	  were	  examined.	  
 

Within the wrist joint the bones were recorded separately to avoid overly 

complicating the analysis by dividing the wrist into the many different articulations. It 

was noticeable that the smaller bones of the wrist were less well preserved compared to 

the larger bones, irrespective of anatomical position (Figure 5.3). The best preserved 

bone was the scaphoid and the least was the pisiform, which is easily missed at 

excavation. The differential preservation levels of these bones need to be taken into 

account when conducting data analysis. 

 

 
Figure	  5.3	  Percentage	  presence	  of	  the	  wrist	  bones.	  
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The metacarpals had similar preservation levels as the carpals, ranging from 

36% up to 56%. As with the carpals, the largest of the metacarpals, the second and third, 

were better recovered/preserved post-excavation (Figure 5.4).  

 

 
Figure	  5.4	  Percentage	  presence	  of	  the	  metacarpal	  bones.	  
 

The tarsal bones had a preservation level similar to the carpals. The bone that 

was least preserved was the second cuneiform and the best preserved were the talus and 

the calcaneus. From Figure 5.5 it was clear that the larger bones and the bones closer to 

the legs were better preserved. 

 

 
Figure	  5.5	  Percentage	  presence	  of	  the	  ankle	  and	  tarsal	  bones.	  
 



 147 

The metatarsals had similar preservation levels to the metacarpals at 

approximately half of the total sample. In contrast to the metacarpals there were no 

large differences between the preservation levels of the different metatarsals (Figure 

5.6).  

 

 
Figure	  5.6	  Percentage	  presence	  of	  the	  metatarsal	  bones.	  
 

For the hand phalanges, the data were presented by joint rather than by 

individual bone (as described in section 4.3.2.2). The presence of the hand phalanges in 

the sample was variable. It was to be expected that the distal interphalangeal joints (C) 

were not as well preserved as the metacarpophalangeal joints (A), because they are 

smaller (Figure 5.7). The highest levels of preservation were found in the first, second 

and third metacarpophalangeal joints. Of the proximal interphalangeal joints (B), the 

third had the highest level of preservation, while the first distal interphalangeal joint 

was the best preserved.  
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Figure	  5.7	  Percentage	  presence	  of	  the	  hand	  phalanges.	  A=	  Metacarpophalangeal	  joints;	  B=	  Proximal	  
Interphalangeal	  joints;	  C=	  Distal	  Interphalangeal	  joints.	  
 

The preservation levels of the foot phalanges were particularly poor. As for the 

hand phalanges, better preservation was found at the metacarpophalangeal joints and 

this dropped rapidly when looking at the proximal interphalangeal and distal 

interphalangeal joints (Figure 5.8). The first and second rays presented the highest 

preservation levels for the phalanges, which could once again be attributed to the size of 

the bones. The very low levels of the DIP joints must be taken into account when 

interpreting the evidence for degenerative disease at this site. 

 

 
Figure	  5.8	  Percentage	  presence	  of	  the	  foot	  phalanges.	  
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5.2. Exploring	  Degenerative	  Patterns	  within	  the	  Separate	  

Sites	  and	  the	  Rural/Urban	  Environment	  	  

The following section is organized by joint, and systematically analyses each joint 

on a site-specific basis and also through a rural-urban comparison.  

 

5.2.1. The	  Temporomandibular	  Joint	  

In the temporomandibular joint the preservation levels were highest for Barton-

upon-Humber and lowest for Fewston, but were in general good across the sites (Table 

B.1). Site specific TPRs for minimal degeneration were similar between the populations. 

Moderate site specific TPRs were highest for Barton-upon-Humber, and Coach Lane 

had the highest TPRs in the florid category (Table 5.4). In Fewston, Barton-upon-

Humber and Hanging Ditch the levels of unilateral and bilateral degeneration were 

similar, in Coach Lane more bilateral cases were recorded, while at Coronation Street 

more unilateral cases were present (Table 5.4). 

 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	  	   43	   43	   64	   64	   41	   44	   96	   94	   78	   69	  
Minimal	  	   11	   10	   15	   17	   8	   6	   21	   23	   12	   15	  
Moderate	  	   2	   2	   7	   5	   1	   1	   6	   4	   1	   3	  
Florid	   0	   0	   1	   0	   0	   0	   5	   6	   1	   0	  
Unilateral	   8	   15	   6	   16	   13	  
Bilateral	   8	   15	   5	   24	   9	  
Total	  cases	  
present	   56	   55	   87	   86	   50	   51	   128	   127	   92	   87	  

	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  
%	  Minimal	   19.6	   18.2	   17.2	   19.8	   16.0	   11.8	   16.4	   18.1	   13.0	   17.2	  

Site	  specific	  TPR	  
%	  Moderate	   3.6	   3.6	   8.0	   5.8	   2.0	   2.0	   4.7	   3.1	   1.1	   3.4	  

Site	  specific	  TPR	  
%	  Florid	   0	   0	   1.1	   0	   0	   0	   3.9	   4.7	   1.1	   0	  

Table	  5.4	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  
temporomandibular	  joint.	  
 

When comparing the combined rural or urban TPRs, the rural populations had 

higher levels of minimal and moderate degeneration, whereas the urban populations had 
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the highest TPRs in the florid category (Table 5.5). In both the rural and urban 

populations the levels of unilateral and bilateral degeneration were similar. 

 

	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   107	   107	   215	   207	  
Minimal	   26	   27	   41	   44	  
Moderate	   9	   7	   8	   8	  
Florid	   1	   0	   6	   6	  
Unilateral	   23	   35	  
Bilateral	   23	   38	  
Total	  Present	  Rural/Urban	   143	   141	   270	   265	  
	   %	   %	  
Combined	  TPR	  %	  Minimal	   18.2	   19.1	   15.2	   16.6	  
Combined	  TPR	  %	  Moderate	   6.3	   5.0	   3.0	   3.0	  
Combined	  TPR	  %	  Florid	   0.7	   0.0	   2.2	   2.3	  

Table	  5.5	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
temporomandibular	  joint.	  
 

There were no statistically significant relationships between degeneration in the 

temporomandibular joint and sex in any of the examined sites (Table 5.6). The 

statistically significant relationships observed with age are of moderate strength in 

Hanging Ditch and weak in Coach Lane according to Cramer’s V tests. When the rural 

and urban samples were examined no statistically significant relationships were 

observed between with either sex or age (Table 5.7).  

 

	   Fewston	   BuH	   HD	   CL	   CS	  

SE
X	  

Left	   X	   X	   X	   X	   X	  
Right	   X	   X	   X	   X	   X	  
Unilateral/
Bilateral	  

X	   X	   X	   X	   X	  

	  

AG
E	  

Left	   X	   X	  
10.111,	  p.046	  
(.325,	  p.066)	  

X	   X	  

Right	   X	   X	  
10.857,	  p.017	  
(.356,	  p.027)	  

X	   X	  

Unilateral/
Bilateral	  

X	   X	  
10.637,	  p.034	  
(.314,	  p.082)	  

2.273,	  p.048	  
(.217,	  p.043)	  

X	  

Table	  5.6	  Statistical	  significance	  test	  of	  the	  temporomandibular	  joint	  results	  using	  the	  Fisher’s	  Exact	  
test.	  The	  Cramer’s	  V	  test	  results	  are	  between	  brackets.	  
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	   Rural	   Urban	  

SEX	  

Left	   X	   X	  
Right	   X	   X	  
Unilateral/
Bilateral	  

X	   X	  

	  

AGE	  

Left	   X	   X	  
Right	   X	   X	  
Unilateral/
Bilateral	  

X	   X	  

Table	  5.7	  Statistical	  significance	  tests	  of	  rural	  and	  urban	  temporomandibular	  joint	  degeneration	  using	  
Fisher’s	  Exact	  test.	  The	  Cramer’s	  V	  test	  results	  are	  between	  brackets.	  
 

Despite the fact that statistical tests could not detect significant relationships, 

there were still patterns to be observed. In Barton-upon-Humber, Coach Lane and 

Coronation Street, females were more affected by degeneration than males. In Fewston, 

males were more affected than females and, in Hanging Ditch, the left joint was more 

commonly affected in females and the right joint in males (Table 5.8). In all populations, 

where florid cases were observed, females were more affected by florid degeneration.  

When combining the previously described results with regard to sex into the rural and 

urban samples, similar patterns emerged. In both the rural and urban samples females 

were more affected by minimal, moderate and florid changes than males. However it is 

interesting that on the left side the differences between the sexes were more expressed 

than on the right side (Figure 5.9). 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

M
in
im

al
	  

M	  
Nr	   6	   28	   5	   38	   2	   21	   9	   63	   6	   37	  
%	   21.4	   13.2	   9.5	   14.3	   16.2	  

U	  
Nr	   0	   0	   0	   2	   0	   2	   1	   4	   0	   0	  
%	   0	   0	   0	   25.0	   0	  

F	  
Nr	   5	   28	   10	   48	   6	   27	   11	   61	   6	   55	  
%	   17.9	   20.8	   22.2	   18.0	   10.9	  

M
od

er
at
e	  

M	  
Nr	   2	   28	   1	   38	   0	   21	   3	   63	   0	   37	  
%	   7.1	   2.6	   0	   4.8	   0	  

U	  
Nr	   0	   0	   1	   2	   0	   2	   0	   4	   0	   0	  
%	   0	   50.0	   0	   0	   0	  

F	  
Nr	   0	   28	   5	   48	   1	   27	   3	   61	   1	   55	  
%	   0	   10.4	   3.7	   4.9	   1.8	  

Fl
or
id
	  

M	  
Nr	   0	   28	   0	   38	   0	   21	   1	   63	   0	   37	  
%	   0	   0	   0	   1.6	   0	  

U	  
Nr	   0	   0	   0	   2	   0	   2	   0	   4	   0	   0	  
%	   0	   0	   0	   0	   0	  

F	  
Nr	   0	   28	   1	   48	   0	   27	   4	   61	   1	   55	  
%	   0	   2.1	   0	   6.6	   1.8	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

M
in
im

al
	  

M	  
Nr	   6	   24	   6	   38	   2	   20	   11	   62	   7	   36	  
%	   25.0	   15.8	   10.0	   17.7	   19.4	  

U	  
Nr	   0	   0	   0	   2	   0	   1	   0	   5	   0	   0	  
%	   0	   0	   0	   0	   0	  

F	  
Nr	   4	   31	   11	   46	   4	   30	   12	   60	   8	   51	  
%	   12.9	   23.9	   13.3	   20.0	   15.7	  

M
od

er
at
e	  

M	  
Nr	   1	   24	   3	   38	   0	   20	   1	   62	   0	   36	  
%	   4.2	   7.9	   0	   1.6	   0	  

U	  
Nr	   0	   0	   0	   2	   0	   1	   1	   5	   0	   0	  
%	   0	   0	   0	   20.0	   0	  

F	  
Nr	   1	   31	   2	   46	   1	   30	   2	   60	   3	   51	  
%	   3.2	   4.3	   3.3	   3.3	   5.9	  

Fl
or
id
	  

M	  
Nr	   0	   24	   0	   38	   0	   20	   2	   62	   0	   36	  
%	   0	   0	   0	   3.2	   0	  

U	  
Nr	   0	   0	   0	   2	   0	   1	   0	   5	   0	   0	  
%	   0	   0	   0	   0	   0	  

F	  
Nr	   0	   31	   0	   46	   0	   30	   4	   60	   0	   51	  
%	   0	   0	   0	   6.7	   0	  

Table	  5.8	  Number	  of	  cases	  (Nr)	  of	  degeneration	  (C)	  and	  total	  sample	  for	  analysis	  (T)	  and	  TPRs	  (%)	  
compared	  with	  sex	  (M=	  Male;	  U=	  Unknown	  adult;	  F=	  Female)	  for	  the	  temporomandibular	  joint	  in	  the	  
separate	  sites.	  
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Figure	  5.9	  Distribution	  of	  degeneration	  in	  the	  rural	  and	  urban	  temporomandibular	  joints	  between	  the	  
sex	  categories.	  
 

The unilateral/bilateral distribution of degeneration in the temporomandibular 

joint was also not related to sex for any of the sites. However, while there were site 

specific differences between the sexes in each population, the combined rural/urban 

samples indicate that levels of unilateral and bilateral degeneration are quite similar in 

the rural sample, and there were more cases of bilateral degeneration in females on the 

urban sample (Figure 5.10).  

 

 
Figure	  5.10	  Distribution	  of	  unilateral/bilateral	  degeneration	  in	  the	  temporomandibular	  joint	  between	  
the	  sex	  categories.	  
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In all the populations, levels of degeneration increased throughout the age 

categories (Table 5.9). Moderate and florid degeneration were more prevalent in the 

middle and old adult age ranges. Despite this general trend, no real patterns could be 

found in the age distribution of the degeneration, and the unilateral/bilateral distribution 

also did not provide any clear patterns, aside from the general rise throughout the age 

categories (Figure 5.11). In the total population sample similar patterns to those 

observed in the previous sections are recorded and these can be consulted in Appendix 

C1. 

	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

M
in
im

al
	  

Young	  adult	  
Nr	   0	   9	   2	   10	   0	   17	   5	   30	   2	   16	  
%	   0,0	   20.0	   0,0	   16,7	   12.5	  

Middle	  adult	  
Nr	   5	   16	   6	   33	   4	   16	   5	   36	   3	   30	  
%	   31.2	   18.2	   25.0	   13.9	   10.0	  

Old	  adult	  
Nr	   4	   12	   6	   40	   2	   9	   9	   31	   4	   31	  
%	   30.8	   15.0	   22.2	   29.0	   12.9	  

Adult	  
Nr	   2	   19	   1	   5	   2	   8	   2	   31	   3	   15	  
%	   10.5	   20.0	   25.0	   6.5	   20.0	  

M
od

er
at
e	  

Young	  adult	  
Nr	   0	   9	   0	   10	   0	   17	   0	   30	   0	   16	  
%	   0,0	   0	   0	   0,0	   0	  

Middle	  adult	  
Nr	   1	   16	   3	   33	   0	   16	   2	   36	   0	   30	  
%	   6.2	   9.1	   0	   5.5	   0	  

Old	  adult	  
Nr	   0	   12	   4	   40	   0	   9	   3	   31	   1	   31	  
%	   0	   10.0	   0	   9.7	   3.2	  

Adult	  
Nr	   1	   9	   0	   5	   1	   8	   1	   31	   0	   15	  
%	   11.1	   0,0	   12.5	   3.2	   0	  

Fl
or
id
	  

Young	  adult	  
Nr	   0	   9	   1	   10	   0	   17	   1	   30	   0	   16	  
%	   0	   10.0	   0	   3.3	   0	  

Middle	  adult	  
Nr	   0	   16	   0	   33	   0	   16	   3	   36	   0	   30	  
%	   0	   0	   0	   8.3	   0	  

Old	  adult	  
Nr	   0	   12	   0	   40	   0	   9	   0	   31	   0	   31	  
%	   0	   0	   0	   0	   0	  

Adult	  
Nr	   0	   9	   0	   5	   0	   8	   0	   31	   1	   15	  
%	   0	   0	   0	   0,0	   6.7	  

Table	  5.9.	  Number	  of	  cases	  (C)	  of	  degeneration	  and	  total	  individuals	  for	  analysis	  (T)	  and	  TPRs	  (%)	  
compared	  with	  age	  for	  the	  temporomandibular	  joint	  for	  each	  site	  (continues	  on	  next	  page).	  
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Ri
gh

t	  

M
in
im

al
	  

Young	  adult	  
Nr	   1	   11	   1	   10	   0	   17	   5	   31	   2	   14	  
%	   9.1	   10.0	   0	   16,1	   14.3	  

Middle	  adult	  
Nr	   4	   14	   5	   31	   4	   17	   5	   35	   5	   28	  
%	   28.6	   16.1	   23.5	   14.3	   17.8	  

Old	  adult	  
Nr	   4	   14	   9	   40	   0	   9	   11	   33	   6	   30	  
%	   28.6	   22.5	   0	   33.3	   20.0	  

Adult	  
Nr	   1	   16	   2	   5	   2	   5	   2	   28	   2	   15	  
%	   6.2	   40.0	   40.0	   7.1	   13.3	  

M
od

er
at
e	  

Young	  adult	  
Nr	   0	   11	   0	   10	   0	   17	   1	   31	   1	   14	  
%	   0	   0,0	   0	   3.2	   7.1	  

Middle	  adult	  
Nr	   1	   14	   2	   31	   0	   17	   0	   35	   0	   28	  
%	   7.1	   6.5	   0	   0	   0	  

Old	  adult	  
Nr	   0	   14	   3	   40	   0	   9	   2	   33	   1	   30	  
%	   0	   7.5	   0	   6.1	   3.3	  

Adult	  
Nr	   1	   16	   0	   5	   1	   5	   1	   28	   1	   15	  
%	   5.2	   0,0	   20.0	   3.6	   6.7	  

Fl
or
id
	  

Young	  adult	  
Nr	   0	   11	   0	   10	   0	   17	   1	   31	   0	   14	  
%	   0	   0	   0	   3.2	   0	  

Middle	  adult	  
Nr	   0	   14	   0	   31	   0	   17	   3	   35	   0	   28	  
%	   0	   0	   0	   8.6	   0	  

Old	  adult	  
Nr	   0	   14	   0	   40	   0	   9	   1	   33	   0	   30	  
%	   0	   0	   0	   3.0	   0	  

Adult	  
Nr	   0	   16	   0	   5	   0	   5	   1	   28	   0	   15	  
%	   0	   0	   0	   3.6	   0	  

Table	  5.9	  Number	  of	  cases	  (C)	  of	  degeneration	  and	  total	  individuals	  for	  analysis	  (T)	  and	  TPRs	  (%)	  
compared	  with	  age	  for	  the	  temporomandibular	  joint	  for	  each	  site.	  
 

 
Figure	  5.11	  Distribution	  of	  degeneration	  in	  the	  rural	  and	  urban	  samples	  in	  the	  temporomandibular	  
joint	  between	  the	  age	  categories.	  
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5.2.1.i. Main	  Findings	  for	  the	  Temporomandibular	  Joint	  

- The temporomandibular joint was overall well preserved. 

- Minimal changes were the most commonly observed types of degeneration 

- Coach Lane had the highest prevalence of “florid” degeneration. 

- Bilateral degeneration was more common in Coach Lane, whereas in the other 

sites the unilateral and bilateral cases were similar. 

- No statistically significant results were found between sex and degeneration. 

The significant relationships between age and degeneration were site-specific 

and disappeared when combining the samples into rural or urban. 

- In general, females were more commonly affected than males, and females also 

suffered from more severe degeneration. Site-specific patterns differed from this 

observation. 

- Degeneration increased with age, as expected. 

- Rural TPRs for minimal and moderate degeneration was higher than fort he 

urban sites, but florid degeneration was most common in people from urban 

sites. Barton-upon-Humber and Coach Lane had the highest site-specific 

percentages. 

 

 

5.2.2. The	  Acromioclavicular	  Joint	  

 Preservation levels for this joint were variable. The lowest levels were 

observed for the Fewston population sample, while Barton-upon-Humber had the 

highest rates (Table B.2). The levels of degeneration were also variable between the 

sites. Osteoarthritis was not common and occurred in only a few sites. DJC was low for 

people at both Hanging Ditch and Fewston, but was higher for the three other sites, 

affecting approximately a third of the preserved joints. Aside from the Coach Lane 

population, where more bilaterality was recorded, all the other sites had more unilateral 

degeneration (Table 5.10). The site specific TPRs for DJC were highest in the left 

acromioclavicular joint of people from Coronation Street, and for osteoarthritis they 

were highest on the right side at Barton-upon-Humber. In general, DJC percentages 

were higher in people from Coach Lane and Coronation Street than for the other sites. 

In the combined TPRs the urban sample was, in general, more affected than the rural 

sample for DJC, as osteoarthritis levels were too low to make any deductions (Table 

5.11). 
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	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   11	   23	   53	   46	   19	   19	   58	   54	   44	   48	  
DJC	   3	   1	   16	   18	   1	   2	   24	   22	   20	   15	  
OA	   0	   0	   0	   2	   0	   0	   2	   2	   0	   1	  
Unilateral	   2	   18	   3	   14	   18	  
Bilateral	   1	   9	   0	   18	   9	  
Total	  Present	   14	   24	   69	   66	   20	   21	   84	   78	   64	   64	  
	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  
%	  DJC	   21.4	   4.2	   23.2	   27.3	   5.0	   9.5	   28.6	   28.2	   31.3	   23.4	  

Site	  specific	  TPR	  
%	  OA	   0	   0	   0	   3.0	   0	   0	   2.4	   2.6	   0	   1.6	  

Table	  5.10	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  
acromioclavicular	  joint.	  
 

	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   64	   70	   121	   121	  
DJC	   19	   19	   45	   39	  
OA	   0	   2	   2	   3	  
Unilateral	   20	   35	  
Bilateral	   10	   27	  
Total	  Present	  Rural/Urban	   83	   91	   168	   163	  
	  	   %	   %	  
Combined	  TPR	  %	  DJC	   22.9	   20.9	   26.8	   23.9	  
Combined	  TPR	  %	  OA	   0.0	   2.2	   1.2	   1.8	  

Table	  5.11	  Number	  of	  cases	  (N)	  of	  DJC	  and	  osteoarthritis	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  
for	  the	  acromioclavicular	  joint.	  
  

There were no statistically significant data for Fewston or Barton-upon-Humber 

with respect to a correlation between DJC and sex. Osteoarthritis was not tested due to 

the low number of cases (Table 5.12). In the separate urban samples relationships 

between age and DJC were present, but they varied from weak to strong and, in the 

combined rural sample, the age-related statistically significant relationships were weak 

to moderate according to Cramer’s V tests (Table 5.12 and Table 5.13).  
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	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   X	   7.961,	  p.015	  
(.373,	  p.017)	  

Unilateral/	  
Bilateral	   X	   X	   X	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   8.523,	  p.030	  
(.326,	  p.038)	   X	  

Unilateral/	  
Bilateral	   X	   X	   7.155,	  p.029	  

(.598,	  p.048)	  
13.333,	  p.026	  
(.261,	  p.035)	  

12.488,	  p.032	  
(.296,	  p.033)	  

Table	  5.12	  Individual	  sites:	  acromioclavicular	  DJC	  results	  from	  the	  Fisher’s	  Exact	  test.	  The	  Cramer’s	  V	  
test	  results	  are	  between	  brackets.	  
 
 

	  
Rural	   Urban	  

Se
x	  

DJC	  Left	   X	   X	  
DJC	  Right	   X	   X	  
Unilateral/Bilateral	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   10.600,	  p.013	  (.238,	  p.022)	  
DJC	  Right	   X	   17.752,	  p.000	  (.329,	  p.001)	  
Unilateral/Bilateral	   X	   32.134,	  p.000	  (.274,	  p.000)	  

Table	  5.13	  Statistical	  significance	  of	  DJC	  in	  the	  acromioclavicular	  joint	  in	  rural	  and	  urban	  sites.	  
Cramer’s	  V	  test	  results	  are	  between	  brackets.	  	  
 

There were no obvious sex-related patterns in the osteoarthritis distribution. For 

DJC there was a similar pattern to be observed between the sites and in the combined 

rural and urban samples, with males more affected than females (Table 5.14 and Figure 

5.12). There were no real patterns observed in unilateral/bilateral distribution when 

related to sex, aside from the fact that unilateral cases were more common and that both 

unilateral and bilateral cases occurred more in males. 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   2	   8	   9	   29	   0	   7	   15	   44	   10	   28	  
%	   25.0	   31.0	   0,0	   34.1	   35.7	  

Unknown	  
Nr	   0	   0	   0	   2	   0	   2	   0	   1	   1	   3	  
%	   0	   0	   0	   0	   33.3	  

Female	  
Nr	   1	   6	   7	   38	   1	   11	   9	   39	   9	   33	  
%	   16.7	   18.4	   9.1	   23.1	   27.3	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   8	   0	   29	   0	   7	   2	   44	   0	   28	  
%	   0	   0	   0	   4.5	   0	  

Unknown	  
Nr	   0	   0	   0	   2	   0	   2	   0	   1	   0	   3	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   6	   	  	   38	   0	   11	   0	   39	   0	   33	  
%	   0	   0	   0	   0,0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   1	   16	   9	   31	   1	   10	   14	   44	   11	   26	  
%	   6.2	   29.0	   10.0	   31.8	   42.3	  

Unknown	  
Nr	   0	   0	   0	   2	   1	   1	   1	   2	   0	   3	  
%	   0	   0	   100	   50.0	   0	  

Female	  
Nr	   0	   9	   9	   33	   0	   10	   7	   32	   4	   35	  
%	   0	   27.3	   0	   21.9	   11.4	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   16	   1	   31	   0	   10	   1	   44	   0	   26	  
%	   0	   3.2	   0	   2.3	   0	  

Unknown	  
Nr	   0	   0	   0	   2	   0	   1	   0	   2	   0	   3	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   9	   1	   33	   0	   10	   1	   32	   1	   35	  
%	   0	   3.0	   0	   3.1	   2.9	  

Table	  5.14	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  acromioclavicular	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.12	  Degeneration	  in	  the	  acromioclavicular	  joint	  (DJC	  and	  osteoarthritis)	  compared	  with	  sex	  for	  
the	  rural	  and	  urban	  populations.	  



 160 

While osteoarthritis only occurred in old adults in these samples, DJC occurred 

in all age categories. Especially interesting was the higher number of cases amongst 

young adults in Coach Lane (Table 5.15 and Figure 5.13). All the sites followed the 

expected increase in cases throughout the age categories and this was also apparent in 

the combined rural and urban samples. There were no obvious patterns for 

unilateral/bilateral degeneration when they were related to age. 

 

	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   0	   4	   1	   11	   0	   7	   3	   22	   0	   9	  
%	   0,0	   9.1	   0	   13.6	   0	  

Middle	  adult	  
Nr	   1	   5	   5	   27	   0	   8	   11	   29	   6	   20	  
%	   20.0	   18.5	   0	   37.9	   30.0	  

Old	  adult	  
Nr	   2	   4	   8	   27	   1	   4	   9	   25	   10	   27	  
%	   50.0	   29.6	   25.0	   36.0	   37.0	  

Adult	  
Nr	   0	   1	   2	   4	   0	   1	   1	   8	   4	   8	  
%	   0	   50.0	   0	   12.5	   50.0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   4	   0	   11	   0	   7	   0	   22	   0	   9	  
%	   0	   0	   0	   0,0	   0	  

Middle	  adult	  
Nr	   0	   5	   0	   27	   0	   8	   1	   29	   0	   20	  
%	   0	   0	   0	   3.4	   0	  

Old	  adult	  
Nr	   0	   4	   0	   27	   0	   4	   0	   25	   0	   27	  
%	   0	   0	   0	   0	   0	  

Adult	  
Nr	   0	   1	   0	   4	   0	   1	   1	   8	   0	   8	  
%	   0	   0	   0	   12.5	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   0	   6	   0	   9	   0	   6	   2	   23	   0	   9	  
%	   0	   0	   0	   8.7	   0	  

Middle	  adult	  
Nr	   1	   9	   9	   25	   0	   9	   9	   30	   4	   21	  
%	   11.1	   36.0	   0	   30.0	   19.1	  

Old	  adult	  
Nr	   0	   7	   7	   28	   2	   6	   10	   21	   10	   25	  
%	   0	   25.0	   33.3	   47.6	   40.0	  

Adult	  
Nr	   0	   3	   2	   4	   0	   0	   1	   9	   1	   9	  
%	   0	   50.0	   0	   11.1	   11.1	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   6	   0	   9	   0	   6	   0	   23	   0	   9	  
%	   0	   0	   0	   0,0	   0	  

Middle	  adult	  
Nr	   0	   9	   2	   25	   0	   9	   2	   30	   0	   21	  
%	   0	   8.0	   0	   6.7	   0	  

Old	  adult	  
Nr	   0	   7	   0	   28	   0	   6	   0	   21	   1	   25	  
%	   0	   0	   0	   0	   4.0	  

Adult	  
Nr	   0	   3	   0	   4	   0	   0	   0	   4	   0	   9	  
%	   0	   0,0	   0	   0	   0,0	  

Table	  5.15	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  acromioclavicular	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.13	  Distribution	  of	  degeneration	  between	  the	  age	  categories	  in	  the	  acromioclavicular	  joint	  in	  
the	  rural	  and	  urban	  sample.	  
 

Similar patterns, described above, were observed in the total population sample 

(Appendix C3). 

 

5.2.2.i. Main	  Findings	  for	  the	  Acromioclavicular	  Joint	  

- Preservation levels were variable in this joint and relatively low 

- Osteoarthritis was not commonly observed and no statistically significant 

relationships or patterns were discerned from the results. 

- In almost every site unilateral changes were more common, except in Coach 

Lane where bilateral changes were more common. 

- Fewston and Barton-upon-Humber had no statistically significant relationships 

between sex or age and the presence of DJC. This remained when both sites 

were combined in the rural sample. 

- Only in Coronation Street was DJC statistically significantly related to sex; 

however when combining the three urban populations no relationship existed 

between sex and DJC. 

- In the whole population sample males were more affected by DJC than females 

and this pattern remained when examining the combined rural and urban 

samples. 

- Age was statistically significantly correlated with DJC in all urban samples. Age 

distribution of DJC increased with age in both the rural and the urban samples 
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- Barton-upon-Humber and Coach Lane had the highest number of cases of 

degeneration in the rural and urban populations, respectively.  

- The combined TPR percentages were higher in the urban population sample than 

in the rural sample for both DJC and OA. 

- The left acromioclavicular joint appeared to be more affected than the right joint 

in both the total rural and urban populations. 

 

5.2.3. The	  Glenohumeral	  Joint	  

Preservation levels of the glenohumeral joint were highest in the Barton-upon-

Humber and Coach Lane populations with over 80% of the sample present for analysis 

and lowest in the Fewston population (Table B.3). As with the acromioclavicular joint, 

osteoarthritis diagnosis was uncommon for the glenohumeral joint in all the populations, 

with just one old adult female from Fewston and a middle adult male from Coach Lane 

affected. DJC and rotator cuff changes were more common in all the populations and 

unilateral changes were more common than bilateral changes (Table 5.16). Only the 

cases of DJC and osteoarthritis were included in the unilateral/bilateral counts, as 

rotator cuff changes were analysed separately. Site specific TPRs showed that rotator 

cuff changes were highest in people from Barton-upon-Humber, whereas DJC changes 

occurred more for Coronation Street, followed closely by Barton-upon-Humber and 

Coach Lane. 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   38	   43	   61	   53	   42	   36	   95	   89	   58	   59	  
Rot	  Cuff	   2	   2	   18	   24	   0	   4	   9	   14	   12	   15	  
DJC	   1	   5	   13	   20	   4	   5	   21	   21	   16	   18	  
OA	   1	   0	   0	   0	   0	   0	   0	   1	   0	   0	  
Unilateral	   5	   17	   5	   20	   16	  
Bilateral	   1	   8	   2	   12	   9	  
Total	  Present	   42	   50	   92	   97	   46	   45	   125	   125	   86	   92	  
	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  %	  
Rot	  Cuff	   4.8	   4.0	   19.6	   24.7	   0	   8.9	   7.2	   11.2	   14.0	   16.3	  

Site	  specific	  TPR	  %	  
DJC	   2.4	   10.0	   14.1	   20.6	   8.7	   11.1	   16.8	   16.8	   18.6	   19.6	  

Site	  specific	  TPR	  %	  
OA	   2.4	   0	   0	   0	   0	   0	   0	   0.8	   0	   0	  

Table	  5.16	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  of	  the	  
glenohumeral	  joint.	  
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Despite the fact that the number of DJC cases was higher in the urban sample, 

the combined TPRs indicated that the percentages were actually close together in the 

rural and urban populations. Rotator cuff changes affected the rural population more 

than the urban population. (Table 5.17). 

 

	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   99	   96	   195	   184	  
Rot	  Cuff	   20	   26	   21	   33	  
DJC	   14	   25	   41	   44	  
OA	   1	   0	   0	   1	  
Unilateral	   22	   41	  
Bilateral	   9	   23	  
Total	  Present	  Rural/Urban	   134	   147	   257	   262	  
	   %	   %	  
Combined	  TPR	  %	  Rot	  Cuff	   14.9	   17.7	   8.2	   12.6	  
Combined	  TPR	  %	  DJC	   10.4	   17.0	   16.0	   16.8	  
Combined	  TPR	  %	  OA	   0.7	   0.0	   0.0	   0.4	  

Table	  5.17	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
glenohumeral	  joint.	  
  

 Statistical significance was variable for relationships between sex/age and DJC 

or rotator cuff changes (Table 5.18 and Table 5.19). A statistically significant 

relationship between sex and DJC was not common, except for Barton-upon-Humber 

where the relationship was weak to moderate according to the Cramer’s V tests, and this 

was also the case for the combined rural samples (Table 5.20). The only statistically 

significant relationship between sex and rotator cuff changes is found in Fewston and 

was very strong, but this was not present in the combined rural sample. For age there 

were more statistically significant relationships with DJC than with rotator cuff changes 

and according to Cramer’s V tests these relationships range between weak to moderate. 
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	   Fewston	   BuH	   HD	   CL	   CS	  

SEX	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   9.336,	  p.006	  
(.303,	  p.013)	   X	   X	   X	  

Unilateral/
Bilateral	   X	   12.171,	  p.010	  

(.250,	  p.025)	   X	   X	   X	  

	  

AGE	  

DJC	  Left	   X	   X	   X	   20.212,	  p.000	  
(.273,	  p.001)	   X	  

DJC	  Right	   6.094,	  p.034	  
(.404,	  p.026)	   X	   X	   16.665,	  p.002	  

(.245,	  p.007)	  
10.441,	  p.011	  
(.337,	  p.014)	  

Unilateral/
Bilateral	   X	   X	   X	   28.861,	  p.000	  

(.321,	  p.000)	   X	  

Table	  5.18	  Statistical	  significance	  for	  DJC	  in	  the	  glenohumeral	  joint	  in	  the	  separate	  sites.	  Cramer’s	  V	  
test	  results	  are	  between	  brackets.	  	  	  
 
 
Rotator	  Cuff	   Fewston	   BuH	   HD	   CL	   CS	  

SEX	  
Left	   7.678,	  p.048	  

(.714,	  p.048)	   X	   X	   X	   X	  

Right	   X	   X	   X	   X	   X	  
	  

AGE	  
Left	   X	   X	   X	   X	   6.758,	  p.047	  

(.296,	  p.053)	  
Right	   X	   X	   X	   X	   X	  

Table	  5.19	  Statistical	  significance	  for	  rotator	  cuff	  changes	  in	  the	  glenohumeral	  joint	  in	  the	  separate	  
sites.	  Cramer’s	  V	  test	  results	  are	  between	  brackets.	  
 
 

DJC	   Rural	  
(DJC)	  

Urban	  
(DJC)	  

Rural	  
(Rot	  Cuff)	  

Urban	  
(Rot	  Cuff)	  

SE
X	  

Left	   X	   X	   X	   X	  

Right	   7.197,	  p.025	  
(.220,	  p.029)	   X	   X	   X	  

Unilateral/	  
Bilateral	  

10.368,	  p.024	  
(.184,	  p.034)	   X	   /	   /	  

	  

AG
E	  

Left	   X	   25.795,	  p.000	  
(.200,	  p.001)	   X	   9.447,	  p.019	  

(.203,	  p.013)	  

Right	   X	   26.103,	  p.000	  
(.196,	  p.001)	   X	   X	  

Unilateral/	  
Bilateral	   X	   36.606,	  p.000	  

(.228,	  p.000)	   /	   /	  

Table	  5.20	  Statistical	  significance	  between	  age	  or	  sex	  and	  DJC	  or	  rotator	  cuff	  changes	  for	  the	  rural	  and	  
urban	  populations.	  	  
 

 In general, both rotator cuff changes and DJC tended to occur more in males 

than in females, but there were some site-specific differences. In the right joints females 

had similar or higher levels of DJC in Coronation Street and Coach Lane. In the 
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combined rural and urban samples, the rural populations adhered to the general pattern 

described above, but in the urban populations the levels of DJC differed between the 

sexes on the left and right sides. Rotator cuff changes still affected males more than 

females (Table 5.21 and Figure 5.14). Rural females were more affected by rotator cuff 

changes than by DJC, whereas urban females are more affected by DJC than by rotator 

cuff changes. In the unilateral/bilateral degeneration of the glenohumeral joint there 

were no pronounced patterns, aside from the fact that males were more affected 

unilaterally in all the populations and that bilateral degeneration was variable between 

the sexes and the populations. 

 

	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	   Ro

tC
uf
f	  C

ha
ng

es
	  

Male	  
Nr	   1	   24	   10	   37	   0	   22	   5	   64	   8	   37	  
%	   4.2	   27.0	   0	   6.3	   21.6	  

Unknown	  
Nr	   1	   1	   1	   3	   0	   2	   0	   3	   1	   4	  
%	   100	   33.3	   0	   0	   25.0	  

Female	  
Nr	   0	   17	   7	   52	   0	   21	   4	   58	   3	   45	  
%	   0	   13.5	   0	   6.9	   6.7	  

DJ
C	  

Male	  
Nr	   1	   24	   8	   37	   0	   22	   11	   64	   9	   37	  
%	   4.2	   21.6	   0	   17.2	   24.3	  

Unknown	  
Nr	   0	   1	   1	   3	   0	   2	   0	   3	   1	   4	  
%	   0	   33.3	   0	   0	   25.0	  

Female	  
Nr	   0	   17	   4	   52	   0	   21	   10	   58	   6	   45	  
%	   0	   8.0	   0	   17.2	   13.3	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	   Ro
tC
uf
f	  C

ha
ng

es
	  

Male	  
Nr	   2	   24	   12	   41	   2	   20	   8	   61	   9	   38	  
%	   8.3	   29.3	   10.0	   13.1	   23.7	  

Unknown	  
Nr	   0	   3	   1	   3	   0	   2	   0	   8	   1	   5	  
%	   0	   33.3	   0	   0	   20.0	  

Female	  
Nr	   0	   23	   11	   53	   2	   23	   6	   56	   5	   49	  
%	   0	   20.8	   8.7	   10.7	   10.2	  

DJ
C	  

Male	  
Nr	   3	   24	   14	   41	   2	   20	   7	   61	   9	   38	  
%	   12.5	   34.1	   10.0	   11.5	   23.7	  

Unknown	  
Nr	   0	   3	   1	   3	   1	   2	   1	   8	   0	   5	  
%	   0	   33.3	   50.0	   12.5	   0	  

Female	  
Nr	   2	   23	   5	   53	   2	   23	   13	   56	   9	   49	  
%	   8.7	   9.4	   8.7	   23.2	   18.4	  

Table	  5.21	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  glenohumeral	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.14	  Distribution	  of	  rotator	  cuff	  changes	  and	  DJC	  compared	  with	  sex	  in	  the	  rural	  and	  urban	  
samples.	  
 

 In all of the separate sites, middle and old adult individuals were more 

commonly affected than young adults, as expected. The same pattern was observed for 

the rural and urban samples (Table 5.22 and Figure 5.15). There was no pattern present 

in the unilateral/bilateral distribution of changes between the age categories. The total 

sample analysis of the glenohumeral joint presents much the same patterns that have 

been observed above and will thus not be repeated here (Appendix C3). 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

Ro
tC
uf
f	  C

ha
ng

es
	   Young	  adult	  

Nr	   0	   9	   2	   11	   0	   13	   1	   30	   0	   14	  
%	   0	   18.2	   0	   3.3	   0	  

Middle	  adult	  
Nr	   0	   14	   7	   37	   0	   16	   4	   38	   2	   29	  
%	   0	   18.9	   0	   10.5	   6.9	  

Old	  adult	  
Nr	   1	   12	   7	   40	   0	   11	   4	   32	   8	   30	  
%	   8.3	   17.5	   0	   12.5	   26.7	  

Adult	  
Nr	   1	   7	   2	   4	   0	   5	   0	   25	   2	   13	  
%	   14.0	   50.0	   0	   0,0	   15.4	  

DJ
C	  

Young	  adult	  
Nr	   0	   9	   1	   11	   0	   14	   0	   30	   0	   14	  
%	   0	   9.1	   0	   0,0	   0	  

Middle	  adult	  
Nr	   1	   14	   6	   37	   2	   16	   11	   38	   4	   29	  
%	   7.1	   16.2	   12.5	   28.9	   13.8	  

Old	  adult	  
Nr	   0	   12	   4	   40	   2	   11	   9	   32	   8	   30	  
%	   0	   10.0	   18.2	   28.1	   26.7	  

Adult	  
Nr	   0	   7	   2	   4	   0	   5	   1	   25	   4	   13	  
%	   0	   50.0	   0	   4.0	   30.8	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

Ro
tC
uf
f	  C

ha
ng

es
	   Young	  adult	  

Nr	   0	   10	   2	   12	   0	   14	   2	   30	   0	   15	  
%	   0	   17.0	   0	   6.7	   0	  

Middle	  adult	  
Nr	   0	   15	   6	   38	   2	   17	   6	   39	   3	   30	  
%	   0	   15.8	   11.8	   15.4	   10.0	  

Old	  adult	  
Nr	   2	   14	   14	   43	   1	   10	   6	   32	   7	   31	  
%	   14.3	   32.6	   10.0	   18.7	   22.6	  

Adult	  
Nr	   0	   11	   2	   4	   1	   4	   0	   24	   5	   16	  
%	   0	   50.0	   25.0	   0	   31.3	  

DJ
C	  

Young	  adult	  
Nr	   0	   10	   1	   12	   0	   14	   0	   30	   0	   15	  
%	   0	   8.0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   15	   6	   38	   2	   17	   11	   39	   3	   30	  
%	   0	   15.8	   11.8	   28.2	   10.0	  

Old	  adult	  
Nr	   4	   14	   11	   43	   3	   10	   8	   32	   9	   31	  
%	   28.6	   25.6	   30.0	   25.0	   29.0	  

Adult	  
Nr	   1	   11	   2	   4	   0	   4	   2	   24	   6	   16	  
%	   9.1	   50.0	   0	   8.3	   37.5	  

Table	  5.22	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  glenohumeral	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.15	  Distribution	  of	  rotator	  cuff	  changes	  and	  DJC	  compared	  with	  age	  in	  the	  rural	  and	  urban	  
samples.	  
 

5.2.3.i. Main	  Findings	  for	  the	  Glenohumeral	  joint	  

- Preservation of the glenohumeral joint was good. 

- Osteoarthritis was uncommon in this joint. 

- Both DJC and rotator cuff changes were common in Barton-upon-Humber, 

Coach Lane and Coronation Street. 

- Statistical significance was variable throughout the sites. 

- Males were more commonly affected by DJC and rotator cuff changes than 

females.  

- Rural females were more commonly affected by rotator cuff changes than by 

DJC; in urban females this pattern was reversed. 

- Degeneration in the glenohumeral joint increased with age. 

- The glenohumeral joint was more unilaterally affected, but in males the 

difference between unilateral and bilateral cases was more pronounced than in 

females. 

- The rural populations had a higher combined TPR percentage of rotator cuff 

changes than the urban ones, but DJC occurred more in the urban populations. 
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5.2.4. The	  Medial	  Elbow	  Joint	  

 Preservation of the medial elbow joint, ulnohumeral, was variable 

between the separate sites, with the best preservation found in Coach Lane and Barton-

upon-Humber (Table B.4). Osteoarthritis was uncommon in this joint compartment, 

with only two cases in the right compartment in people from Coach Lane and one case 

in the left compartment from Coronation Street, which precluded tests of statistical 

significance. Levels of DJC were lowest, according to the site specific TPRs, in 

Hanging Ditch and Fewston. The highest site specific TPRs were found in the right 

medial elbow in Barton-upon-Humber, and the other populations had similar prevalence 

rates. Unilateral degeneration was most common at all sites, except for people from 

Coronation Street where seven cases were affected bilaterally (Table 5.23). While there 

were differences observed between the site specific TPRs, in general the combined 

TPRs for DJC were similar between the rural and urban populations, with a higher 

prevalence in the right medial elbow of the rural sample (Table 5.24). 

 

 

  Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   39	   45	   89	   85	   43	   44	   112	   112	   70	   80	  
DJC	   3	   4	   10	   15	   2	   3	   12	   13	   9	   9	  
OA	   0	   0	   0	   0	   0	   0	   0	   2	   1	   0	  
Unilateral	   7	   15	   5	   13	   6	  
Bilateral	   0	   5	   0	   8	   7	  
Total	  Present	   42	   49	   99	   100	   45	   47	   124	   127	   80	   89	  
	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  %	  DJC	   7.1	   8.2	   10.1	   15.0	   4.4	   6.4	   9.7	   10.2	   11.3	   10.1	  
Site	  specific	  TPR	  %	  OA	   0	   0	   0	   0	   0	   0	   0	   1.6	   1.3	   0	  
Table	  5.23	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  
medial	  elbow	  joint.	  
 

 

 

 

 

 

 

 



 170 

  Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   128	   130	   225	   236	  
DJC	   13	   19	   23	   25	  
OA	   0	   0	   1	   2	  
Unilateral	   22	   24	  
Bilateral	   5	   15	  
Total	  Present	  Rural/Urban	   141	   149	   249	   263	  
	   %	   %	  
Combined	  TPR	  %	  DJC	   9.2	   12.8	   9.2	   9.5	  
Combined	  TPR	  %	  OA	   0.0	   0.0	   0.4	   0.8	  

Table	  5.24	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
medial	  elbow.	  
 

Interestingly there were no statistically significant relationships between age and 

DJC in this compartment of the elbow and this remained the same in the combined rural 

and urban samples (Table 5.25 and Table 5.26). Relationships between sex and DJC 

only occurred in two populations, Barton-upon-Humber and Coronation Street, and are 

weak to moderate in strength and in the combined samples only the urban sample had 

statistically significant relationships between sex and DJC. 

 

	  
Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   X	   X	   X	   18.486,	  p.000	  	  
(.354,	  p.007)	  

DJC	  Right	   X	   6.456,	  p.041	  	  
(.243,	  p.084)	   X	   X	   X	  

Unilateral/
Bilateral	   X	   X	   X	   X	   14.825,	  p.002	  	  

(.270,	  p.013)	  

	  

Ag
e	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   X	   X	  

Unilateral/
Bilateral	   X	   X	   X	   X	   X	  

Table	  5.25	  Statistical	  significance	  between	  age	  or	  sex	  and	  DJC	  in	  the	  separate	  sites.	  
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Rural	   Urban	  

Se
x	  

DJC	  Left	   X	   24.644,	  p.000	  	  
(.223,	  p.002)	  

DJC	  Right	   X	   9.331,	  p.041	  	  
(.130,	  p.066)	  

Unilateral/Bilateral	   X	   19.266,	  p.000	  	  
(.177,	  p.003)	  

	  
Ag

e	  
DJC	  Left	   X	   X	  
DJC	  Right	   X	   X	  
Unilateral/Bilateral	   X	   X	  

Table	  5.26	  Statistical	  significance	  between	  age	  or	  sex	  and	  DJC	  in	  the	  rural	  and	  urban	  sites.	  
 

Due to the small number of individuals affected by osteoarthritis cases there 

were no patterns to be discerned according to its sex or age distribution. DJC was more 

common in males than in females and this was the general pattern in all the populations 

(Table 5.27 and Figure 5.16). The same pattern was observed for the unilateral/bilateral 

distribution between the sexes and in the rural and urban samples. Despite the absence 

of statistically significant patterns between age and DJC in the medial elbow joint, it 

was possible to observe an increase in cases with age (Table 5.28 and Figure 5.17). The 

total sample analysis can be consulted in Appendix C4. 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   3	   24	   5	   40	   1	   18	   10	   64	   6	   34	  
%	   12.5	   12.5	   6.0	   15.6	   17.6	  

Unknown	  
Nr	   0	   2	   0	   3	   1	   3	   0	   3	   3	   5	  
%	   0	   0	   33.3	   0	   60.0	  

Female	  
Nr	   0	   16	   5	   56	   0	   24	   2	   57	   0	   41	  
%	   0	   8.9	   0	   3.5	   0	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   24	   0	   40	   0	   18	   0	   64	   1	   34	  
%	   0	   0	   0	   0	   2.9	  

Unknown	  
Nr	   0	   2	   0	   3	   0	   3	   0	   3	   0	   5	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   16	   0	   56	   0	   24	   0	   57	   0	   41	  
%	   0	   0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   2	   24	   10	   42	   2	   22	   9	   62	   7	   38	  
%	   8.3	   23.8	   9.1	   14.5	   18.4	  

Unknown	  
Nr	   0	   3	   1	   3	   0	   1	   0	   5	   0	   5	  
%	   0	   33.3	   0	   0	   0	  

Female	  
Nr	   2	   22	   4	   55	   1	   24	   4	   60	   2	   46	  
%	   9.1	   7.3	   4.2	   6.7	   4.3	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   24	   0	   42	   0	   22	   1	   62	   0	   38	  
%	   0	   0	   0	   1.6	   0	  

Unknown	  
Nr	   0	   3	   0	   3	   0	   1	   0	   5	   0	   5	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   22	   0	   55	   0	   24	   1	   60	   0	   46	  
%	   0	   0,0	   0	   1.7	   0	  

Table	  5.27	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  medial	  elbow	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.16	  Distribution	  of	  DJC	  and	  OA	  between	  the	  sex	  categories	  in	  the	  medial	  elbow	  joint	  in	  the	  
rural	  and	  urban	  sample.	  
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   0	   8	   2	   14	   0	   13	   1	   30	   0	   13	  
%	   0	   14.3	   0	   3.3	   0	  

Middle	  adult	  
Nr	   2	   12	   3	   38	   1	   19	   4	   39	   2	   26	  
%	   16.7	   7.9	   5.3	   10.3	   7.7	  

Old	  adult	  
Nr	   1	   12	   4	   43	   0	   10	   7	   34	   4	   31	  
%	   8.3	   9.3	   0	   20.6	   12.9	  

Adult	  
Nr	   0	   10	   1	   4	   1	   3	   0	   21	   3	   10	  
%	   0	   25.0	   33.3	   0	   30.0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   8	   0	   14	   0	   13	   0	   30	   0	   13	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   12	   0	   38	   0	   19	   0	   39	   1	   26	  
%	   0	   0	   0	   0	   3.8	  

Old	  adult	  
Nr	   0	   12	   0	   43	   0	   10	   0	   34	   0	   31	  
%	   0	   0	   0	   0	   0	  

Adult	  
Nr	   0	   10	   0	   4	   0	   3	   0	   21	   0	   10	  
%	   0	   0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   0	   8	   1	   13	   1	   13	   4	   33	   1	   14	  
%	   0	   7.7	   7.7	   12.1	   7.2	  

Middle	  adult	  
Nr	   0	   15	   4	   38	   2	   20	   3	   37	   3	   29	  
%	   0	   10.5	   10.0	   8.1	   10.3	  

Old	  adult	  
Nr	   3	   13	   7	   44	   0	   10	   6	   33	   5	   33	  
%	   23.1	   15.9	   0	   18.2	   15.2	  

Adult	  
Nr	   1	   13	   3	   5	   0	   4	   0	   24	   0	   13	  
%	   7.7	   60.0	   0	   0	   0,0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   8	   0	   13	   0	   13	   1	   33	   0	   14	  
%	   0	   0	   0	   3.0	   0	  

Middle	  adult	  
Nr	   0	   15	   0	   38	   0	   20	   0	   37	   0	   29	  
%	   0	   0	   0	   0	   0	  

Old	  adult	  
Nr	   0	   13	   0	   44	   0	   10	   1	   33	   0	   33	  
%	   0	   0	   0	   3.0	   0	  

Adult	  
Nr	   0	   13	   0	   5	   0	   4	   0	   24	   0	   13	  
%	   0	   0	   0	   0	   0,0	  

Table	  5.28	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  medial	  elbow	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.17	  Distribution	  of	  DJC	  and	  OA	  between	  the	  age	  categories	  in	  the	  medial	  elbow	  joint	  in	  the	  
rural	  and	  urban	  sample.	  
	  
 

5.2.4.i. Main	  Findings	  for	  the	  Medial	  Elbow	  

- Preservation of the medial elbow compartment was variable, with the best 

preserved sites being Barton-upon-Humber and Coach Lane, and the lowest 

preservation found at Fewston and Hanging Ditch 

- Osteoarthritis was uncommon in this joint. The only cases that were present 

were found in the urban populations. No statistically significant relationships 

were present between osteoarthritis and sex or age. 

- The medial elbow compartment was more unilaterally affected than bilaterally. 

- Barton-upon-Humber had the highest site specific prevalence of DJC in the right 

compartment. 

- The right side tended to be more affected by degeneration than the left side. 

- In both site-specific and overall rural/urban populations males were more 

affected by degeneration than females. This pattern was also present in both the 

unilateral and bilateral distribution of degeneration. 

- The combined rural/urban TPR percentages indicated that prevalence rates for 

DJC were similar between the population samples, with an outlier in the right 

medial elbow from the rural populations. 
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5.2.5. The	  Lateral	  Elbow	  Joint	  
In general, preservation levels for the lateral elbow compartment, radiohumeral, 

were lower than those for the medial elbow compartment and the best preserved 

elements were found in Barton-upon-Humber, whereas the lowest preservation rates 

were in Fewston (Table B.5). Overall, the levels of degeneration in this compartment 

were low, but osteoarthritis was more common than for any of the previous joints 

(Table 5.29). Levels of DJC were low and similar between the sites, with the highest 

site specific TPR in the right lateral elbow of people fromCoach Lane. Osteoarthritis 

was most common in the left lateral elbow in Barton-upon-Humber. Unilateral 

degeneration of this compartment occurred more than bilateral degeneration, and this 

was the case in all of the sites. The combined rural/urban TPRs indicated that levels of 

DJC were similar between the samples in the left lateral elbow, but the right side was 

more affected in the urban sample. Osteoarthritis TPRs were highest in the rural sample 

(Table 5.30).  

 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   30	   36	   82	   88	   37	   34	   102	   82	   70	   83	  
DJC	   0	   0	   3	   1	   0	   0	   3	   5	   3	   2	  
OA	   0	   2	   7	   5	   1	   1	   1	   5	   4	   1	  
Unilateral	   2	   10	   2	   8	   8	  
Bilateral	   0	   3	   0	   4	   3	  
Total	  Present	   30	   38	   92	   94	   38	   35	   106	   92	   77	   86	  
	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  %	  DJC	   0	   0	   3.3	   1.1	   0	   0	   2.8	   5.4	   3.9	   2.3	  
Site	  specific	  TPR	  %	  OA	   0	   5.3	   7.6	   5.3	   2.6	   2.9	   0.9	   5.4	   5.2	   1.2	  
Table	  5.29	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  
lateral	  elbow	  
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	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   112	   124	   209	   216	  
DJC	   3	   1	   6	   7	  
OA	   7	   7	   6	   7	  
Unilateral	   12	   18	  
Bilateral	   3	   7	  
Total	  Present	  Rural/Urban	   122	   132	   221	   230	  
	   %	   %	  
Combined	  TPR	  %	  DJC	   2.5	   0.8	   2.7	   3.0	  
Combined	  TPR	  %	  OA	   5.7	   5.3	   2.7	   3.0	  

Table	  5.30	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
lateral	  elbow	  joint.	  
  

The statistical significance tests for age and sex with DJC and osteoarthritis did 

not show many significant relationships and this was also apparent in the combined 

rural and urban tests (Table 5.31 and Table 5.32 and Table 5.33). The Cramer’s V tests 

for the relationship between age and unilateral/bilateral degeneration in the lateral 

elbow compartment were not strong. The relationship between sex and osteoarthritis in 

Coronation Street was of moderate strength. In the rural and urban samples all three 

statistically significant relationships were found to be weak. 

 

	  
Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   X	   X	   X	   X	  
DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/	  
Bilateral	   X	   X	   X	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   X	   X	   X	   X	  
DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/	  
Bilateral	   X	   11.513,	  p.034	  	  

(.284,	  p.018)	   X	   X	   X	  

Table	  5.31	  Statistical	  significance	  between	  age	  or	  sex	  and	  DJC	  in	  the	  lateral	  elbow	  in	  the	  separate	  
sites.	  
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Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

OA	  Left	   X	   X	   X	   X	   12.960,	  p.002	  
(.361,	  p.023)	  

OA	  Right	   X	   X	   X	   X	   X	  
Unilateral/	  
Bilateral	   X	   X	   X	   X	   X	  

	  

Ag
e	  

OA	  Left	   X	   X	   X	   X	   X	  
OA	  Right	   X	   X	   X	   X	   X	  
Unilateral/	  
Bilateral	   X	   X	   X	   X	   X	  

Table	  5.32	  Statistical	  significance	  between	  age	  or	  sex	  and	  OA	  in	  the	  lateral	  elbow	  in	  the	  separate	  sites.	  
 

	  
Rural	   Urban	  

	  
Rural	   Urban	  

Se
x	  

DJC	  Left	   X	   X	   OA	  Left	   X	   18.147,	  p.000	  
(.285,	  p.001)	  

DJC	  Right	   X	   X	   OA	  Right	   X	   X	  
Unilateral/	  
Bilateral	   X	   X	   	  

	  

Ag
e	  

DJC	  Left	   X	   12.275,	  p.005	  
(.191,	  p.007)	   OA	  Left	   X	   9.784,	  p.035	  

(.169,	  p.035)	  
DJC	  Right	   X	   X	   OA	  Right	   X	   X	  
Unilateral/	  
Bilateral	   X	   X	   	  

Table	  5.33	  Statistical	  significance	  between	  age	  or	  sex	  and	  OA	  in	  the	  lateral	  elbow	  in	  the	  rural	  and	  
urban	  sites.	  
 

Levels of DJC were slightly higher in males than in females, and this was 

especially apparent on the right side. Osteoarthritis levels were variable, with more 

cases observed on the left than on the right side and the patterns also varied between the 

sites (Table 5.34 and Figure 5.18). In urban sites males were more affected by 

osteoarthritis than females, whereas in the urban sites similar TPRs were observed 

between the sexes. There were no real patterns to be observed within the unilateral 

distribution of changes, but males tended to be more affected bilaterally. 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   0	   16	   2	   35	   0	   17	   2	   58	   2	   32	  
%	   0	   5.7	   0	   3.4	   6.3	  

Unknown	  
Nr	   0	   0	   0	   3	   0	   2	   0	   3	   0	   4	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   14	   1	   54	   0	   19	   1	   45	   1	   41	  
%	   0	   1.8	   0	   2.2	   2.4	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   16	   3	   35	   0	   17	   1	   58	   2	   32	  
%	   0	   8.6	   0	   1.7	   6.2	  

Unknown	  
Nr	   0	   0	   0	   3	   1	   2	   0	   3	   2	   4	  
%	   0	   0	   50.0	   0	   50.0	  

Female	  
Nr	   0	   14	   4	   54	   0	   19	   0	   45	   0	   41	  
%	   0	   7.0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   2	   24	   10	   42	   2	   22	   9	   62	   7	   38	  
%	   8.3	   23.8	   9.1	   14.5	   18.4	  

Unknown	  
Nr	   0	   3	   1	   3	   0	   1	   0	   5	   0	   5	  
%	   0	   33.3	   0	   0	   0	  

Female	  
Nr	   2	   22	   4	   55	   1	   24	   4	   60	   2	   46	  
%	   9.1	   7.3	   4.2	   6.7	   4.3	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   24	   0	   42	   0	   22	   1	   62	   0	   38	  
%	   0	   0	   0	   1.6	   0	  

Unknown	  
Nr	   0	   3	   0	   3	   0	   1	   0	   5	   0	   5	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   22	   0	   55	   0	   24	   1	   60	   0	   46	  
%	   0	   0	   0	   1.6	   0,0	  

Table	  5.34	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  lateral	  elbow	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.18	  Distribution	  of	  DJC	  and	  OA	  between	  the	  sex	  categories	  in	  the	  lateral	  elbow	  joint	  in	  the	  
rural	  and	  urban	  sites.	  
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Due to the small number of cases it is difficult to deduce any real patterns from 

the data. For both DJC and osteoarthritis the old adults were more commonly affected, 

but the fact that young adults were also affected by both DJC and osteoarthritis could 

indicate secondary causes for the degeneration (Table 5.35 and Figure 5.19). The results 

for the total sample can be consulted in Appendix C5. 

 

	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   0	   6	   0	   14	   0	   9	   0	   27	   0	   13	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   10	   1	   34	   0	   19	   0	   36	   0	   26	  
%	   0	   2.9	   0	   0	   0	  

Old	  adult	  
Nr	   0	   10	   1	   40	   0	   8	   3	   28	   3	   30	  
%	   0	   2.5	   0	   10.7	   10.0	  

Adult	  
Nr	   0	   4	   1	   4	   0	   2	   0	   15	   0	   8	  
%	   0	   25.0	   0	   0	   0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   6	   2	   14	   0	   9	   0	   27	   0	   13	  
%	   0	   14.3	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   10	   1	   34	   0	   19	   0	   36	   1	   26	  
%	   0	   2.9	   0	   0	   3.9	  

Old	  adult	  
Nr	   0	   10	   3	   40	   0	   8	   1	   28	   1	   30	  
%	   0	   7.5	   0	   3.6	   3.3	  

Adult	  
Nr	   0	   4	   1	   4	   1	   2	   0	   15	   2	   8	  
%	   0	   25.0	   50.0	   0	   25.0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   0	   8	   1	   13	   1	   13	   4	   33	   1	   14	  
%	   0	   7.7	   7.7	   12.1	   7.2	  

Middle	  adult	  
Nr	   0	   15	   4	   38	   2	   20	   3	   37	   3	   29	  
%	   0	   10.5	   10.0	   8.1	   10.4	  

Old	  adult	  
Nr	   3	   13	   7	   44	   0	   10	   6	   33	   5	   33	  
%	   25.0	   15.9	   0	   18.2	   15.2	  

Adult	  
Nr	   1	   13	   3	   5	   0	   4	   0	   24	   0	   13	  
%	   7.7	   60.0	   0	   0	   0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   8	   0	   13	   0	   13	   1	   33	   0	   14	  
%	   0	   0	   0	   3.0	   0	  

Middle	  adult	  
Nr	   0	   15	   0	   38	   0	   20	   0	   37	   0	   29	  
%	   0	   0	   0	   0	   0	  

Old	  adult	  
Nr	   0	   13	   0	   44	   0	   10	   1	   33	   0	   33	  
%	   0	   0	   0	   3.0	   0	  

Adult	  
Nr	   0	   13	   0	   5	   0	   4	   0	   24	   0	   13	  
%	   0	   0,0	   0	   0	   0	  

Table	  5.35	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  lateral	  elbow	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.19	  Distribution	  of	  DJC	  and	  OA	  between	  the	  age	  categories	  in	  the	  lateral	  elbow	  joint	  for	  the	  
separate	  sites.	  
 

5.2.5.i. Main	  Findings	  for	  the	  Lateral	  Elbow	  

- The levels of preservation in the lateral elbow compartment were lower than in 

the medial elbow compartment, and variable throughout the different sites 

- Levels of degeneration were low for both DJC and OA. Osteoarthritis was more 

common in this joint compartment, compared to the medial compartment. 

- Unilateral degeneration was more common than bilateral degeneration. 

- There were few statistically significant relationships between age or sex and the 

presence of DJC or OA in the lateral elbow joint. 

- While site specific TPR percentages indicated differential prevalence rates, the 

combined rural/urban TPRs showed that DJC percentages were similar between 

the samples, but higher in the urban right lateral elbow. Osteoarthritis prevalence 

was higher in the rural sample. 

- In general males were more affected by DJC than females in both the rural and 

the urban population samples. 

- In the rural populations females had more OA on the left and males more on the 

right. However, in the urban population sample the latter pattern was reversed. 

- The presence of degeneration increased with age. 
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5.2.6. The	  Elbow	  Joint	  
The analysis of the complete elbow joint focuses on the unicompartmental or 

bicompartmental degeneration of the elbow. Within this analysis the assessment focuses 

on whether the medial and lateral sides of the joint are both (bicompartmental) affected 

or if either the medial or the lateral side is affected within the joint (unicompartmental). 

Thus, whether degeneration in the medial or lateral compartment has an influence on 

degeneration in the other compartment within the same elbow joint, is assessed.  

 The preservation levels for the complete elbow joint were variable 

(Table B.6). Unicompartmental degeneration of the elbow, and thus only one 

compartment in either the left or the right elbow being affected, was common in 

Fewston, Coach Lane and Coronation Street. Hanging Ditch did not have enough cases 

to discern any patterns. In Barton-upon-Humber the left elbow had more 

bicompartmental degeneration, whereas the right elbow had more unicompartmental 

degeneration (Table 5.36). Unicompartmental combined TPRs were slightly higher in 

the urban samples than in the rural samples and no patterns were observed for 

bicompartmental TPRs (Table 5.37). 

 

 

	  	   Fewston	   BuH	   HD	   COL10	   CS06	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   40	   42	   87	   88	   46	   46	   96	   88	   62	   66	  
Unicompartmental	   3	   2	   4	   9	   1	   2	   10	   11	   6	   9	  
Bicompartmental	   0	   2	   8	   5	   1	   1	   4	   8	   5	   3	  
Total	  Present	   43	   46	   99	   102	   48	   49	   110	   107	   73	   78	  
	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  %	  
unicompartmental	   7.0	   4.3	   4.6	   8.8	   2.1	   4.1	   9.1	   10.3	   8.2	   11.5	  

Site	  specific	  TPR	  %	  
bicompartmental	   0	   4.3	   8.1	   4.9	   2.1	   2.0	   3.6	   7.5	   6.8	   3.8	  

Table	  5.36	  Number	  of	  cases	  (N)	  and	  percentages	  (%)	  of	  unicompartmental	  and	  bicompartmental	  
degeneration	  for	  site	  specific	  TPRs	  for	  the	  elbow	  joint.	  
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	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   127	   130	   204	   200	  
Unicompartmental	   7	   11	   17	   22	  
Bicompartmental	   8	   7	   10	   12	  
Total	  Present	  Rural/Urban	   142	   148	   231	   234	  
	   %	   %	  
Combined	  TPR	  %	  unicompartmental	   4.9	   7.4	   7.4	   9.4	  
Combined	  TPR	  %	  bicompartmental	   5.6	   4.7	   4.3	   5.1	  
Table	  5.37	  Number	  of	  cases	  (N)	  and	  percentages	  (%)	  of	  unicompartmental	  and	  bicompartmental	  
degeneration	  for	  rural	  and	  urban	  TPRs	  for	  the	  elbow	  joint.	  
 

Not many statistically significant relationships were detected for the complete 

elbow and, while the relationship between sex and unicompartmental/bicompartmental 

degeneration was strong for Coronation Street, the relationship with age for Barton-

upon-Humber was weak and not very representative for the population sample. In the 

total rural and urban samples there was a statistically significant relationship between 

sex and the urban unicompartmental/bicompartmental distribution, but this relationship 

was weak (Table 5.38 and Table 5.39). 

 

	  
Fewston	   BuH	   HD	   CL	   CS	  

Se
x	   Left	   X	   X	   X	   X	   22.119,	  p.000	  

(.442,	  p.000)	  
Right	   X	   X	   X	   X	   X	  

	  

Ag
e	   Left	   X	   11.576,	  p.034	  

(.249,	  p.061)	   X	   X	   X	  

Right	   X	   X	   X	   X	   X	  
Table	  5.38	  Statistical	  significance	  of	  unilateral/bilateral	  degeneration	  in	  the	  elbow	  joints	  with	  sex	  and	  
age	  in	  the	  separate	  sites.	  
  

	  
	   Rural	   Urban	  

Se
x	   Left	   X	   27.222,	  p.000	  

(.226,	  p.001)	  
Right	   X	   X	  

	  

Ag
e	   Left	   X	   X	  

Right	   X	   X	  
Table	  5.39	  Statistical	  significance	  of	  unilateral/bilateral	  degeneration	  in	  the	  elbow	  joints	  with	  sex	  and	  
age	  in	  the	  rural	  and	  urban	  sites.	  
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Across the populations males tended to be more affected by unicompartmental 

and bicompartmental changes than females and this pattern remained in the combined 

rural and urban samples (Figure 5.20). Males were also slightly more affected with 

bicompartmental degeneration. In females there were no specific pattens to be observed. 

Bicompartmental degeneration tended to occur more in the old adults but, once again, 

no clear patterns were observed between the sites, aside from the increase in cases with 

age (Figure 5.21). The total sample analysis is available in Appendix C6. 

 

 
Figure	  5.20	  Unicompartmental	  and	  bicompartmental	  degeneration	  of	  the	  elbow	  joints	  compared	  with	  
sex	  in	  the	  rural	  and	  urban	  sites.	  
 

 
Figure	  5.21	  Unicompartmental	  and	  bicompartmental	  degeneration	  of	  the	  elbow	  joints	  compared	  with	  
age	  in	  the	  rural	  and	  urban	  sites.	  
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5.2.6.i. Main	  Findings	  for	  the	  Elbow	  Joint	  

- Preservation in this joint was variable and ranged from 40% to over 90%. 

- Unicompartmental degeneration was more common in Fewston, Coach Lane 

and Coronation Street. 

- Barton-upon-Humber presented a divergent pattern. The left elbow was more 

bicompartmentally affected and the right elbow was more unicompartmentally 

affected. 

- Only Barton-upon-Humber and Coronation Street had statistically significant 

relationships with age and sex, respectively. 

- In general males were more affected by both unilateral and bilateral 

degeneration in the elbow joints than females. 

- Degeneration in the compartments increased with age. 

- Unicompartmental combined TPRs were higher in the urban sample, and no 

patterns were found in bicompartmental degeneration. 

 

 

5.2.7. The	  Hip	  Joint	  
 In general the hip joint was well preserved for analysis in all the samples (Table 

B.7). There were few cases of osteoarthritis, but there seemed to be a higher number in 

Fewston and Barton-upon-Humber and this was confirmed by the site specific TPRs 

(Table 5.40).  Levels of DJC were high and affected about a third of the available hip 

joints in Barton-upon-Humber, Coach Lane and Coronation Street (Table 5.40). The 

unilateral and bilateral distribution of changes was variable between the sites. The 

combined TPRs for DJC in the rural and urban populations were not very different and 

prevalence was variable between the left and right sides. Osteoarthritis was more 

common in the rural sample (Table 5.41).  
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	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   34	   45	   66	   71	   45	   39	   85	   88	   58	   63	  
DJC	   11	   12	   36	   31	   6	   11	   41	   40	   30	   25	  
OA	   4	   1	   2	   3	   0	   0	   1	   2	   2	   1	  
Unilateral	   10	   24	   9	   33	   16	  
Bilateral	   9	   24	   4	   25	   19	  
Total	  Present	   49	   58	   104	   105	   51	   50	   127	   130	   90	   89	  
	   %	   %	   %	   %	   %	  
Site	  specific	  
TPR	  %	  DJC	   22.4	   20.7	   34.6	   29.5	   11.8	   22.0	   32.3	   30.8	   33.3	   28.1	  

Site	  specific	  
TPR	  %	  OA	   8.2	   1.7	   1.9	   2.9	   0	   0	   0.8	   1.5	   2.2	   1.1	  

Table	  5.40	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  hip	  
joint.	  
 

	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   100	   116	   188	   190	  
DJC	   47	   43	   77	   76	  
OA	   6	   4	   3	   3	  
Unilateral	   34	   58	  
Bilateral	   33	   48	  
Total	  Present	  Rural/Urban	   153	   163	   268	   269	  
	   %	   %	  
Combined	  TPR	  %	  DJC	   30.7	   26.4	   28.7	   28.3	  
Combined	  TPR	  %	  OA	   3.9	   2.5	   1.1	   1.1	  

Table	  5.41	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
hip	  joint.	  
 

Only one statistically significant relationship between sex and hip DJC was 

observed for Barton-upon-Humber, while osteoarthritis was not statistically 

significantly related to sex in any of the populations (Table 5.42). There were also no 

statistically significant relationships between osteoarthritis and age, which is probably 

due to the low number of cases available for analysis. Age and DJC were statistically 

significant related only in Coach Lane and Fewston. In the rural and urban combined 

samples the same patterns described above were observed, but all of the relationships 

were weak (Table 5.43). 
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Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   9.064,	  p.007	  
(.294,	  p.007)	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/
Bilateral	   X	   X	   X	   X	   X	  

OA	  Left	   X	   X	   X	   X	   X	  
OA	  Right	   X	   X	   X	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   X	   X	   12.879,	  p.005	  
(.270,	  p.005)	   X	  

DJC	  Right	   X	   X	   X	   12.052,	  p.007	  
(.306,	  p.006)	   X	  

Unilateral/
Bilateral	  

12.943,	  p.021	  
(.345,	  p.013)	   X	   X	   18.879,	  p.004	  

(.262,	  p.003)	   X	  

OA	  Left	   X	   X	   X	   X	   X	  
OA	  Right	   X	   X	   X	   X	   X	  

Table	  5.42	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  hip	  joints	  with	  sex	  and	  age	  in	  the	  separate	  sites.	  
 
 

	   Rural	   Urban	  

Se
x	  

DJC	  Left	   8.898,	  p.010	  	  
(.245,	  p.013)	   X	  

DJC	  Right	   X	   X	  

Unilateral/Bilateral	   11.221,	  p.016	  	  
(.196,	  p.012)	   X	  

OA	  Left	   X	   X	  
OA	  Right	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   19.294,	  p.000	  	  
(.265,	  p.000)	  

DJC	  Right	   10.112,	  p.016	  	  
(.236,	  p.027)	  

19.086,	  p.000	  	  
(.261,	  p.000)	  

Unilateral/Bilateral	   X	   31.976,	  p.000	  	  
(.232,	  p.000)	  

OA	  Left	   X	   X	  
OA	  Right	   X	   X	  

Table	  5.43	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  hip	  joints	  with	  sex	  and	  age	  in	  the	  urban	  and	  
rural	  sites.	  
 

In general, males were more affected by DJC than females, but Coronation 

Street and Hanging Ditch did have divergent patterns. Patterns also differed between the 

left and right sides. Osteoarthritis tended to occur more in males, with the exception of 

Barton-upon-Humber where females were more affected (Table 5.44). In the rural and 

urban samples, males were consistently more affected than females (Figure 5.22).  
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   5	   23	   21	   43	   3	   20	   24	   62	   21	   36	  
%	   21.7	   48.8	   15.0	   38.7	   58.3	  

Unknown	  
Nr	   1	   1	   2	   3	   0	   3	   1	   4	   4	   6	  
%	   100	   66.7	   0	   25.0	   0	  

Female	  
Nr	   5	   25	   13	   58	   3	   28	   16	   61	   35	   48	  
%	   20	   22.4	   10.7	   26.2	   72.9	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   4	   23	   0	   43	   0	   20	   1	   62	   2	   36	  
%	   17.4	   0	   0	   1.6	   5.5	  

Unknown	  
Nr	   0	   1	   0	   3	   0	   3	   0	   4	   0	   6	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   25	   2	   58	   0	   28	   0	   61	   0	   48	  
%	   0	   3.4	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   7	   26	   17	   44	   4	   21	   19	   64	   13	   38	  
%	   26.9	   38.6	   19.0	   29.7	   34.2	  

Unknown	  
Nr	   1	   3	   0	   3	   0	   0	   27	   	  	   1	   3	  
%	   33.3	   0	   0	   28.6	   33.3	  

Female	  
Nr	   4	   29	   14	   58	   7	   29	   19	   60	   11	   48	  
%	   13.8	   24.1	   24.1	   31.7	   22.9	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   1	   26	   0	   44	   0	   21	   0	   64	   1	   38	  
%	   3.8	   0	   0	   0	   2.6	  

Unknown	  
Nr	   0	   3	   0	   3	   0	   0	   0	   7	   0	   3	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   29	   3	   58	   0	   29	   2	   60	   0	   48	  
%	   0	   5.2	   0	   3.3	   0	  

Table	  5.44	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  hip	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.22	  DJC	  and	  OA	  distribution	  compared	  with	  sex	  in	  the	  hip	  joint	  in	  the	  rural	  and	  urban	  sample.	  
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 A general pattern observed in Fewston, Barton-upon-Humber and Coronation 

Street was that males were more commonly bilaterally affected in the hip joint, but this 

was not the case in Hanging Ditch and Coach Lane. In all populations, females tended 

to be more unilaterally than bilaterally affected. The rural males were more bilaterally 

affected, whereas in the urban males this pattern was reversed (Figure 5.23). This 

suggested that different factors affect disease distribution between males and females.  

 

 
Figure	  5.23	  Unilateral	  and	  bilateral	  degeneration	  compared	  with	  sex	  in	  the	  hip	  joint	  in	  the	  rural	  and	  
urban	  sites.	  
 

 An increase of DJC with age can be observed, but it is interesting that on the left 

side more young adults tend to be affected by DJC than on the right side (Table 5.45 

and Figure 5.24). It was interesting to note that young adults were affected by DJC and 

osteoarthritis, and these cases could represent secondary degeneration. There were no 

specific patterns to be discerned for the unilateral/bilateral distribution of changes 

within the age categories. The results of the total sample analysis are available in 

Appendix C7. 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   1	   9	   5	   14	   0	   12	   5	   31	   1	   12	  
%	   11.0	   35.7	   0	   16.0	   8.0	  

Middle	  adult	  
Nr	   2	   14	   13	   41	   2	   24	   17	   37	   8	   28	  
%	   14.3	   31.7	   8.3	   45.9	   28.6	  

Old	  adult	  
Nr	   5	   14	   16	   44	   3	   10	   15	   33	   16	   34	  
%	   35.7	   36.4	   30.0	   45.5	   47.1	  

Adult	  
Nr	   3	   12	   2	   5	   1	   5	   4	   26	   5	   16	  
%	   25.0	   40.0	   20.0	   15.0	   31.0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   9	   0	   14	   0	   12	   0	   31	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   1	   14	   1	   41	   0	   24	   1	   37	   0	   28	  
%	   7.1	   2.4	   0	   2.7	   0	  

Old	  adult	  
Nr	   3	   14	   1	   44	   0	   10	   0	   33	   1	   34	  
%	   21.4	   2.3	   0	   0	   2.9	  

Adult	  
Nr	   0	   12	   0	   5	   0	   5	   0	   26	   1	   16	  
%	   0	   0	   0	   0	   6.2	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   0	   10	   1	   14	   0	   13	   5	   33	   1	   12	  
%	   0	   7.0	   0	   15.2	   8.3	  

Middle	  adult	  
Nr	   2	   17	   12	   41	   6	   23	   14	   38	   8	   30	  
%	   11.8	   29.3	   26.1	   36.8	   26.7	  

Old	  adult	  
Nr	   6	   14	   15	   46	   4	   10	   17	   35	   13	   36	  
%	   42.9	   32.6	   40.0	   48.6	   36.1	  

Adult	  
Nr	   4	   17	   3	   4	   1	   4	   4	   25	   3	   11	  
%	   23.5	   70.0	   25.0	   16.0	   27.0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   10	   1	   14	   0	   13	   0	   33	   0	   12	  
%	   0	   7.0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   17	   1	   41	   0	   23	   0	   38	   0	   30	  
%	   0	   2.4	   0	   0	   0	  

Old	  adult	  
Nr	   1	   14	   1	   46	   0	   10	   1	   35	   1	   36	  
%	   7.0	   2.2	   0	   2.9	   2.8	  

Adult	  
Nr	   0	   17	   0	   4	   0	   4	   1	   25	   0	   11	  
%	   0	   0,0	   0	   4.0	   0	  

Table	  5.45	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  hip	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.24	  DJC	  and	  OA	  compared	  with	  age	  in	  the	  hip	  joint	  in	  the	  rural	  and	  urban	  sites.	  
 

5.2.7.i. Main	  Findings	  for	  the	  Hip	  Joint:	  

- Preservation levels in the hip joint were lowest in Fewston, but the other sites 

had high percentages of joints present for analysis.  

- The left hip tended to be more affected by DJC than the right hip. There was 

more variation for osteoarthritis 

- Osteoarthritis levels were highest in Fewston, and DJC levels were highest in 

Coach Lane. 

- DJC tended to be more common in males than in females, but the sex 

distribution of osteoarthritis varied between the sites. In the rural sample males 

were more affected than females, but in the urban sample the sex distribution 

was variable in the left and right joints. 

- Females tended to be more unilaterally affected by degeneration and males 

showed more bilateral degeneration. 

- Degeneration increased with age. 

- Osteoarthritis was more prevalent in rural populations. DJC was higher in the 

left hip in rural populations and right hip in the urban populations. 
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5.2.8. The	  Medial	  Patellofemoral	  Joint	  

 Preservation levels of the medial patellofemoral joint compartment were 

variable between populations, with the highest levels in Barton-upon-Humber and the 

lowest levels in Fewston (Table B.8). Osteoarthritis was uncommon in the medial 

compartment, but the site specific TPR was higher in the right medial patellofemoral 

joint of Coronation Street. The site specific TPR for DJC was highest in Coach Lane 

(Table 5.46). Unilateral degeneration was more common for the medial patellofemoral 

compartment. The combined TPRs indicated that DJC was more common in the rural 

populations than in the urban populations. Osteoarthritis patterns were less clear, but the 

highest percentage was present for the right side in the urban sample (Table 5.47). 

 

 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   34	   37	   90	   91	   35	   33	   101	   101	   74	   74	  
DJC	   1	   1	   8	   8	   0	   2	   16	   13	   7	   6	  
OA	   0	   0	   1	   1	   0	   0	   0	   0	   1	   4	  
Unilateral	   2	   12	   2	   19	   10	  
Bilateral	   0	   3	   0	   5	   4	  
Total	  Present	   35	   38	   99	   100	   35	   35	   117	   114	   82	   84	  
	   %	   %	   %	   %	   %	  
Site	  specific	  
TPR	  %	  DJC	   2.9	   2.6	   8.1	   8.0	   0	   5.7	   13.7	   11.4	   8.5	   7.1	  

Site	  specific	  
TPR	  %	  OA	   0	   0	   1.0	   1.0	   0	   0	   0	   0	   1.2	   4.8	  

Table	  5.46	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  
medial	  patellofemoral	  joint	  
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	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   124	   128	   211	   208	  
DJC	   9	   9	   23	   20	  
OA	   1	   1	   1	   4	  
Unilateral	   14	   31	  
Bilateral	   3	   9	  
Total	  Present	  Rural/Urban	   134	   138	   235	   232	  
	   %	   %	  
Combined	  TPR	  %	  DJC	   6.7	   6.5	   9.8	   8.6	  
Combined	  TPR	  %	  OA	   0.7	   0.7	   0.4	   1.7	  

Table	  5.47	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  
degeneration	  in	  the	  medial	  patellofemoral	  joint.	  
 

Statistically significant relationships between age or sex and DJC were only 

present for Coach Lane, but they were weak (Table 5.48). Only DJC in the urban 

samples were statistically significantly correlated with age, but once again these 

relationships were weak (Table 5.49). 

 

	  
Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   12.283,	  p.010	  	  
(.205,	  p.050)	   X	  

Unilateral/
Bilateral	   X	   X	   X	   X	   X	  

	   	   	   	   	   	   	  

Ag
e	  

DJC	  Left	   X	   X	   X	   9.305,	  p.019	  	  
(.274,	  p.030)	   X	  

DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/
Bilateral	   X	   X	   X	   14.603,	  p.008	  	  

(.243,	  p.016)	   X	  

Table	  5.48	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  medial	  patellofemoral	  joints	  with	  sex	  and	  age	  
in	  the	  separate	  sites.	  
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Rural	   Urban	  

Se
x	  

DJC	  Left	   X	   X	  
DJC	  Right	   X	   X	  
Unilateral/Bilateral	   X	   X	  
OA	  Left	   X	   X	  
OA	  Right	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   8.976,	  p.024	  
(.178,	  p.059)	  

DJC	  Right	   X	   10.843,	  p.040	  
(.143,	  p.105)	  

Unilateral/Bilateral	   X	   17.757,	  p.003	  
(.172,	  p.015)	  

OA	  Left	   X	   X	  
OA	  Right	   X	   X	  

Table	  5.49	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  medial	  patellofemoral	  joints	  with	  sex	  and	  age	  
in	  the	  rural	  and	  urban	  sites.	  

 

Females tended to be more affected by osteoarthritis than males. For DJC the 

general pattern was that females were more affected, but there were site specific 

differences. For example TPRs for DJC in the left joint in Coronation Street were 

higher for males than for females (Table 5.50). The variability of the distribution of 

DJC between the sexes and the higher number of females with osteoarthritis is clearly 

observable in the rural and urban samples (Figure 5.25). No patterns were present in the 

unilateral/bilateral distribution of degeneration in the sex categories. More middle and 

old adults were affected than young adults (Table 5.51 and Figure 5.26). Additional 

information on the total sample analysis is available in Appendix C8. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 194 

	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   1	   19	   2	   42	   0	   17	   7	   57	   5	   31	  
%	   5.3	   4.8	   0	   12.3	   16.1	  

Unknown	  
Nr	   0	   5	   1	   3	   0	   2	   1	   6	   0	   6	  
%	   0	   333.3	   0	   16.7	   0	  

Female	  
Nr	   0	   14	   5	   54	   0	   16	   8	   55	   2	   45	  
%	   0	   9.3	   0	   14.5	   4.4	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   19	   0	   42	   0	   17	   0	   57	   0	   31	  
%	   0	   0	   0	   0	   0	  

Unknown	  
Nr	   0	   5	   0	   3	   0	   2	   0	   6	   0	   6	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   14	   1	   54	   0	   16	   0	   55	   1	   45	  
%	   0	   1.8	   0	   0	   2.2	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   1	   21	   3	   42	   2	   16	   1	   54	   2	   36	  
%	   4.8	   7.1	   12.5	   1.8	   5.5	  

Unknown	  
Nr	   0	   1	   1	   3	   0	   1	   1	   4	   0	   5	  
%	   0	   33.3	   0	   25.0	   0	  

Female	  
Nr	   0	   16	   4	   55	   0	   18	   10	   56	   4	   43	  
%	   0	   7.3	   0	   17.8	   9.3	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   21	   0	   42	   0	   16	   0	   54	   2	   36	  
%	   0	   0	   0	   0	   5.5	  

Unknown	  
Nr	   0	   1	   0	   3	   0	   1	   0	   4	   0	   14	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   16	   1	   54	   0	   18	   0	   56	   2	   43	  
%	   0	   1.8	   0	   0	   4.6	  

Table	  5.50	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  medial	  patellofemoral	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.25	  DJC	  and	  OA	  compared	  with	  sex	  in	  the	  medial	  patellofemoral	  joint	  in	  the	  rural	  and	  urban	  
sites.	  
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   0	   7	   1	   13	   0	   7	   0	   28	   0	   12	  
%	   0	   7.7	   0	   0	   0	  

Middle	  adult	  
Nr	   1	   11	   3	   38	   0	   14	   9	   35	   2	   25	  
%	   9.1	   7.9	   0	   25.7	   8.0	  

Old	  adult	  
Nr	   0	   9	   4	   43	   0	   10	   4	   30	   4	   32	  
%	   0	   9.3	   0	   13.3	   12.5	  

Adult	  
Nr	   0	   8	   0	   5	   0	   4	   3	   25	   1	   13	  
%	   0	   0	   0	   12.0	   7.7	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   7	   0	   13	   0	   7	   0	   28	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   11	   0	   38	   0	   14	   0	   35	   0	   25	  
%	   0,0	   0	   0	   0	   0	  

Old	  adult	  
Nr	   0	   9	   1	   43	   0	   10	   0	   30	   1	   32	  
%	   0	   2.3	   0	   0	   3.1	  

Adult	  
Nr	   0	   8	   0	   5	   0	   4	   0	   26	   0	   13	  
%	   0	   0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   0	   7	   2	   13	   0	   8	   0	   28	   0	   11	  
%	   0	   15.0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   12	   1	   39	   1	   15	   6	   34	   3	   27	  
%	   0	   2.6	   6.7	   17.6	   11.1	  

Old	  adult	  
Nr	   1	   12	   5	   44	   1	   9	   4	   31	   3	   34	  
%	   8.3	   11.4	   11.1	   12.9	   8.8	  

Adult	  
Nr	   0	   7	   0	   4	   0	   3	   2	   21	   0	   12	  
%	   0	   0	   0	   9.5	   0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   7	   0	   13	   0	   8	   0	   28	   0	   11	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   12	   0	   39	   0	   15	   0	   34	   1	   27	  
%	   0	   0	   0	   0	   3.7	  

Old	  adult	  
Nr	   0	   12	   1	   44	   0	   9	   0	   31	   3	   24	  
%	   0	   2.3	   0	   0	   12.5	  

Adult	  
Nr	   0	   7	   0	   4	   0	   3	   0	   21	   0	   12	  
%	   0	   0,0	   0	   0	   0	  

Table	  5.51	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  medial	  patellofemoral	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.26	  DJC	  and	  OA	  compared	  with	  age	  in	  the	  medial	  patellofemoral	  joint	  in	  the	  rural	  and	  urban	  
sites.	  
 

5.2.8.i. Main	  Findings	  for	  the	  Medial	  Patellofemoral	  

Compartment	  

- Preservation of the medial patellofemoral joint was variable across the different 

populations and ranged between 35-95%. 

- Osteoarthritis was not common, but occurred most in Coronation Street. 

- DJC was most prevalent in Coach Lane. 

- Unilateral distribution of degeneration occurred more frequently than bilateral 

degeneration across all of the sites. 

- Only Coach Lane had statistically significant results, but Cramer’s V tests 

indicated weak relationships. 

- Females tended to be more affected than males by both DJC and osteoarthritis. 

- Young adults were only affected in rural sites. In general, middle and old adults 

were most affected by DJC and OA. 

- DJC occurred more in the urban populations and the highest level of 

osteoarthritis was present in the urban right medial patellofemoral joint. 
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5.2.9. The	  Lateral	  Patellofemoral	  Joint	   	  

Similar preservations levels were observed in the medial patellofemoral joint 

(Table B.9). Unlike in the medial patellofemoral compartment, osteoarthritis site 

specific TPRs were highest in Barton-upon-Humber and the site specific TPRs for DJC 

cases were still highest in Coach Lane, as for the medial compartment (Table 5.52). 

Unilateral degeneration was most common across all the sites. In the combined TPRs 

osteoarthritis was most common in the rural sample, but DJC was variable between the 

left and right sides. On the left the urban sample had the highest prevalence, whereas on 

the right the rural sample had a slightly higher percentage (Table 5.53). 

  

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   39	   37	   90	   86	   35	   37	   106	   102	   72	   80	  
DJC	   2	   3	   4	   7	   1	   1	   14	   11	   9	   3	  
OA	   0	   0	   5	   6	   0	   0	   1	   2	   1	   2	  
Unilateral	   3	   12	   2	   10	   9	  
Bilateral	   1	   5	   0	   9	   3	  
Total	  present	   41	   40	   99	   99	   36	   38	   121	   115	   82	   85	  
	   %	   %	   %	   %	   %	  
Site	  specific	  
TPR	  %	  DJC	   4.9	   7.5	   4.0	   7.1	   2.8	   2.6	   11.6	   9.6	   11.0	   3.5	  

Site	  specific	  
TPR	  %	  OA	   0	   0	   5.1	   6.1	   0	   0	   0.8	   1.7	   1.2	   2.4	  

Table	  5.52	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  
lateral	  patellofemoral	  joint.	  
 

	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   129	   123	   213	   220	  
DJC	   6	   10	   24	   15	  
OA	   5	   6	   2	   4	  
Unilateral	   15	   21	  
Bilateral	   6	   12	  
Total	  present	  Rural/Urban	   140	   139	   239	   239	  
	   %	   %	  
Combined	  TPR	  %	  DJC	   4.3	   7.2	   10.0	   6.3	  
Combined	  TPR	  %	  OA	   3.6	   4.3	   0.8	   1.7	  

Table	  5.53	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
lateral	  patellofemoral	  joint.	  
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There were no statistically significant relationships between age or sex and the 

presence of DJC or OA for the separate sites and this was also the case in the 

rural/urban combined samples (Table 5.54).  

 

	  
Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/
Bilateral	   X	   X	   X	   X	   X	  

OA	  Left	   X	   X	   X	   X	   X	  

OA	  Right	   X	   X	   X	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   X	   X	   X	   X	  
DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/
Bilateral	  

X	   X	   X	   X	   X	  

OA	  Left	   X	   X	   X	   X	   X	  
OA	  Right	   X	   X	   X	   X	   X	  

Table	  5.54	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  lateral	  patellofemoral	  joints	  with	  sex	  and	  age	  in	  
the	  separate	  sites.	  
 

Similar to the medial compartment, the lateral compartment has variable site 

specific patterns for the sexes and they also differ between the left and right sides (Table 

5.55). Osteoarthritis tended to affect females more than males. In the rural population 

sample males were more affected by DJC, whereas females had more osteoarthritis. In 

the urban sample DJC was common in females, as was osteoarthritis (Figure 5.27). 

Unilateral degeneration levels did not differ much between the sexes in the rural and 

urban samples, but bilateral degeneration occurred more in females in both samples. 

Degeneration increased with age, but there was a high number of middle adults affected 

in both the rural and urban samples ( Figure 5.28). More information on the total sample 

analysis is available in Appendix C9. 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   1	   21	   2	   42	   1	   17	   6	   60	   4	   31	  
%	   4.8	   4.8	   5.9	   10.0	   12.9	  

Unknown	  
Nr	   0	   3	   1	   3	   0	   2	   1	   7	   1	   6	  
%	   0	   33.3	   0	   14.3	   16.7	  

Female	  
Nr	   1	   17	   1	   54	   0	   17	   7	   54	   4	   45	  
%	   5.9	   1.8	   0	   13.0	   8.8	  

O
A	  

Male	  
Nr	   0	   21	   0	   42	   0	   17	   0	   60	   0	   31	  
%	   0	   0	   0	   0	   0	  

Unknown	  
Nr	   0	   3	   0	   3	   0	   2	   0	   7	   0	   6	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   17	   5	   54	   0	   17	   1	   54	   1	   45	  
%	   0	   9.3	   0	   1.8	   2.2	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   2	   20	   4	   41	   0	   17	   2	   55	   1	   36	  
%	   10.0	   9.8	   0	   3.6	   2.8	  

Unknown	  
Nr	   0	   2	   1	   3	   0	   1	   1	   5	   0	   5	  
%	   0	   33.3	   0	   20.0	   0	  

Female	  
Nr	   1	   18	   2	   55	   1	   20	   8	   55	   2	   45	  
%	   5.6	   3.6	   5.0	   14.5	   4.4	  

O
A	  

Male	  
Nr	   0	   20	   1	   41	   0	   17	   0	   55	   1	   36	  
%	   0	   2.4	   0	   0	   2.8	  

Unknown	  
Nr	   0	   2	   0	   3	   0	   1	   0	   5	   0	   5	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   18	   5	   55	   0	   20	   2	   55	   1	   45	  
%	   0	   9.1	   0	   3.6	   2.2	  

Table	  5.55	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  lateral	  patellofemoral	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.27	  DJC	  and	  OA	  compared	  with	  sex	  in	  the	  lateral	  patellofemoral	  joints	  in	  the	  rural	  and	  urban	  
sites.	  
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   0	   8	   0	   13	   0	   7	   1	   29	   0	   12	  
%	   0	   0	   0	   3.0	   0	  

Middle	  adult	  
Nr	   1	   12	   0	   38	   0	   15	   7	   35	   1	   25	  
%	   8.3	   0	   0	   20.0	   4.0	  

Old	  adult	  
Nr	   0	   10	   3	   43	   1	   10	   2	   31	   5	   32	  
%	   0	   6.8	   10.0	   6.5	   15.6	  

Adult	  
Nr	   1	   11	   1	   5	   0	   4	   4	   26	   3	   13	  
%	   9.0	   20.0	   0	   15.0	   23.1	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   8	   0	   13	   0	   7	   0	   12	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   12	   3	   38	   0	   15	   1	   35	   0	   25	  
%	   0	   7.9	   0	   2.9	   0	  

Old	  adult	  
Nr	   0	   10	   2	   43	   0	   10	   0	   31	   1	   32	  
%	   0	   4.6	   0	   0	   3.1	  

Adult	  
Nr	   0	   11	   0	   5	   0	   4	   0	   26	   0	   13	  
%	   0	   0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   1	   7	   0	   13	   0	   8	   1	   28	   0	   11	  
%	   14.3	   0	   0	   3.6	   0	  

Middle	  adult	  
Nr	   1	   12	   1	   39	   0	   16	   6	   33	   0	   28	  
%	   8.3	   2.6	   0	   18.2	   0	  

Old	  adult	  
Nr	   1	   12	   6	   43	   1	   10	   1	   30	   3	   35	  
%	   8.3	   13.9	   10.0	   3.3	   8.6	  

Adult	  
Nr	   0	   9	   0	   4	   0	   4	   3	   24	   0	   12	  
%	   0	   0	   0	   12.5	   0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   7	   0	   13	   0	   8	   0	   29	   0	   11	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   12	   4	   39	   0	   16	   1	   33	   0	   28	  
%	   0	   10.3	   0	   3.0	   0	  

Old	  adult	  
Nr	   0	   12	   2	   43	   0	   10	   1	   30	   2	   35	  
%	   0	   4.6	   0	   3.3	   5.7	  

Adult	  
Nr	   0	   9	   0	   4	   0	   4	   0	   24	   0	   12	  
%	   0	   0,0	   0	   0	   0	  

Table	  5.56	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  lateral	  patellofemoral	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.28	  DJC	  and	  OA	  compared	  with	  age	  in	  the	  lateral	  patellofemoral	  joints	  in	  the	  rural	  and	  urban	  
sites.	  
 

5.2.9.i. Main	  Findings	  for	  the	  Lateral	  Patellofemoral	  

Compartment	  

- Preservation was variable, but slightly higher than the medial compartment (42-

93%). 

- Osteoarthritis was most common in Barton-upon-Humber and DJC occurred 

most in Coach Lane. 

- No statistically significant relationships for either age or sex were present. 

- Unilateral distribution of degeneration was more common than bilateral 

degeneration in all populations. 

- In the rural population the right side was more affected than the left for both 

DJC and OA. In the urban population DJC was more prevalent on the left, and 

osteoarthritis on the right. 

- The urban populations tended to have higher TPR percentages for DJC than the 

rural population. For osteoarthritis the rural populations tended to be more 

affected. 

- Females had more osteoarthritis in both rural and urban samples. In the rural 

population males had more DJC, and in the urban population the distribution 

was equal between the sexes on the left and higher in females in the right. 

- Females were more bilaterally affected than males. 

- Degeneration increased with age. 
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5.1.1. The	  Patellofemoral	  Joint	  

The complete patellofemoral joint is now analysed in the same manner as the 

elbow joint and the focus is on examining the unicompartmental and bicompartmental 

distribution of degeneration within the left and the right patellofemoral joints. 

Detailed information on preservation levels of the patellofemoral joint are 

available in Table B.10. Unicompartmental degeneration was more common than 

bicompartmental degeneration for all the populations. The highest TPRs of 

unicompartmental degeneration were found in Barton-upon-Humber and Coach Lane. 

Bicompartmental TPRs were highest in the left patellofemoral joint of Coach Lane and 

Coronation Street (Table 5.57). The combined TPRs for unicompartmental degeneration 

were similar between the rural and urban sites. Bicompartmental degeneration was 

higher in the urban sample (Table 5.58).  

 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   39	   38	   86	   85	   35	   35	   100	   99	   70	   76	  
Unicompartmental	   1	   2	   9	   10	   1	   3	   13	   11	   6	   7	  
Bicompartmental	   1	   1	   4	   6	   0	   0	   9	   7	   6	   4	  
Total	  Present	   41	   41	   99	   101	   36	   38	   122	   117	   82	   87	  
	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  %	  
unicompartmental	   2.4	   4.9	   9.1	   9.9	   2.8	   7.9	   10.7	   9.4	   7.3	   8.0	  

Site	  specific	  TPR	  %	  
bicompartmental	   2.4	   2.4	   4.0	   5.9	   0	   0	   7.4	   6.0	   7.3	   4.6	  

Table	  5.57	  Number	  of	  cases	  (N)	  of	  unicompartmental	  and	  bicompartmental	  degeneration	  and	  
percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  patellofemoral	  joint.	  
 
	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   125	   123	   205	   210	  
Unicompartmental	   10	   12	   20	   21	  
Bicompartmental	   5	   7	   15	   11	  
Total	  Present	  Rural/Urban	   140	   142	   240	   242	  
	   %	   %	  
Combined	  TPR	  %	  unicompartmental	   7.1	   8.5	   8.3	   8.7	  
Combined	  TPR	  %	  bicompartmental	   3.6	   4.9	   6.3	   4.5	  
Table	  5.58	  Number	  of	  cases	  (N)	  of	  unicompartmental	  and	  bicompartmental	  degeneration	  for	  rural	  
and	  urban	  TPRs	  for	  the	  patellofemoral	  joint.	  
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Only one statistically significant result was present for unicompartmental 

/bicompartmental distribution of degeneration in the patellofemoral joint and this was 

with sex in the right joint in Coach Lane, but this relationship was weak (Table 5.59). In 

the rural/urban combined populations no statistically significant relationships were 

found. 

 

	   	  
Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	   X	   X	   X	   X	   X	  

Right	   X	   X	   X	   12.478,	  p.009	  	  
(.227,	  p.031)	   X	  

	   	   	   	   	   	   	  

Ag
e	   Left	   X	   X	   X	   X	   X	  

Right	   X	   X	   X	   X	   X	  
Table	  5.59	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  patellofemoral	  joints	  with	  sex	  and	  age	  in	  the	  
separate	  sites.	  
 

Unicompartmental/bicompartmental degeneration between the sexes in the 

patellofemoral joint was variable between the populations, but in general females were 

more affected by both types of changes than males (Figure 5.29). In the rural and urban 

populations females were still more affected unicompartmentally, but bicompartmental 

degeneration was variable and often occurred equally between the sexes, aside from the 

right urban patellofemoral joint. 

 

 
Figure	  5.29	  Unicompartmental	  and	  bicompartmental	  degeneration	  compared	  with	  sex	  in	  the	  
patellofemoral	  joint	  in	  the	  rural	  and	  urban	  sites.	  
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Degeneration increased with age, but young adults were only unilaterally 

affected (Figure 5.30). More information on the total sample analysis is available in 

Appendix C10. 

 

 
Figure	   5.30	   Unicompartmental	   and	   bicompartmental	   degeneration	   compared	   with	   age	   in	   the	  
patellofemoral	  joint	  in	  the	  rural	  and	  urban	  sites.	  
 

5.2.9.ii. Main	  Findings	  for	  the	  Patellofemoral	  Joint	  

- Preservation was variable and followed the same pattern observed in the medial 

and lateral compartments. 

- Unicompartmental degeneration of the compartments was most common in all 

of the populations. 

- In general unicompartmental and bicompartmental degeneration affected 

females more than males, but when the data were analysed on a site-specific 

basis different patterns became apparent. 

- The correlation with age followed the general pattern described for other joints. 
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5.2.10. The	  Medial	  Tibiofemoral	  Joint	  

 Preservation levels of the medial tibiofemoral joint compartment have 

been described in Table B.11 and were variable across the sites. Osteoarthritis cases in 

the medial tibiofemoral compartment were not common, and the site specific TPRs 

were similar between Barton-upon-Humber, Coach Lane and Coronation Street. TPRs 

for DJC were highest in the right medial tibiofemoral joint for Coronation Street (Table 

5.60). It was interesting that there were no cases of degeneration in Fewston and only 

isolated cases in Hanging Ditch. Unilateral degeneration was most common. The 

combined TPRs indicated that the urban sample was more affected by both DJC and 

osteoarthritis than the rural sample (Table 5.60).  

 

 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   39	   42	   90	   90	   34	   35	   98	   100	   77	   72	  
DJC	   0	   0	   9	   8	   1	   1	   11	   12	   7	   13	  
OA	   0	   0	   1	   1	   0	   0	   2	   0	   1	   0	  
Unilateral	   0	   13	   2	   15	   11	  
Bilateral	   0	   3	   0	   5	   5	  
Total	  present	   39	   42	   100	   99	   35	   36	   111	   112	   85	   85	  
	   %	   %	   %	   %	   %	  
Site	  specific	  
TPR	  %	  DJC	   0	   0	   9.0	   8.1	   2.9	   2.8	   9.9	   10.7	   8.2	   15.3	  

Site	  specific	  
TPR	  %	  OA	   0	   0	   1.0	   1.0	   0	   0	   1.8	   0	   1.2	   0	  

Table	  5.60	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  
medial	  tibiofemoral	  joint.	  
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	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   129	   132	   209	   207	  
DJC	   9	   8	   19	   26	  
OA	   1	   1	   3	   0	  
Unilateral	   13	   28	  
Bilateral	   3	   10	  
Total	  present	  Rural/Urban	   139	   141	   231	   233	  
	   %	   %	  
Combined	  TPR	  %	  DJC	   6.5	   5.7	   8.2	   11.2	  
Combined	  TPR	  %	  OA	   0.7	   0.7	   1.3	   0	  

Table	  5.61	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
medial	  tibiofemoral	  joint.	  
 

Only people at Coach Lane had statistically significant relationships between 

age or sex and DJC in this compartment, but the relationships were weak. This was also 

the case in the total urban sample, where DJC was statistically significantly related to 

age, but these relationships were weak (Table 5.62 and Table 5.63). 

 

	  
Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   X	   X	   X	   X	  
DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/
Bilateral	   X	   X	   X	   14.231,	  p.003,	  

(.254,	  p.012)	   X	  

OA	  Left	   X	   X	   X	   X	   X	  
OA	  Right	   X	   X	   X	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   8.107,	  p.029	  	  
(.270,	  p.036)	   X	  

Unilateral/
Bilateral	   X	   X	   X	   16.718,	  p.002	  

(.286,	  p.002)	   X	  

OA	  Left	   X	   X	   X	   X	   X	  
OA	  Right	   X	   X	   X	   X	   X	  

Table	  5.62	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  medial	  tibiofemoral	  joints	  with	  sex	  and	  age	  in	  
the	  separate	  sites.	  
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Rural	   Urban	  

Se
x	  

DJC	  Left	   X	   X	  
DJC	  Right	   X	   X	  
Unilateral/Bilateral	   X	   X	  
OA	  Left	   X	   X	  
OA	  Right	   X	   X	  

	  
Ag

e	  
DJC	  Left	   X	   X	  

DJC	  Right	   X	   14.586,	  p.007	  	  
(.163,	  p.026)	  

Unilateral/Bilateral	   X	   17.437,	  p.004	  	  
(.174,	  p.015)	  

OA	  Left	   X	   X	  
OA	  Right	   X	   X	  

Table	  5.63	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  medial	  tibiofemoral	  joints	  with	  sex	  and	  age	  in	  
the	  rural	  and	  urban	  sites.	  
 

 Osteoarthritis and DJC cases were variable between the sexes in the 

separate sites, but females tended to have slightly higher TPRs than males for both DJC 

and osteoarthritis, and this was also the case in the rural/urban samples (Table 5.64 and 

Figure 5.31). Unilateral and bilateral distribution was variable across the populations, 

but unilateral degeneration was more common in females. The comparison between 

degeneration and age was clear in most of the populations. In Coach Lane there were 

more middle adults affected than old adults, whereas in Coronation Street and Barton-

Upon-Humber the old adults were more commonly affected (Table 5.65). The only case 

of young adult DJC can be found in the Barton-Upon-Humber population. Additional 

information on the total sample analysis is available in Appendix C11. 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   0	   19	   3	   43	   0	   14	   4	   57	   2	   33	  
%	   0	   7.0	   0	   7.0	   6.1	  

Unknown	  
Nr	   0	   3	   1	   3	   0	   2	   2	   5	   1	   6	  
%	   0	   33.3	   0	   40.0	   16.7	  

Female	  
Nr	   0	   17	   5	   54	   1	   19	   5	   48	   4	   46	  
%	   0	   9.3	   5.3	   10.4	   8.7	  

O
A	  

Male	  
Nr	   0	   19	   0	   43	   0	   14	   1	   57	   0	   33	  
%	   0	   0	   0	   1.7	   0	  

Unknown	  
Nr	   0	   3	   0	   3	   0	   2	   0	   5	   0	   6	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   17	   1	   54	   0	   19	   1	   48	   1	   46	  
%	   0	   1.8	   0	   2.1	   2.2	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   0	   22	   3	   42	   1	   16	   5	   58	   6	   35	  
%	   0	   7.1	   6.2	   8.6	   17.1	  

Unknown	  
Nr	   0	   3	   0	   3	   0	   1	   1	   6	   0	   5	  
%	   0	   0	   0	   16.7	   0	  

Female	  
Nr	   0	   17	   5	   54	   0	   19	   6	   48	   7	   45	  
%	   0	   9.3	   0	   12.5	   15.6	  

O
A	  

Male	  
Nr	   0	   22	   1	   42	   0	   16	   0	   58	   0	   35	  
%	   0	   2.4	   0	   0	   0	  

Unknown	  
Nr	   0	   3	   0	   3	   0	   1	   0	   6	   0	   5	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   17	   0	   54	   0	   19	   0	   48	   0	   45	  
%	   0	   0	   0	   0	   0	  

Table	  5.64	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  medial	  tibiofemoral	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.31	  DJC	  and	  OA	  compared	  with	  sex	  in	  the	  medial	  tibiofemoral	  joints	  in	  the	  rural	  and	  urban	  
sites.	  
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   0	   7	   0	   13	   0	   6	   0	   27	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   10	   2	   39	   1	   16	   7	   35	   1	   27	  
%	   0	   5.1	   6.2	   20.0	   3.7	  

Old	  adult	  
Nr	   0	   11	   7	   43	   0	   9	   2	   28	   5	   33	  
%	   0	   16.3	   0	   7.1	   15.2	  

Adult	  
Nr	   0	   11	   0	   5	   0	   4	   2	   20	   1	   13	  
%	   0	   0	   0	   10.0	   7.7	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   7	   0	   13	   0	   6	   0	   27	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   10	   1	   39	   0	   16	   2	   35	   0	   27	  
%	   0	   2.6	   0	   5.7	   0	  

Old	  adult	  
Nr	   0	   11	   0	   43	   0	   9	   0	   28	   1	   33	  
%	   0	   0	   0	   0	   3.0	  

Adult	  
Nr	   0	   11	   0	   5	   0	   4	   0	   20	   0	   13	  
%	   0	   0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   0	   8	   1	   14	   0	   7	   0	   29	   0	   12	  
%	   0	   7.1	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   14	   3	   39	   0	   14	   7	   32	   4	   28	  
%	   0	   7.7	   0	   21.8	   14.3	  

Old	  adult	  
Nr	   0	   12	   4	   42	   1	   10	   2	   28	   9	   33	  
%	   0	   9.5	   10.0	   7.1	   27.3	  

Adult	  
Nr	   0	   8	   0	   4	   0	   5	   3	   23	   0	   12	  
%	   0	   0	   0	   13.0	   0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   8	   0	   14	   0	   7	   0	   29	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   14	   0	   39	   0	   14	   0	   32	   0	   28	  
%	   0	   0	   0	   0	   0	  

Old	  adult	  
Nr	   0	   12	   1	   42	   0	   10	   0	   28	   0	   33	  
%	   0	   2.4	   0	   0	   0	  

Adult	  
Nr	   0	   8	   0	   4	   0	   5	   0	   23	   0	   12	  
%	   0	   0	   0	   0	   0	  

Table	  5.65	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  medial	  tibiofemoral	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.32	  DJC	  and	  OA	  compared	  with	  age	  in	  the	  medial	  tibiofemoral	  joints	  in	  the	  rural	  and	  urban	  
sites.	  
 

5.2.10.i. Main	  Findings	  for	  the	  Medial	  Tibiofemoral	  Compartment	  

- Preservation rates were variable and range from 40% to over 90% between the 

sites. 

- There were no cases of medial tibiofemoral joint degeneration recorded for 

Fewston and thus the rural sample was dominated by the Barton-Upon-Humber 

population sample. 

- DJC was most common in Coach Lane, Coronation Street and Barton-upon-

Humber. 

- There were few statistically significant results for the medial tibiofemoral joint. 

- Females in general were more affected by DJC than males. 

- Unilateral distribution of degeneration was more common in females, whereas 

males appeared to be slightly more prone to develop bilateral degeneration. 

- Degeneration increased with age, but middle adults were commonly affected in 

the urban sample. 

- The urban population sample was more affected by DJC and OA than the rural 

population sample. 

 

5.2.11. The	  Lateral	  Tibiofemoral	  Joint	  

Preservation levels for the lateral tibiofemoral compartment were similar to the 

medial compartment and are described in detail in Table B.12. Osteoarthritis was very 

uncommon in the lateral tibiofemoral compartment. Site specific TPRs for DJC levels 
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were highest for Coach Lane and Coronation Street, but there was not a large difference 

between the percentages for Barton-upon-Humber (Table 5.66). The combined TPRs 

indicated that the urban sample was more affected by DJC than the rural sample (Table 

5.67). 

 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   43	   42	   89	   87	   35	   36	   97	   97	   76	   74	  
DJC	   0	   0	   9	   10	   0	   1	   14	   13	   9	   11	  
OA	   0	   0	   0	   0	   0	   0	   0	   1	   0	   0	  
Unilateral	   0	   9	   1	   16	   8	  
Bilateral	   0	   5	   0	   6	   6	  
Total	  present	   43	   42	   98	   97	   35	   37	   111	   111	   85	   85	  
	   %	   %	   %	   %	   %	  
Site	  specific	  
TPR	  %	  DJC	   0	   0	   9.2	   10.3	   0	   2.7	   12.6	   11.7	   10.6	   12.9	  

Site	  specific	  
TPR	  %	  OA	   0	   0	   0	   0	   0	   0	   0	   0.9	   0	   0	  

Table	  5.66	  Site	  specific	  TPRs	  in	  the	  lateral	  tibiofemoral	  joint.	  
 

	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  change	   132	   129	   209	   207	  
DJC	   9	   10	   23	   25	  
OA	   0	   0	   0	   1	  
Unilateral	   9	   25	  
Bilateral	   5	   12	  
Total	  present	  Rural/Urban	   141	   139	   232	   233	  
	   %	   %	  
Combined	  TPR	  %	  DJC	   6.4	   7.2	   9.9	   10.7	  
Combined	  TPR	  %	  OA	   0	   0	   0	   0.4	  

Table	  5.67	  Number	  of	  cases	  (N)	  of	  degeneration	  and	  percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  
lateral	  tibiofemoral	  joint.	  
 

There was only one statistically significant relationship recorded for this joint 

compartment and this was between age and the unilateral/bilateral distribution of 

degeneration for Coach Lane (Table 5.68). A Cramer’s V test indicated that this 

relationship was rather weak and probably due to chance. This was also the pattern for 

the rural and urban samples (Table 5.69). 
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Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

DJC	  Left	   X	   X	   X	   X	   X	  
DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/B
ilateral	   X	   X	   X	   X	   X	  

OA	  Left	   X	   X	   X	   X	   X	  
OA	  Right	   X	   X	   X	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   X	   X	   X	   X	  

DJC	  Right	   X	   X	   X	   X	   X	  
Unilateral/B
ilateral	  

X	   X	   X	   11.400,	  p.041	  
(.220,	  p.063)	  

X	  

OA	  Left	   X	   X	   X	   X	   X	  

OA	  Right	   X	   X	   X	   X	   X	  
Table	  5.68	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  lateral	  tibiofemoral	  joints	  with	  sex	  and	  age	  in	  
the	  separate	  sites.	  
  

	  
Rural	   Urban	  

Se
x	  

DJC	  Left	   X	   X	  

DJC	  Right	   X	   X	  
Unilateral/Bilateral	   X	   X	  

OA	  Left	   X	   X	  

OA	  Right	   X	   X	  

	  

Ag
e	  

DJC	  Left	   X	   8.568,	  p.031	  	  
(.172,	  p.072)	  

DJC	  Right	   X	   11.086,	  p.038	  	  
(.151,	  p.060)	  

Unilateral/Bilateral	   X	   13.142,	  p.028	  	  
(.158,	  p.042)	  

OA	  Left	   X	   X	  

OA	  Right	   X	   X	  
Table	  5.69	  Statistical	  significance	  of	  DJC	  and	  OA	  in	  the	  lateral	  tibiofemoral	  joints	  with	  sex	  and	  age	  in	  
the	  rural	  and	  urban	  sites.	  
 

The general trend in the lateral tibiofemoral compartment was that females were 

more affected by DJC than males, but there were site-specific differences. Urban 

females were more affected by DJC than urban males, but in the rural sample the 

patterns were divergent between the left and right sides (Table 5.70 and Figure 5.33). 

There were no consistent patterns to be observed in the unilateral/bilateral distribution 

of degeneration in the sex categories in the separate sites. Degeneration increased with 

age, aside from the fact that for Coach Lane more middle adults were affected (Table 

5.71). In Appendix C12 is a detailed overview of the total sample analysis. 
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Male	  
Nr	   0	   21	   3	   42	   0	   15	   6	   58	   3	   34	  
%	   0	   7.1	   0	   10.3	   8.8	  

Unknown	  
Nr	   0	   4	   1	   3	   0	   2	   1	   5	   1	   6	  
%	   0	   33.3	   0	   20.0	   16.7	  

Female	  
Nr	   0	   18	   5	   53	   0	   18	   7	   48	   5	   46	  
%	   0	   9.4	   0	   14.6	   10.9	  

O
st
eo

ar
th
rit
is	   Male	  

Nr	   0	   21	   0	   42	   0	   15	   0	   58	   0	   34	  
%	   0	   0	   0	   0	   0	  

Unknown	  
Nr	   0	   4	   0	   3	   0	   2	   0	   5	   0	   6	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   18	   0	   53	   0	   18	   0	   48	   0	   46	  
%	   0	   0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Male	  
Nr	   0	   21	   5	   41	   0	   17	   5	   55	   6	   35	  
%	   0	   12.2	   0	   9.1	   17.1	  

Unknown	  
Nr	   0	   4	   1	   3	   0	   1	   1	   6	   0	   5	  
%	   0	   33.3	   0	   16.7	   0	  

Female	  
Nr	   0	   17	   4	   53	   1	   19	   7	   50	   5	   45	  
%	   0	   7.5	   5.3	   14.0	   11.1	  

O
st
eo

ar
th
rit
is
	   Male	  

Nr	   0	   21	   0	   41	   0	   17	   0	   55	   0	   35	  
%	   0	   0	   0	   0	   0	  

Unknown	  
Nr	   0	   4	   0	   3	   0	   1	   0	   6	   0	   5	  
%	   0	   0	   0	   0	   0	  

Female	  
Nr	   0	   17	   0	   53	   0	   19	   1	   50	   0	   45	  
%	   0	   0	   0	   2.0	   0	  

Table	  5.70	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  sex	  for	  the	  lateral	  tibiofemoral	  joint	  in	  the	  individual	  sites.	  
 

 
Figure	  5.33	  DJC	  and	  OA	  in	  the	  lateral	  tibiofemoral	  joint	  compared	  with	  sex	  in	  the	  rural	  and	  urban	  
sites.	  
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	  	   	  	   	  	   	  	   Fewston	   BuH	   HD	   CL	   CS	  
	  	   	  	   	  	   	  	   C	   T	   C	   T	   C	   T	   C	   T	   C	   T	  

Le
ft
	  

DJ
C	  

Young	  adult	  
Nr	   0	   7	   0	   13	   0	   6	   0	   28	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   13	   4	   38	   0	   17	   7	   35	   2	   27	  
%	   0	   10.5	   0	   20.0	   7.4	  

Old	  adult	  
Nr	   0	   11	   5	   43	   0	   8	   4	   28	   6	   33	  
%	   0	   11.6	   0	   14.3	   18.2	  

Adult	  
Nr	   0	   12	   0	   4	   0	   4	   3	   20	   1	   14	  
%	   0	   0	   0	   15.0	   7.1	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   7	   0	   13	   0	   6	   0	   28	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   13	   0	   38	   0	   17	   0	   35	   0	   27	  
%	   0	   0	   0	   0	   0	  

Old	  adult	  
Nr	   0	   11	   0	   43	   0	   8	   0	   28	   0	   33	  
%	   0	   0	   0	   0	   0	  

Adult	  
Nr	   0	   12	   0	   4	   0	   4	   0	   20	   0	   14	  
%	   0	   0	   0	   0	   0	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Ri
gh

t	  

DJ
C	  

Young	  adult	  
Nr	   0	   8	   0	   14	   0	   7	   1	   29	   0	   12	  
%	   0	   0	   0	   3.4	   0	  

Middle	  adult	  
Nr	   0	   13	   5	   38	   0	   15	   6	   33	   4	   28	  
%	   0	   13.2	   0	   18.2	   14.3	  

Old	  adult	  
Nr	   0	   11	   5	   42	   1	   10	   4	   28	   7	   33	  
%	   0	   11.9	   10.0	   14.3	   21.1	  

Adult	  
Nr	   0	   10	   0	   3	   0	   5	   2	   21	   0	   12	  
%	   0	   0	   0	   9.5	   0	  

O
st
eo

ar
th
rit
is	  

Young	  adult	  
Nr	   0	   8	   0	   14	   0	   7	   0	   29	   0	   12	  
%	   0	   0	   0	   0	   0	  

Middle	  adult	  
Nr	   0	   13	   0	   38	   0	   15	   1	   33	   0	   28	  
%	   0	   0	   0	   3.0	   0	  

Old	  adult	  
Nr	   0	   11	   0	   42	   0	   10	   0	   28	   0	   33	  
%	   0	   0	   0	   0	   0	  

Adult	  
Nr	   0	   10	   0	   3	   0	   5	   0	   21	   0	   12	  
%	   0	   0,0	   0	   0	   0	  

Table	  5.71	  Number	  of	  cases	  (C)	  of	  degeneration	  (DJC	  and	  osteoarthritis)	  and	  total	  sample	  (T),	  and	  
TPRs	  (%)	  compared	  with	  age	  for	  the	  lateral	  tibiofemoral	  joint	  in	  the	  individual	  sites.	  
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Figure	  5.34	  DJC	  and	  OA	  in	  the	  lateral	  tibiofemoral	  joint	  compared	  with	  age	  in	  the	  rural	  and	  urban	  
sites.	  
 

5.2.11.i. Main	  Findings	  for	  the	  Lateral	  Tibiofemoral	  Compartment	  

- Preservation levels of the lateral tibiofemoral compartment were similar to the 

medial compartment. 

- There was only one case of osteoarthritis, recorded in Coach Lane. 

- Not many statistically significant relationships were found, except with age.  

- The distribution of degenerative changes between males and females differed 

between sites. 

- Degeneration increased with age. 

- The lateral compartment was slightly more affected by DJC in rural populations 

than the medial compartment. Overall the urban populations were more affected 

by DJC in the lateral compartment. 

 

5.2.12. The	  Tibiofemoral	  Joint	  

The complete tibiofemoral joint is examined as for the elbow and patellofemoral 

joint and the focus will thus lie on determining the unicompartmental and 

bicompartmental distribution of degeneration. 

 A detailed overview of the preservation of the complete tibiofemoral 

joint is available in Table B.13. An interesting pattern that can be observed was that the 

levels of unicompartmental and bicompartmental degeneration were similar within the 

populations. The highest site specific TPRs for unicompartmental degeneration were 

present for Coach lane and for bicompartmental degeneration for Coronation Street 
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(Table 5.72). The combined TPR’s for unicompartmental and bicompartmental 

degeneration were higher in the urban sample (Table 5.73).  

 

	  	   Fewston	   BuH	   HD	   CL	   CS	  
	   N	   N	   N	   N	   N	  
	  	   L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  
No	  changes	   43	   45	   88	   86	   36	   35	   95	   109	   75	   73	  
Unicompartmental	   0	   0	   7	   7	   1	   2	   9	   8	   5	   2	  
Bicompartmental	   0	   0	   6	   6	   0	   0	   9	   9	   6	   11	  
Total	  Present	   43	   45	   101	   99	   37	   37	   113	   126	   86	   86	  
	   %	   %	   %	   %	   %	  
Site	  specific	  TPR	  %	  
unicompartmental	   0	   0	   6.9	   7.1	   2.7	   5.4	   8.0	   6.3	   5.8	   2.3	  

Site	  specific	  TPR	  %	  
bicompartmental	   0	   0	   5.9	   6.1	   0	   0	   8.0	   7.1	   7.0	   12.8	  

Table	  5.72	  Number	  of	  cases	  (N)	  of	  unicompartmental	  and	  bicompartmental	  degeneration	  and	  
percentages	  (%)	  for	  site	  specific	  TPRs	  for	  the	  tibiofemoral	  joint.	  
 

	  	   Rural	   Urban	  
	   N	   N	  
	  	   L	   R	   L	   R	  
No	  changes	   131	   131	   206	   217	  
Unicompartmental	   7	   7	   15	   12	  
Bicompartmental	   6	   6	   15	   20	  
Total	  Present	  Rural/Urban	   144	   144	   236	   249	  
	   %	   %	  
Combined	  TPR	  %	  unicompartmental	   4.9	   4.9	   6.4	   4.8	  
Combined	  TPR	  %	  bicompartmental	   4.2	   4.2	   6.4	   8.0	  
Table	  5.73	  Number	  of	  cases	  (N)	  of	  unicompartmental	  and	  bicompartmental	  degeneration	  and	  
percentages	  (%)	  for	  rural	  and	  urban	  TPRs	  for	  the	  tibiofemoral	  joint.	  
 

Only Coach Lane had statistically significant relationships between sex or age 

and unicompartmental/bicompartmental degeneration, but Cramer’s V tests found these 

relationships weak (Table 5.74). The statistically significant relationships in the urban 

sample were also weak (Table 5.75). 
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Fewston	   BuH	   HD	   CL	   CS	  

Se
x	   Left	   X	   X	   X	   9.476,	  p.036	  

(.189,	  p.113)	  
X	  

Right	   X	   X	   X	   X	   X	  

	  
Ag

e	   Left	   X	   X	   X	   13.582,	  p.012	  
(.263,	  p.013)	  

X	  

Right	   X	   X	   X	   X	   X	  
Table	  5.74	  Statistical	  significance	  of	  degeneration	  in	  the	  tibiofemoral	  joint	  with	  sex	  and	  age	  in	  the	  
separate	  sites.	  
  

	  
Rural	   Urban	  

Se
x	   Left	   X	   10.761,	  p.020	  	  

(.153,	  p.029)	  
Right	   X	   X	  

	  

Ag
e	  

Left	   X	   13.485,	  p.022	  	  
(.168,	  p.036)	  

Right	   X	   14.765,	  p.013	  	  
(.169,	  p.025)	  

Table	  5.75	  Statistical	  significance	  of	  degeneration	  in	  the	  tibiofemoral	  joint	  with	  sex	  and	  age	  in	  the	  
rural	  and	  urban	  sites.	  
 

There were no clear patterns in the distribution of degeneration between the 

sexes for the separate sites. There was no obvious pattern for sex distribution in the 

rural sample, but in the urban sample it was interesting that bicompartmental 

degeneration was equal between the sexes, whereas unicompartmental degeneration was 

more common in females (Figure 5.35). Age-related degeneration patterns followed the 

traditional distribution (Figure 5.36). The total sample analysis is available in Appendix 

C13. 
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Figure	  5.35	  Unicompartmental	  and	  bicompartmental	  degeneration	  compared	  with	  sex	  in	  the	  
tibiofemoral	  joint	  in	  the	  rural	  and	  urban	  sites.	  
 

 
Figure	  5.36	  Unicompartmental	  and	  bicompartmental	  degeneration	  compared	  with	  age	  in	  the	  
tibiofemoral	  joint	  in	  the	  rural	  and	  urban	  sites.	  
 

5.2.12.i. Main	  Findings	  for	  the	  Tibiofemoral	  Joint	  

- Preservation levels for the tibiofemoral joint were variable between the different 

sites. 

- Barton-upon-Humber and Coach Lane had similar levels of unilateral and 

bilateral degeneration in the left and right joints. In Coronation Street a higher 

number of cases of degeneration affected the right tibiofemoral joint bilaterally 

than unilaterally. 
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- There were differential patterns between the populations when relating sex to 

unilateral and bilateral degeneration. In general, males were more affected 

bilaterally than unilaterally, and females had more unilateral degeneration in the 

left tibiofemoral joint and had equal levels of unilateral and bilateral 

degeneration in the right tibiofemoral joint.  

- Degeneration increased with age. 

- The urban populations were more affected by DJC and OA than the rural 

population. 

 

 

5.3. General	  Overview	  of	  Patterns	  of	  Osteoarthritis	  and	  

DJC	  in	  the	  Rural	  and	  Urban	  Populations	  

This general overview will compare the different the joints from the rural and urban 

samples according to the combined TPRs, reported in the tables in section 5.2, in order 

to deduce which joints were most commonly affected. These data will also be analysed 

according to sex and age and for DJC and osteoarthritis. Individuals of unknown sex 

(included in section 5.2) did not show any distinctive patterns and are excluded from the 

section below for clarity.  

 For DJC in both the rural and urban joints the hip was most affected in the 

combined TPR’s, and the least affected joint was the lateral elbow. While some 

differences were present, the second, third and fourth places belonged to the 

temporomandibular, acromioclavicular and glenohumeral joints. The elbow joint, 

tibiofemoral and patellofemoral compartments were differentially affected between the 

sites and no clear patterns were observed (Table 5.76). 
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	   Rural	   Urban	  
	   Left	   Right	   Left	   Right	  
1	   Hip	   Hip	   Hip	   Hip	  
2	   Temporomandibular	   Temporomandibular	  	   Acromioclavicular	  	   Acromioclavicular	  	  

3	   Acromioclavicular	  	   Acromioclavicular	  	   Temporomandibular	  	   Temporomandibular	  	  

4	   Glenohumeral	   Glenohumeral	  	   Glenohumeral	  	   Glenohumeral	  	  

5	   Medial	  elbow	   Medial	  elbow	   Lateral	  
patellofemoral	  	   Medial	  tibiofemoral	  	  

6	   Medial	  
patellofemoral	  

Lateral	  
patellofemoral	  /	  

Lateral	  tibiofemoral	  	  
Lateral	  tibiofemoral	  	   Lateral	  tibiofemoral	  	  

7	   Medial	  tibiofemoral	   Medial	  
patellofemoral	  	  

Medial	  
patellofemoral	   Medial	  elbow	  

8	   Lateral	  tibiofemoral	  	   	   Medial	  elbow	   Medial	  
patellofemoral	  	  

9	   Lateral	  
patellofemoral	   Medial	  tibiofemoral	   Medial	  tibiofemoral	   Lateral	  

patellofemoral	  	  

10	   Lateral	  elbow	   Lateral	  elbow	   Lateral	  elbow	   Lateral	  elbow	  

Table	  5.76	  Classification	  of	  joints	  affected	  by	  DJC	  based	  on	  the	  combined	  TPRs	  for	  the	  rural	  and	  urban	  
sites	  (1=	  most	  affected	  –	  10=	  least	  affected).	  
 

The patterns for osteoarthritis not only differed from DJC their distribution, but 

also in the uniformity of degeneration. The lateral elbow joint was the most commonly 

affected joint by osteoarthritis in all the populations. However, after this there were no 

clear patterns to be observed in the distribution (Table 5.77). The following paragraphs 

explore the differences between the combined TPR’s of DJC and osteoarthritis, first 

between the sexes and then in the age categories. 

 

	   Rural	   Urban	  

	   Left	   Right	   Left	   Right	  
1	   Lateral	  elbow	   Lateral	  elbow	   Lateral	  elbow	   Lateral	  elbow	  

2	   Hip	   Lateral	  patellofemoral	  	   Medial	  tibiofemoral	  	   Acromioclavicular	  	  

3	   Lateral	  patellofemoral	  	   Hip	   Acromioclavicular	  
joint	  

Medial	  
patellofemoral	  /	  

Lateral	  patellofemoral	  	  

4	  

Glenohumeral	  	  
/Medial	  

patellofemoral	  
/Medial	  tibiofemoral	  	  

Acromioclavicular	  	   Hip	   Hip	  

5	   	  

Medial	  
patellofemoral	  

/Medial	  tibiofemoral	  	  
Lateral	  patellofemoral	  	   Medial	  elbow	  

6	   	   	  
Medial	  Elbow	  /Medial	  

patellofemoral	  
Glenohumeral	  	  

/Lateral	  tibiofemoral	  	  
Table	  5.77	  Classification	  of	  joints	  affected	  by	  osteoarthritis	  based	  on	  the	  combined	  TPRs	  for	  the	  rural	  
and	  urban	  sites	  (1=	  most	  affected	  –	  10=	  least	  affected).	  
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The left DJC TPRs for urban and rural males were similar and this was also the 

case for the females (Table 5.78). While in males the hip was most affected, in females 

the temporomandibular joint was most affected. In all the populations once again the 

lateral elbow had the lowest DJC (Figure 5.37). The similar distribution between rural 

and urban males and females, respectively, was an interesting pattern. 

 
	   LEFT	  DJC	  
	   Rural	  Male	   Urban	  Male	   Rural	  Female	   Urban	  Female	  

1	   Hip	   Hip	   Temporomandibular	  
joint	  

Temporomandibular	  
joint	  

2	   Acromioclavicular	   Acromioclavicular	  	   Hip	   Hip	  

3	   Temporomandibular	  	   Glenohumeral	  	   Acromioclavicular	  	   Acromioclavicular	  	  

4	   Glenohumeral	  	   Temporomandibular	  	   Medial	  patellofemoral	  
/	  Medial	  tibiofemoral	  	   Glenohumeral	  	  

5	   Medial	  elbow	   Medial	  elbow	   Medial	  elbow	  /	  
Lateral	  tibiofemoral	  	   Lateral	  tibiofemoral	  	  

6	   Medial	  patellofemoral	  	   Medial	  patellofemoral	  	   Glenohumeral	  joint	   Lateral	  patellofemoral	  

7	   Medial	  tibiofemoral	  	   Lateral	  patellofemoral	   	   Medial	  patellofemoral	  	  
/Medial	  tibiofemoral	  j	  

8	   Lateral	  tibiofemoral	  	   Lateral	  tibiofemoral	   Glenohumeral	  joint	   	  

9	   Lateral	  patellofemoral	  	   Medial	  tibiofemoral	  	   Lateral	  patellofemoral	  	   Lateral	  elbow	  

10	   Lateral	  elbow	   Lateral	  elbow	   Lateral	  elbow	   Medial	  elbow	  

Table	  5.78	  Classification	  of	  joints	  affected	  by	  left	  DJC	  based	  on	  the	  combined	  TPRs	  for	  the	  rural	  and	  
urban	  males	  and	  females	  (1=	  most	  affected	  –	  10=	  least	  affected).	  
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Figure	  5.37	  Distribution	  of	  DJC	  in	  the	  left	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  sex.	  
 

The TPRs for DJC in the right joints had a similar distribution to the left side. However 

on the right side rural and urban males were most affected in the acromioclavicular joint 

and then in the hip joint, and this was similar in the rural and urban sites. The rural and 

urban females were differentially affected by right DJC (Table 5.79). In all the 

populations and between the sexes the lateral elbow was least affected by DJC, with the 

exception of the urban males (Figure 5.38). 
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	   RIGHT	  DJC	  
	   Rural	  Male	   Urban	  Male	   Rural	  Female	   Urban	  Female	  

1	   Acromioclavicular	  	   Acromioclavicular	  	   Acromioclaviular	  	   Hip	  

2	   Hip	   Hip	   Temporomandibular	   Temporomandibular	  

3	   Glenohumeral	  	   Temporomandibular	  	   Hip	   Glenohumeral	  

4	   Temporomandibular	  	   Glenohumeral	  	   Glenohumeral	   Acromioclavicular	  

5	   Medial	  elbow	   Medial	  elbow	   Medial	  elbow	   Medial	  patellofemoral	  

6	   Lateral	  patellofemoral	  	   Medial	  tibiofemoral	  	   Medial	  tibiofemoral	  
Medial	  tibiofemoral	  /	  
Lateral	  tibiofemoral	  

7	   Lateral	  tibiofemoral	  	   Lateral	  tibiofemoral	  	   Medial	  patellofemoral	  
/	  Lateral	  tibiofemoral	  

	  

8	   Medial	  patellofemoral	  	   Lateral	  elbow	   	   Lateral	  patellofemoral	  

9	   Medial	  tibiofemoral	  	   Medial	  patellofemoral	  	   Lateral	  patellofemoral	   Medial	  elbow	  

10	   Lateral	  elbow	   Lateral	  patellofemoral	   Lateral	  elbow	   Lateral	  elbow	  

Table	  5.79	  Classification	  of	  joints	  affected	  by	  right	  DJC	  based	  on	  the	  combined	  TPRs	  for	  the	  rural	  and	  
urban	  males	  and	  females	  (1=	  most	  affected	  –	  10=	  least	  affected).	  
 

 
Figure	  5.38	  Distribution	  of	  DJC	  in	  the	  right	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  sex.	  
 

It was interesting to observe, for both the left and right joints affected by DJC in 

the rural and urban population, that the most commonly affected joints in the upper 

body were the acromioclavicular and temporomandibular joints, whereas the least 



 224 

affected joint was the lateral elbow. In the lower body the most commonly affected joint 

was the hip and the least affected joint differed between the populations. Another 

interesting feature were the similarities between male and female distribution of the 

degeneration.  

 There were few cases of osteoarthritis recorded in this research overall, but the 

patterns of degeneration between the sexes in the rural and urban samples differed when 

compared to the patterns observed for DJC (Figure 5.39 and Figure 5.40). Only the high 

levels of TPRs are reported, as many joints did not have evidence of osteoarthritis. 

While rural males had higher levels of left osteoarthritis than the urban males the 

patterns of degeneration were similar, with the lateral elbow and the hip most affected. 

Urban males also had more variation in the affected joints, whereas rural males were 

affected in a limited number of joints. Urban females only had left osteoarthritis in the 

patellofemoral and tibiofemoral joints, while rural females also had osteoarthritis in the 

latter joints; the levels were higher and rural females were also affected in the hip, 

lateral elbow and the glenohumeral joint (Figure 5.39). 

 

 
Figure	  5.39	  Distribution	  of	  osteoarthritis	  in	  the	  left	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  
sex.	  
 

There were more cases of osteoarthritis on the right side in both the sexes and in all 

the populations. Rural and urban males were most affected in the lateral elbow, but 

while urban males had more joint sites affected, the levels of osteoarthritis were lower 
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than in the rural males (Figure 5.40). Rural females were more affected in the right 

lateral patellofemoral joint, but urban females were more affected in the right lateral 

elbow. 

For osteoarthritis the most commonly affected joint in the upper body was the 

lateral elbow, whereas in the lower body this was the lateral patellofemoral or medial 

tibiofemoral compartment. In general it is possible to state that the rural populations 

were more affected by osteoarthritis, whereas DJC patterns were similar between the 

populations. Additionally, differential patterning between the sexes occurred more in 

osteoarthritis than in DJC. 

 

 
Figure	  5.40	  Distribution	  of	  osteoarthritis	  in	  the	  right	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  
sex.	  
 

 As was stated in the above section (5.2) both osteoarthritis and DJC increased 

with age, as was to be expected. The following tests whether different joints were more 

commonly affected in different age categories and whether this differs between the rural 

and urban samples. Combined TPRs were used for the tables and figures presented 

below. 

 Left DJC affected mainly the hip and temporomandibular joints in young adults 

of both populations. Middle and old adults were most affected in the hip, 

acromioclavicular and temporomandibular joints and this was similar in both 

populations (Table 5.80). It is interesting to observe that when dividing left DJC 
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between the age categories and population samples, that the rural population was more 

affected than the urban population (Figure 5.41). 

 
	   LEFT	  DJC	  
	   RURAL	   URBAN	  
	   Young	  adult	   Middle	  adult	   Old	  adult	   Young	  adult	   Middle	  adult	   Old	  adult	  
1	   TMJ	   AcrClav	   AcrClav	   Hip	   Hip	  /	  TMJ	   Hip	  
2	   Hip	   Hip	   Hip	   TMJ	   	   AcrClav	  
3	   AcrClav	   GlenHum	   GlenHum	   Medial	  elbow	   AcrClav	   TMJ	  

4	   Lateral	  
PatFem	  

TMJ	   TMJ	   AcrClav	   GlenHum	   Medial	  
TibFem	  

5	   Medial	  elbow	   Medial	  
TibFem	  

Medial	  elbow	  
GlenHum	  
/Medial	  
PatFem	  

Medial	  elbow	   Lateral	  
TibFem	  

6	   	  
Lateral	  
TibFem	  

Lateral	  
TibFem	   	  

Medial	  
PatFem	  
/Lateral	  
TibFem	  

Medial	  elbow	  

7	   	   Lateral	  
PatFem	  

Medial	  
PatFem	  

	   	   Medial	  
PatFem	  

8	   	   Medial	  elbow	   Lateral	  
PatFem	   	   Medial	  

TibFem	   GlenHum	  

9	   	  
Medial	  
PatFem	  

Medial	  
TibFem	   	   Lateral	  elbow	  

Lateral	  
PatFem	  

10	   	   	   Lateral	  elbow	   	  
Lateral	  
PatFem	   Lateral	  elbow	  

Table	  5.80	  	  Classification	  of	  joints	  affected	  by	  left	  DJC	  based	  on	  the	  combined	  TPRs	  for	  the	  rural	  and	  
urban	  sites	  divided	  between	  the	  age	  categories	  (1=	  most	  affected	  –	  10=	  least	  affected),	  (A	  list	  of	  the	  
abbreviations	  used	  for	  the	  joints	  is	  provided	  at	  the	  start	  of	  the	  appendix).	  
 

 
Figure	  5.41	  Distribution	  of	  DJC	  in	  the	  left	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  age.	  
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Right DJC mainly affected the temporomandibular joint in young adults from 

both rural and urban samples. Similar to the left side, middle and old adults were most 

affected in the hip, acromioclavicular and temporomandibular joints (Table 5.81). In 

general combined TPRs for right DJC were similar between the populations, unlike the 

difference in percentages that was observed on the left side (Figure 5.42).  

 
	   Right	  DJC	  
	   RURAL	   URBAN	  
	   Young	  adult	   Middle	  adult	   Old	  adult	   Young	  adult	   Middle	  adult	   Old	  adult	  

1	   TMJ	  /	  Medial	  
PatFem	   AcrClav	   Hip	   TMJ	   Hip	   AcrClav	  

2	   	   Hip	   TMJ	   Medial	  elbow	   AcrClav	   Hip	  

3	  

GlenHum/	  
Medial	  elbow	  

/	  Lateral	  
PatFem	  /	  
Medial	  
PatFem	  

TMJ	   GlenHum	   Hip	   TMJ	   TMJ	  

4	   	   GlenHum	   AcrClav	   AcrClav	   GlenHum	   GlenHum	  

5	   	  
Lateral	  
TibFem	   Medial	  elbow	  

Lateral	  
elbow/	  
Lateral	  
PatFem	  /	  
Lateral	  
TibFem	  

Medial	  
TibFem	  

Medial	  
TibFem	  /	  
Lateral	  
TibFem	  

6	   	   Medial	  elbow	   Lateral	  
PatFem	  

	  

Medial	  
PatFem	  /	  
Lateral	  
TibFem	  

	  

7	   Hip	  
Medial	  
TibFem	  

Medial	  
PatFem	   	   	   Medial	  elbow	  

8	   	  
Lateral	  
PatFem	  

Lateral	  
TibFem	   	   Medial	  elbow	  

Medial	  
PatFem	  

9	   	   Lateral	  elbow	   Medial	  
TibFem	  

	   Lateral	  
PatFem	  

Lateral	  
PatFem	  

10	   	   Medial	  
PatFem	  

	   	   Lateral	  elbow	   Lateral	  elbow	  

Table	  5.81	  Classification	  of	  joints	  affected	  by	  right	  DJC	  based	  on	  the	  combined	  TPRs	  for	  the	  rural	  and	  
urban	  sites	  divided	  between	  the	  age	  categories	  (1=	  most	  affected	  –	  10=	  least	  affected).	  
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Figure	  5.42	  Distribution	  of	  DJC	  in	  the	  right	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  age.	  

 

While there were similarities and differences observed in the sex and age 

distributions between the rural and urban samples for DJC, it was possible to conclude 

that patterns related to age appeared to be more consistent between the left and right 

sides than the patterns for sex. 

Due to the small prevalence rates for osteoarthritis, it was not easy to compare the 

populations between the age categories. On the left side, young adult rural individuals 

had osteoarthritis in the lateral elbow. Osteoarthritis in the left joints affected rural 

middle adults most in the lateral patellofemoral joint, and urban middle adults in the 

medial tibiofemoral joint. Rural old adults were most affected by osteoarthritis in the 

left hip, closely followed by the lateral elbow, and urban old adults had high levels in 

the lateral elbow (Figure 5.43).  
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Figure	  5.43	  Distribution	  of	  osteoarthritis	  in	  the	  left	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  
age.	  
 

Both rural and urban young adults were affected by osteoarthritis in the right 

joints, mainly in the lateral elbow, hip and medial elbow. Rural middle adults were most 

affected by osteoarthritis in the right lateral patellofemoral joint, whereas the urban 

middle adults were more affected in the acromioclavicular joint. Old adults in the rural 

sample had high levels of right lateral elbow osteoarthritis, whereas the levels in the 

urban sample were lower, and the most affected joints were the medial and lateral 

patellofemoral joints (Figure 5.44). 
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Figure	  5.44	  Distribution	  of	  osteoarthritis	  in	  the	  right	  joints	  in	  the	  rural	  and	  urban	  sites	  compared	  with	  
age.	  
 

It is thus possible to conclude that when dividing DJC and osteoarthritis frequencies 

between the age categories and the sexes, similar joints are affected in the rural and 

urban samples, but the distribution tends to be both age and sex specific.  

 

5.4. General	  Overview	  of	  Hands	  and	  Feet	  

Due to the small number of cases of DJC and osteoarthritis that were recorded for 

the hands and feet the following sections show the results for the combined rural or 

urban samples and for the total sample. Information on the presence of degeneration in 

the separate sites is presented in Appendix D and are quoted throughout the text.  

Within the following tables, ‘t’ stand for the total number of bones present in the either 

the rural or the urban sample and ‘T’ stands for the total number of bones present in the 

complete population. First, the carpal bones and the joints of the hand are discussed, 

which is then followed by the tarsal bones, and the joints of the foot. 

 

5.4.1. Carpal	  Bones	  
In this section the carpals are referred to as either the proximal carpals  

(scaphoid, lunate, trapezium and pisiform) or the distal carpals (trapezium, trapezoid, 

capitate and hamate). The levels of degeneration in the carpal bones were low in both 
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the rural and urban samples and thus it was not easy to deduce any patterns from the 

recorded cases (Table 5.82 and Table 5.83). Mainly middle and old adults were affected 

by DJC or osteoarthritis in the carpals, an age-related pattern expected with 

degenerative diseases. Due to the small numbers of cases in the samples it was not 

possible to attain significant results from the statistical testing. Tables with detailed 

information with regards to the distribution of cases between the sexes in the hands and 

feet can be found in Appendix D. 

 

Bone	  (Left)	   Site	  
TOTAL	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

Distal	  Radius	  
Rural	   109	  

297	  
1	   0.3	   1	   0.3	  

Urban	   188	   5	   1.7	   5	   1.7	  

Distal	  Ulna	  
Rural	   95	  

253	  
1	   0.4	   0	   0	  

Urban	   158	   4	   1.6	   3	   1.2	  

Scaphoid	  
Rural	   73	  

226	  
0	   0	   4	   1.8	  

Urban	   153	   4	   1.8	   7	   3.1	  

Lunate	  
Rural	   55	  

192	  
0	   0	   1	   0.5	  

Urban	   137	   6	   3.1	   1	   0.5	  

Triquetral	  
Rural	   33	  

137	  
1	   0.7	   3	   2.2	  

Urban	   104	   4	   2.9	   2	   1.5	  

Pisiform	  
Rural	   14	  

63	  
0	   0	   1	   1.6	  

Urban	   49	   1	   1.6	   2	   3.2	  

Trapezium	  
Rural	   38	  

147	  
0	   0	   4	   2.7	  

Urban	   109	   1	   0.7	   2	   1.4	  

Trapezoid	  
Rural	   41	  

143	  
0	   0	   1	   0.7	  

Urban	   102	   1	   0.7	   2	   1.4	  

Capitate	  
Rural	   69	  

223	  
0	   0	   1	   0.4	  

Urban	   154	   2	   0.9	   0	   0	  

Hamate	  
Rural	   57	  

200	  
0	   0	   0	   0	  

Urban	   143	   1	   0.5	   0	   0	  
Table	  5.82	  DJC	  and	  OA	  in	  the	  left	  carpals	  in	  the	  rural	  and	  urban	  samples.	  n=	  number	  of	  cases.	  TPR	  (%)	  
achieved	  by	  dividing	  n/T*100.	  
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Bone	  (Right)	   Site	  
TOTAL	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

Distal	  Radius	  
Rural	   106	  

295	  
1	   0.3	   5	   1.7	  

Urban	   189	   1	   0.3	   3	   1.0	  

Distal	  Ulna	  
Rural	   108	  

263	  
1	   0.4	   4	   1.5	  

Urban	   155	   3	   1.1	   3	   1.1	  

Scaphoid	  
Rural	   65	  

219	  
1	   0.5	   5	   2.3	  

Urban	   154	   1	   0.5	   2	   0.9	  

Lunate	  
Rural	   53	  

180	  
1	   0.6	   1	   0.6	  

Urban	   127	   3	   1.7	   0	   0	  

Triquetral	  
Rural	   39	  

145	  
1	   0.7	   0	   0	  

Urban	   106	   2	   1.4	   1	   0.7	  

Pisiform	  
Rural	   12	  

67	  
1	   1.5	   1	   1.5	  

Urban	   55	   1	   1.5	   2	   3.0	  

Trapezium	  
Rural	   49	  

169	  
2	   1.2	   4	   2.4	  

Urban	   120	   2	   1.2	   5	   3.0	  

Trapezoid	  
Rural	   41	  

148	  
1	   0.7	   1	   0.7	  

Urban	   107	   2	   1.4	   0	   0	  

Capitate	  
Rural	   81	  

236	  
0	   0	   2	   0.8	  

Urban	   155	   1	   0.4	   0	   0	  

Hamate	  
Rural	   64	  

205	  
1	   0.5	   0	   0	  

Urban	   141	   1	   0.5	   0	   0	  
Table	  5.83	  DJC	  and	  OA	  in	  the	  right	  carpals	  in	  the	  rural	  and	  urban	  samples.	  	  
 

In general, males appeared to be more affected by DJC in the carpal bones than 

females and this was the case for all the sites that were examined, and for both the left 

and right sides (Table D.1). DJC was less common in the distal carpals and most 

common in the distal articular surfaces of the radius and ulna, and the lunate and 

triquetral.  Osteoarthritis occurred most in the distal radius, distal ulna, scaphoid and 

trapezium. The distal radius, scaphoid and trapezium appeared to show similar levels of 

osteoarthritis between males and females, but distal ulna osteoarthritis was more 

common in males (Table D.2). In the different sites males were more affected in 

Fewston, Hanging Ditch, Coach Lane and Coronation Street, but osteoarthritis affected 

females more in Barton-upon-Humber. The hamate and capitate bones were rarely 

affected by either DJC or osteoarthritis, except when trauma had clearly occurred. 

When combining the populations into rural and urban sample different patterns 

emerged. In the urban populations the levels of DJC were slightly higher. Osteoarthritis 

in the left carpals was more common in rural and urban females, but urban males were 

mainly affected in the distal radius and scaphoid. Old adults had the highest levels of 

degeneration in both the urban and rural populations. In the right carpals DJC levels 

were higher in the rural sample than in the urban population. Osteoarthritis levels were 

equal between rural and urban populations.  There were three individuals with fused 

carpal bones not included in the analysis. 
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5.4.2. Metacarpal	  Bones	  

Prevalence of degeneration in the proximal ends of the metacarpals was 

similarly low compared to the carpal bones on the left or right sides (Table 5.84 and 

Table 5.85). The most affected bone on both the left and right sides, in the rural and 

urban populations, was the first metacarpal. These data could be ascribed to poor 

preservation but, when examining the totals (t and T), other metacarpal bones were 

better preserved than the first metacarpal. In Fewston and Hanging Ditch there were 

hardly any individuals affected, and thus they can be discarded from the analysis as no 

significant patterns were observed. In Barton-upon-Humber more female individuals 

were affected by DJC or osteoarthritis than males. In Coach Lane and Coronation Street 

this pattern was reversed, and more male individuals were affected by DJC or 

osteoarthritis (Table D.3 and Table D.4). There was a statistically significant 

relationship between sex and the presence of osteoarthritis in the rural (Barton-upon-

Humber) MC1 joint (10.008, p.022) and this relationship was of moderate strength 

(.429, p.011). The individuals who were affected belonged to the middle and old adult 

age categories, which was an expected pattern. No other statistically significant results 

were observed. 

 

Bone	  (Left)	   Site	  
TOTAL	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

MC1	  
Rural	   87	  

243	  
4	   1.6	   7	   2.9	  

Urban	   156	   8	   3.3	   6	   2.5	  

MC2	  
Rural	   117	  

296	  
1	   0.3	   0	   0	  

Urban	   179	   1	   0.3	   0	   0	  

MC3	  
Rural	   112	  

292	  
0	   0	   0	   0	  

Urban	   180	   0	   0	   0	   0	  

MC4	  
Rural	   98	  

262	  
0	   0	   0	   0	  

Urban	   164	   0	   0	   0	   0	  

MC5	  
Rural	   95	  

248	  
1	   0.4	   0	   0	  

Urban	   153	   0	   0	   0	   0	  
Table	  5.84	  DJC	  and	  OA	  in	  the	  left	  metacarpals	  in	  the	  rural	  and	  urban	  samples.	  
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Bone	  
(Right)	   Site	  

TOTAL	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

MC1	  
Rural	   91	  

234	  
3	   1.3	   8	   3.4	  

Urban	   143	   6	   2.6	   6	   2.6	  

MC2	  
Rural	   117	  

302	  
2	   0.7	   0	   0	  

Urban	   185	   2	   0.7	   0	   0	  

MC3	  
Rural	   109	  

302	  
0	   0	   0	   0	  

Urban	   193	   1	   0.3	   1	   0.3	  

MC4	  
Rural	   133	  

301	  
1	   0.3	   0	   0	  

Urban	   168	   1	   0.3	   1	   0.3	  

MC5	  
Rural	   88	  

194	  
1	   0.5	   0	   0	  

Urban	   106	   1	   0.5	   0	   0	  
Table	  5.85	  DJC	  and	  OA	  in	  the	  right	  metacarpals	  in	  the	  rural	  and	  urban	  samples.	  	  
 

5.4.3. Hand	  Phalanges	  
In this section three joints are discussed, the metacarpophalangeal joint (A), the 

proximal interphalangeal joint (B) and the distal interphalangeal joint (C), the results of 

which are shown in Table 5.86 and Table 5.87. Further information on the distribution 

of degeneration for each separate site compared with sex is available in Table D.5-10.  

 Out of the five metacarpophalangeal joints (MCP) in each hand, the first joint 

was most commonly affected by DJC, followed by the third and second MCP joints. 

The fourth and fifth MCP joints had low levels of DJC and do not contribute to any 

patterns. In all of the joints middle and old adults were most commonly affected, 

indicating an association with age. In the urban populations, the first MCP had a 

statistically significant relationship between age and DJC (11.656, p.007), but the 

relationship was weak according to a Cramer’s V test (.242, p.003). There were no 

remarkable differences in the distribution of DJC between the sexes, but one population 

did stand out. In Coach Lane, males were more commonly affected by DJC than 

females, especially in the right first MCP joint (Table D.5 and Table D.6).  

Osteoarthritis was more frequent in the left first MCP and the right first and 

second MCP joints. In Barton-upon-Humber females were more affected by 

osteoarthritis, especially in the second and third right MCP joints. In Coach Lane and 

Coronation Street males were more affected, but this was restricted to the first MCP 

joint on the left and right sides (Table D.5 and Table D.6). The previous patterns 

corresponded to those in the proximal metacarpals. The totals of affected MCP joints in 

the hands were also interesting. For DJC only one joint tended to be affected of the five 

potential MCP joints, with slightly more left sided (38) joints than right sided (35) joints 

affected; this pattern was more pronounced when examining individuals with two MCP 

joints affected in the left (10) or the right (6) hand. For osteoarthritis this pattern was 
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reversed and the right-sided (15) MCP joints were more commonly affected than the 

left-sided (6), especially when only one joint was affected. There were no patterns 

observed for sex-preference when multiple joints in one hand were affected. 

 

Bone	  
(Left)	   Site	  

Total	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

1A	  
Rural	   10	  

285	  
13	   4.6	   0	   0	  

Urban	   184	   30	   10.5	   6	   2.1	  

1C	  
Rural	   71	  

225	  
7	   3.1	   1	   0.4	  

Urban	   154	   21	   9.3	   6	   2.7	  

2A	  
Rural	   116	  

282	  
2	   0.7	   1	   0.4	  

Urban	   166	   7	   2.5	   0	   0	  

2B	  
Rural	   82	  

247	  
4	   1.6	   2	   0.8	  

Urban	   165	   11	   4.5	   1	   0.4	  

2C	  
Rural	   44	  

145	  
1	   0.7	   4	   2.8	  

Urban	   101	   7	   4.8	   1	   0.7	  

3A	  
Rural	   118	  

305	  
2	   0.7	   2	   0.7	  

Urban	   187	   10	   3.3	   1	   0.3	  

3B	  
Rural	   107	  

284	  
3	   1.1	   4	   1.4	  

Urban	   177	   14	   4.9	   1	   0.4	  

3C	  
Rural	   72	  

216	  
4	   1.9	   2	   0.9	  

Urban	   144	   16	   7.4	   1	   0.5	  

4A	  
Rural	   105	  

268	  
0	   0	   1	   0.4	  

Urban	   163	   3	   1.1	   1	   0.4	  

4B	  
Rural	   94	  

259	  
1	   0.4	   1	   0.4	  

Urban	   165	   9	   3.5	   1	   0.4	  

4C	  
Rural	   53	  

170	  
2	   1.2	   2	   1.2	  

Urban	   117	   9	   5.3	   0	   0	  

5A	  
Rural	   104	  

257	  
1	   0.4	   1	   0.4	  

Urban	   153	   1	   0.4	   1	   0.4	  

5B	  
Rural	   82	  

233	  
3	   1.3	   3	   1.3	  

Urban	   151	   7	   3.0	   1	   0.4	  

5C	  
Rural	   37	  

137	  
1	   0.7	   1	   0.7	  

Urban	   100	   6	   4.4	   0	   0	  
Table	  5.86	  DJC	  and	  OA	  in	  the	  left	  hand	  phalanges	  in	  the	  rural	  and	  urban	  samples.	  	  
 

In the four proximal interphalangeal joints (PIP), once again middle and old 

adults were more commonly affected by both DJC and osteoarthritis. There were two 

statistically significant relationships correlated with age for the PIP joints; the left 2B 

joint and the right 5B joint (p < .05), but these relationships were weak. The third PIP 

joint was most commonly affected by DJC in all the populations, but osteoarthritis rates 

were similar between the four PIP joints. DJC was more common in the Coach Lane 

and Coronation Street populations, whereas osteoarthritis occurred more in Barton-
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upon-Humber. Osteoarthritis affected females more in the PIP joints and DJC levels 

tended to be slightly higher in males (Table D.7 and Table D.8). The involvement of 

multiple PIP joints in osteoarthritis was not common in any of the populations, but it did 

occur more often for DJC especially in Coronation Street and Coach Lane. There were 

no patterns that correlate with sex or age to be observed in multiple PIP involvement. 

 

Bone	  
(Right)	   Site	  

Total	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

1A	  
Rural	   94	  

271	  
12	   4.4	   1	   0.4	  

Urban	   177	   23	   8.5	   5	   1.8	  

1C	  
Rural	   66	  

222	  
2	   0.9	   4	   1.8	  

Urban	   156	   14	   6.3	   6	   2.7	  

2A	  
Rural	   110	  

286	  
2	   0.7	   4	   1.4	  

Urban	   176	   8	   2.8	   5	   1.7	  

2B	  
Rural	   80	  

238	  
0	   0	   4	   1.7	  

Urban	   158	   11	   4.6	   0	   0	  

2C	  
Rural	   35	  

137	  
3	   2.2	   1	   0.7	  

Urban	   102	   7	   5.1	   1	   0.7	  

3A	  
Rural	   110	  

296	  
1	   0.3	   3	   1.0	  

Urban	   186	   5	   1.7	   1	   0.3	  

3B	  
Rural	   93	  

270	  
4	   1.5	   4	   1.5	  

Urban	   177	   16	   5.9	   0	   0	  

3C	  
Rural	   58	  

202	  
2	   1.0	   4	   2.0	  

Urban	   144	   14	   6.9	   3	   1.5	  

4A	  
Rural	   97	  

263	  
0	   0	   0	   0	  

Urban	   166	   5	   1.9	   0	   0	  

4B	  
Rural	   89	  

249	  
0	   0	   3	   1.2	  

Urban	   160	   12	   4.8	   1	   0.4	  

4C	  
Rural	   44	  

170	  
0	   0	   3	   1.8	  

Urban	   126	   10	   5.9	   2	   1.2	  

5A	  
Rural	   83	  

228	  
0	   0	   0	   0	  

Urban	   145	   2	   0.9	   0	   0	  

5B	  
Rural	   66	  

214	  
0	   0	   2	   0.9	  

Urban	   148	   14	   6.5	   0	   0	  

5C	  
Rural	   27	  

131	  
0	   0	   2	   1.5	  

Urban	   104	   12	   9.2	   2	   1.5	  
Table	  5.87	  DJC	  and	  OA	  in	  the	  right	  hand	  phalanges	  in	  the	  rural	  and	  urban	  samples.	  
 

The identification of patterns in the five distal interphalangeal joints (DIP) was 

hampered by the low preservation levels, which meant that the numbers may not be 

representative. In general the first and third DIP joints ware most affected by DJC and 

osteoarthritis in all of the populations. In general males were more affected by both DJC 

and osteoarthritis in Coach Lane and Coronation Street, whereas females were more 
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affected by both DJC and osteoarthritis in Barton-upon-Humber (Table D.9 and Table 

D.10). Multiple DIP joint involvement was uncommon for osteoarthritis and DJC and 

no patterns were present.  

 

5.4.4. Tarsal	  Bones	  
The presence of degeneration in the ankle and tarsal bones was low in all the 

sites, yet there were slightly more cases in the urban population sample, which was 

mainly due to the data from Coach Lane (Table 5.88 and Table 5.89). Due to the small 

number of cases recorded for the tarsals, no statistically significant relationships were 

found. Osteoarthritis was especially low, and in the right tarsals no cases of 

osteoarthritis were recorded. It appears that most of the cases of osteoarthritis and DJC 

occurred in Coach Lane, where more men were affected than women (Table D.11 and 

Table D.12). Mainly middle and old adults were affected by degeneration.  

 

Bone	  (Left)	   Site	  
Total	   DJC	   OA	  

t	   T	   n	   %	   n	   %	  

Distal	  Tibia	  
Rural	   126	  

330	  
2	   0.6	   1	   0.3	  

Urban	   204	   1	   0.3	   2	   0.6	  
Distal	  
Fibula	  

Rural	   99	  
256	  

1	   0.4	   0	   0	  
Urban	   157	   2	   0.8	   0	   0	  

Talus	  
Rural	   129	  

346	  
2	   0.6	   0	   0	  

Urban	   217	   6	   1.7	   1	   0.3	  

Calcaneus	  
Rural	   127	  

337	  
1	   0.3	   0	   0	  

Urban	   210	   5	   1.5	   0	   0	  

Navicular	  
Rural	   91	  

268	  
0	   0	   0	   0	  

Urban	   177	   5	   1.9	   0	   0	  

Cuboid	  
Rural	   90	  

259	  
0	   0	   0	   0	  

Urban	   169	   5	   1.9	   0	   0	  
1st	  

Cuneiform	  
Rural	   84	  

258	  
1	   0.4	   0	   0	  

Urban	   174	   3	   1.2	   0	   0	  
2nd	  

Cuneiform	  
Rural	   48	  

182	  
0	   0	   0	   0	  

Urban	   134	   1	   0.5	   0	   0	  
3rd	  

Cuneiform	  
Rural	   66	  

215	  
0	   0	   0	   0	  

Urban	   149	   3	   1.4	   0	   0	  
Table	  5.88	  DJC	  and	  OA	  in	  the	  left	  tarsal	  bones	  in	  the	  rural	  and	  urban	  samples.	  	  
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Bone	  (Right)	   Site	  
Total	   DJC	   OA	  

t	   T	   n	   %	   n	   %	  

Distal	  Tibia	  
Rural	   129	  

325	  
0	   0	   0	   0	  

Urban	   196	   2	   0.6	   0	   0	  

Distal	  Fibula	  
Rural	   113	  

276	  
0	   0	   0	   0	  

Urban	   163	   0	   0	   0	   0	  

Talus	  
Rural	   133	  

337	  
2	   0.6	   1	   0.3	  

Urban	   204	   2	   0.6	   0	   0	  

Calcaneus	  
Rural	   138	  

338	  
1	   0.3	   0	   0	  

Urban	   200	   3	   0.9	   0	   0	  

Navicular	  
Rural	   89	  

260	  
1	   0.4	   0	   0	  

Urban	   171	   4	   1.5	   0	   0	  

Cuboid	  
Rural	   96	  

259	  
0	   0	   0	   0	  

Urban	   163	   2	   0.8	   0	   0	  

1st	  Cuneiform	  
Rural	   84	  

246	  
0	   0	   0	   0	  

Urban	   162	   3	   1.2	   0	   0	  

2nd	  Cuneiform	  
Rural	   56	  

204	  
0	   0	   0	   0	  

Urban	   148	   2	   1.0	   0	   0	  

3rd	  Cuneiform	  
Rural	   64	  

217	  
0	   0	   0	   0	  

Urban	   153	   4	   1.8	   0	   0	  
Table	  5.89	  DJC	  and	  OA	  in	  the	  right	  tarsal	  bones	  in	  the	  rural	  and	  urban	  samples.	  	  
 

 

5.4.5. Metatarsal	  Bones	  

Degenerative changes in the proximal metatarsal bones were uncommon (Table 

5.90 and Table 5.91). There were no statistically significant relationships between sex 

or age and the presence of degeneration in the proximal metatarsals in either the rural or 

the urban population samples, and this did not change when the population samples 

were combined. Like in the tarsals, most of the cases occurred in Coach Lane and in 

general males were more affected by degeneration (Table D.13 and Table D.14).  

Bone	  (Left)	   Site	  
Total	   DJC	   OA	  

t	   T	   n	   %	   n	   %	  

MT1	  
Rural	   103	  

293	  
1	   0.3	   0	   0	  

Urban	   190	   1	   0.3	   0	   0	  

MT2	  
Rural	   95	  

280	  
0	   0.0	   0	   0	  

Urban	   185	   1	   0.4	   1	   0.4	  

MT3	  
Rural	   99	  

287	  
0	   0.0	   0	   0	  

Urban	   188	   2	   0.7	   0	   0	  

MT4	  
Rural	   100	  

278	  
0	   0.0	   0	   0	  

Urban	   178	   1	   0.4	   1	   0.4	  

MT5	  
Rural	   95	  

268	  
1	   0.4	   0	   0.0	  

Urban	   173	   0	   0	   0	   0.0	  
Table	  5.90	  DJC	  and	  OA	  in	  the	  left	  proximal	  metatarsals	  in	  the	  rural	  and	  urban	  samples.	  
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Bone	  (Right)	   Site	  
Total	   DJC	   OA	  

t	   T	   n	   %	   n	   %	  

MT1	  
Rural	   100	  

280	  
0	   0	   0	   0	  

Urban	   180	   2	   0.7	   1	   0.4	  

MT2	  
Rural	   100	  

273	  
0	   0	   0	   0	  

Urban	   173	   2	   0.7	   1	   0.4	  

MT3	  
Rural	   100	  

273	  
0	   0	   0	   0	  

Urban	   173	   2	   0.7	   1	   0.4	  

MT4	  
Rural	   100	  

271	  
1	   0.4	   1	   0.4	  

Urban	   171	   2	   0.7	   0	   0	  

MT5	  
Rural	   102	  

271	  
0	   0	   0	   0	  

Urban	   169	   0	   0	   0	   0	  
Table	  5.91	  DJC	  and	  OA	  in	  the	  right	  proximal	  metatarsals	  in	  the	  rural	  and	  urban	  samples.	  
 

 

5.4.6. Foot	  Phalanges	  
The metatarsophalangeal (MTP) joints of the feet were not commonly affected 

by degeneration. The first MTP joint was most commonly affected by DJC and 

osteoarthritis. Osteoarthritis was not common and occurred most in males in Coach 

Lane and Coronation Street (Table D.15 and Table D.16). DJC affected mostly males in 

the Coach Lane population, whereas slightly more females were affected by DJC in 

Barton-upon-Humber and Coronation Street. It appeared thus that the urban population 

sample was more affected by degeneration than the rural sample (Table 5.92 and Table 

5.93). In general, middle and old adults were most commonly affected.  
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Bone	  
(Left)	   Site	  

Total	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

1A	  
Rural	   98	  

288	  
8	   2.8	   2	   0.7	  

Urban	   190	   31	   10.8	   10	   3.5	  

1C	  
Rural	   61	  

207	  
2	   1.0	   0	   0	  

Urban	   146	   16	   7.7	   1	   0.5	  

2A	  
Rural	   84	  

244	  
1	   0.4	   0	   0	  

Urban	   160	   4	   1.6	   0	   0	  

2B	  
Rural	   50	  

180	  
0	   0	   0	   0	  

Urban	   130	   3	   1.7	   0	   0	  

2C	  
Rural	   8	  

57	  
0	   0	   1	   1.8	  

Urban	   49	   0	   0	   0	   0	  

3A	  
Rural	   70	  

219	  
0	   0	   0	   0	  

Urban	   149	   2	   0.9	   0	   0	  

3B	  
Rural	   39	  

148	  
0	   0	   0	   0	  

Urban	   109	   0	   0	   0	   0	  

3C	  
Rural	   5	  

25	  
0	   0	   0	   0	  

Urban	   20	   0	   0	   0	   0	  

4A	  
Rural	   59	  

195	  
0	   0	   0	   0	  

Urban	   136	   2	   1.0	   0	   0	  

4B	  
Rural	   30	  

122	  
0	   0	   0	   0	  

Urban	   92	   2	   1.6	   0	   0	  

4C	  
Rural	   2	  

12	  
0	   0	   0	   0	  

Urban	   10	   2	   16.7	   0	   0	  

5A	  
Rural	   52	  

174	  
0	   0	   0	   0	  

Urban	   122	   0	   0	   0	   0	  

5B	  
Rural	   9	  

75	  
0	   0	   0	   0	  

Urban	   66	   0	   0	   0	   0	  

5C	  
Rural	   1	  

7	  
0	   0	   0	   0	  

Urban	   6	   2	   28.6	   0	   0	  
Table	  5.92	  DJC	  and	  OA	  in	  the	  left	  foot	  phalanges	  in	  the	  rural	  and	  urban	  samples	  (A=	  
metacarpophalangeal	  joints;	  B=	  proximal	  interphalangeal	  joints;	  C=	  distal	  interphalangeal	  joints).	  
 

The proximal interphalangeal (PIP) joints of the feet were very rarely affected 

by degeneration (Table 5.92 and Table 5.93). No cases of osteoarthritis were recorded, 

and only in the left PIP joints in Coach Lane and Coronation Street were cases of DJC 

recorded, all in male individuals (Table D.17 and D.18). Middle and old adults were 

most affected, but due to the small number of cases, no statistical testing could be 

performed. Urban samples were more affected than the rural samples. 
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Bone	  
(Right)	   Site	  

Total	   DJC	   OA	  
t	   T	   n	   %	   n	   %	  

1A	  
Rural	   94	  

278	  
3	   1.1	   1	   0.4	  

Urban	   184	   25	   9.0	   12	   4.3	  

1C	  
Rural	   65	  

211	  
2	   0.9	   0	   0	  

Urban	   146	   14	   6.6	   1	   0.5	  

2A	  
Rural	   82	  

242	  
0	   0	   0	   0	  

Urban	   160	   1	   0.4	   0	   0	  

2B	  
Rural	   48	  

173	  
0	   0	   0	   0	  

Urban	   125	   0	   0	   0	   0	  

2C	  
Rural	   10	  

47	  
1	   2.1	   0	   0	  

Urban	   37	   3	   6.4	   0	   0	  

3A	  
Rural	   73	  

214	  
0	   0	   0	   0	  

Urban	   141	   0	   0	   0	   0	  

3B	  
Rural	   36	  

149	  
0	   0	   0	   0	  

Urban	   113	   1	   0.7	   0	   0	  

3C	  
Rural	   4	  

26	  
1	   3.8	   0	   0	  

Urban	   22	   0	   0	   0	   0	  

4A	  
Rural	   63	  

194	  
0	   0	   0	   0	  

Urban	   131	   1	   0.5	   0	   0	  

4B	  
Rural	   24	  

122	  
0	   0	   0	   0	  

Urban	   98	   0	   0	   0	   0	  

4C	  
Rural	   2	  

19	  
0	   0	   0	   0	  

Urban	   17	   1	   5.3	   0	   0	  

5A	  
Rural	   52	  

181	  
0	   0	   0	   0	  

Urban	   129	   0	   0	   0	   0	  

5B	  
Rural	   12	  

81	  
0	   0	   0	   0	  

Urban	   69	   0	   0	   0	   0	  

5C	  
Rural	   1	  

7	  
0	   0	   0	   0	  

Urban	   6	   2	   28.6	   1	   14.3	  
Table	  5.93	  DJC	  and	  OA	  in	  the	  right	  foot	  phalanges	  in	  the	  rural	  and	  urban	  samples	  	  (A=	  
metacarpophalangeal	  joints;	  B=	  proximal	  interphalangeal	  joints;	  C=	  distal	  interphalangeal	  joints).	  	  
 

The distal interphalangeal (DIP) joints of the feet were also not commonly affected 

by degeneration. Once again Coach Lane had the most cases. The left first DIP joint 

was most commonly affected by DJC. There was hardly any osteoarthritis cases and 

thus no patterns could be discerned (Table 5.81 and Table 5.82). In the left first DIP 

joint in Coach Lane females were more affected, whereas the same joint in the same 

population the right side was more affected in males (Table D.19 and Table D.20). 

Mainly middle to old adults were affected, as expected. 
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5.4.7. Summary	  of	  Key	  Findings	  for	  the	  Hands	  and	  Feet	  

- An increase of DJC and osteoarthritis with age was observed in the hands and 

feet. 

- DJC and osteoarthritis in the carpals occurred most in the distal radius, distal 

ulna, scaphoid and trapezium. 

- On the left side urban populations had more degeneration in the carpals and on 

the right side rural populations were more affected. 

- When examining the separate sites, males were generally more affected than 

females in the carpals, but when combining the sample into rural and urban 

samples osteoarthritis occurred more in females. 

- In the proximal metacarpals the first MC was most affected. Females were more 

affected by degeneration in Barton-upon-Humber and males were more affected 

in Coach Lane and Coronation Street. 

- The first MCP joint of the hand was most commonly affected followed by the 

third and the second MCP joints. Females were more affected in Barton-upon-

Humber and males were more affected in Coach Lane and Coronation Street. 

- The third PIP of the hand was most affected by DJC, and osteoarthritis had 

similar levels in all four PIP joints. In general osteoarthritis occurred more in 

females, whereas males were more affected by DJC. 

- The first and third DIP joints of the hand were most affected by DJC and 

osteoarthritis. Females had more DJC and osteoarthritis in Barton-upon-Humber, 

whereas males had more DJC and osteoarthritis in Coach Lane and Coronation 

Street. 

- The highest levels of tarsal degeneration were found in Coach Lane, where 

males were most affected. 

- In the proximal metatarsals there were no patterns present. Once again Coach 

Lane was most affected with mainly males. 

- The first MTP joint was most commonly affected. Urban populations had higher 

levels of MTP joint degeneration. Osteoarthritis affected males more, whereas 

DJC more commonly affected females. 

- No patterns were observed for the PIP joints of the foot. 

- While the first DIP joint of the foot was most commonly affected, there were no 

other patterns to be observed from these joints. 
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5.5. The	  Anatomical	  Distribution	  of	  Degenerative	  

Pathological	  Features	  within	  the	  Bones	  of	  the	  Joints	  

The following section focuses on the distribution of pathological lesions within 

the bones of the joints. It will examine which bones are more likely to be affected by 

degenerative lesions within a joint compartment. For these calculations the set of 

diagnostic criteria used in the previous sections is not used because, for the anatomical 

distribution, no diagnosis of osteoarthritis or DJC is made. Rather, when a type of 

change affects a bone (eburnation or porosity or osteophytes or joint contour changes), 

then the bone is included in the count of the affected bones. This section focuses on the 

following five major joints: the glenohumeral joint, the elbow joint, the hip joint and the 

patellofemoral and tibiofemoral joints.  

 

5.5.1. The	  Glenohumeral	  Joint	  

  The results of this study indicate that the glenoid fossa was consistently more 

affected by degeneration than the head of the humerus (Figure 5.45). For most sites, the 

number of glenoid fossae with degenerative changes present was more than double the 

number of affected humeral heads. The fact that this pattern was present in the separate 

sites indicated that this will remain when the samples are combined in the rural and 

urban populations, and when they are divided between the sex and age categories 

(Figure 5.46 and Figure	  5.47). Thus the most important note here was that, regardless of 

age or sex or geographical location, the glenoid fossa was always more affected by 

lesions than the head of the humerus. 
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Figure	  5.45	  The	  distribution	  of	  changes	  in	  the	  glenoid	  fossa	  and	  the	  head	  of	  the	  humerus	  for	  all	  the	  
sites	  (numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
 

 
Figure	  5.46	  The	  distribution	  of	  changes	  in	  the	  glenoid	  fossa	  and	  the	  head	  of	  the	  humerus	  for	  the	  rural	  
and	  urban	  sites	  compared	  with	  sex.	  
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Figure	  5.47	  The	  distribution	  of	  changes	  in	  the	  glenoid	  fossa	  and	  the	  head	  of	  the	  humerus	  for	  
the	  rural	  and	  urban	  sites	  compared	  with	  age.	  
 

It was interesting to note that within the urban sites there were no statistically 

significant relationships between sex and the individual bones (Table 5.94). In the rural 

sites it was Barton-upon-Humber that reached statistical significance with sex in the left 

and right glenoid fossae, with a moderate strength of the relationships (Table 5.94). 

Despite these varying results, the distribution of lesions followed the above-described 

pattern in the sex categories across the separate sites, the rural and urban distribution, 

and the total sample. 

 
	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	  Glenoid	  
Fossa	  

X	   9.399,	  p.005	  
(.339,	  p.008)	  

X	   X	   X	  

Right	  
Glenoid	  
Fossa	  

X	  
9.385,	  p.006	  
(.324,	  p.007)	   X	   X	   X	  

Left	  Head	  
Humerus	   X	   X	   X	   X	   X	  

Right	  Head	  
Humerus	   X	   X	   X	   X	   X	  

	  

Ag
e	  

Left	  Glenoid	  
Fossa	  

X	   X	   X	   24.978,	  p.000	  
(.473,	  p.000)	  

20.918,	  p.000	  
(.517,	  p.000)	  

Right	  Glenoid	  
Fossa	  

X	   X	   7.365,	  p.040	  
(.339,	  p.000)	  

17.029,	  p.001	  
(.397,	  p.001)	  

22.623,	  p.000	  
(.522,	  p.000)	  

Left	  Head	  
Humerus	  

X	   X	   X	   10.322,	  p.011	  
(.305,	  p.020)	  

8.830,	  p.024	  
(.335,	  p.034)	  

Right	  Head	  
Humerus	  

6.355,	  p.031	  
(.442,	  p.023)	   X	   X	  

17.455,	  p.000	  
(.386,	  p.001)	   X	  

Table	  5.94	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  glenohumeral	  joint	  compared	  with	  sex	  
or	  age	  in	  the	  separate	  sites.	  
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5.5.2. The	  Hip	  Joint	  
As with the glenohumeral joint, the stable part of the hip joint, the acetabulum, 

was more affected by degeneration than the mobile part (Figure 5.48). For example, in 

Barton-upon-Humber and Coach Lane the acetabulum was three times more affected by 

changes than the head of the femur. This pattern was also pronounced at the other sites, 

it remained when the total rural and urban samples were examined, and was present in 

the sex and age categories (Figure 5.49 and Figure 5.50). 

 

 
Figure	  5.48	  The	  distribution	  of	  changes	  in	  the	  acetabulum	  and	  the	  head	  of	  the	  femur	  for	  all	  the	  sites	  
(numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
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Figure	  5.49	  The	  distribution	  of	  changes	  in	  the	  acetabulum	  and	  the	  head	  of	  the	  femur	  for	  all	  the	  sites	  
compared	  with	  sex.	  
 

 
Figure	  5.50	  The	  distribution	  of	  changes	  in	  the	  acetabulum	  and	  the	  head	  of	  the	  femur	  for	  all	  the	  sites	  
compared	  with	  age	  
 

 A statistically significant relationship between sex and the anatomical location 

of lesions was only present for the left acetabulum in Barton-upon-Humber. Age-related 

statistical significance was more common and occurred most in the urban populations 

(Table 5.95). 
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	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	  
Acetabulum	   X	  

9.453,	  p.005	  
(.313,	  p.004)	   X	   X	   X	  

Right	  
Acetabulum	   X	   X	   X	   X	   X	  

Left	  Head	  
Femur	  

X	   X	   X	   X	   X	  

Right	  Head	  
Femur	  

X	   X	   X	   X	   X	  

	  

Ag
e	  

Left	  
Acetabulum	   X	   X	  

12.722,	  p.002	  
(.547,	  p.002)	  

12.524,	  p.005	  
(.333,	  p.005)	  

14.747,	  p.002	  
(.417,	  p.001)	  

Right	  
Acetabulum	  

16.048,	  p.003	  
(.414,	  p.003)	   X	   X	  

19.951,	  p.000	  
(.413,	  p.000)	  

10.011,	  p.016	  
(.342,	  p.018)	  

Left	  Head	  
Femur	   X	   X	   X	   X	  

9.413,	  p.021	  
(.328,	  p.029)	  

Right	  Head	  
Femur	  

X	   X	   X	   8.331,	  p.036	  
(.257,	  p.047)	  

X	  

Table	  5.95	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  hip	  joint	  compared	  with	  sex	  or	  age	  in	  
the	  separate	  sites.	  
	  

It was thus possible to conclude that for both ball-and-socket joints degenerative 

lesions more commonly occurred in the stable part of the joint than in the mobile 

element. This pattern was present regardless of sex, age or geographical location. 

 

5.5.3. The	  Elbow	  Joint	  
The elbow joint was subdivided into medial and lateral compartments. The 

proximal radioulnar joint was not analysed for this research, which focused instead on 

the distal humerus and the proximal ulna and radius where most of the hinge-actions 

take place. 

 

5.5.3.i. The	  Medial	  Elbow	  Joint	  

In the medial elbow joint three joint surfaces were examined, the trochlea and 

olecranon fossa on the humerus and the head of the ulna. For this analysis the choice 

was made to combine the scores of the two joint surfaces within the humerus (the 

trochlea and the olecranon fossa). This meant that when either or both joint surfaces had 

changes present, a score of 1 (changes present) was assigned to the medial humerus. 

Only changes that were present on the joint surface of the head of the ulna were counted 

as a degenerative change (entheseal changes to the head of the ulna were not part of this 

research). It was clear when looking at the distribution between the joint surfaces that 

the head of the ulna was more commonly affected by degeneration than the medial 

humerus, and that this was consistent across all of the sites, except for the left medial 

elbow in the Hanging Ditch population sample (Figure 5.51). Statistically significant 



 249 

relationships between sex or age and the anatomical distribution of lesions were not 

common, except for Coronation Street (Table 5.96). The pattern can be observed 

regardless of sex, age or geographical location (Figure 5.52 and Figure 5.53). 

 

 
Figure	  5.51	  The	  distribution	  of	  changes	  in	  the	  medial	  humerus	  and	  the	  head	  of	  the	  ulna	  for	  all	  the	  
sites	  (numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
 
	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	  distal	  
humerus	  

X	   X	   X	   X	   12.187,	  p.002	  
(.437,	  p.001)	  

Right	  distal	  
humerus	  

X	   X	   X	   X	   X	  

Left	  Head	  
ulna	   X	   X	   X	   X	  

25.833,	  p.000	  
(.569,	  p.000)	  

Right	  Head	  
ulna	   X	   X	   X	   X	   X	  

	  

Ag
e	  

Left	  distal	  
humerus	  

X	   X	   X	   X	   7.836,	  p.033	  
(.338,	  p.039)	  

Right	  distal	  
humerus	  

X	   X	   X	   X	   X	  

Left	  Head	  
ulna	  

X	   X	   X	   16.513,	  p.001	  
(.370,	  p.001)	  

X	  

Right	  Head	  
ulna	  

11.196,	  p.003	  
(.545,	  p.004)	   X	   X	  

7.796,	  p.046	  
(.236,	  p.081)	   X	  

Table	  5.96	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  medial	  elbow	  joint	  compared	  with	  sex	  
or	  age	  in	  the	  separate	  sites.	  
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Figure	  5.52	  The	  distribution	  of	  changes	  in	  the	  medial	  humerus	  and	  the	  head	  of	  the	  ulna	  for	  all	  the	  
sites	  compared	  with	  sex.	  
 

 
Figure	  5.53	  The	  distribution	  of	  changes	  in	  the	  medial	  humerus	  and	  the	  head	  of	  the	  ulna	  for	  all	  the	  
sites	  compared	  with	  age.	  
 

5.5.3.ii. The	  Lateral	  Elbow	  Joint	  

The lateral elbow joint in this research consisted of the capitulum on the lateral 

humerus and the head of the radius. The lateral humerus was only slightly more affected 

by degenerative changes than the head of the radius, and this pattern was consistent 

between each of the sites (Figure 5.54). The number of affected joint surfaces was also 

lower than those in the medial elbow. There were few statistically significant 
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relationships, and only found in Coronation Street, and of moderate strength (Table 

5.97). Due to the low number of cases in Hanging Ditch, this population was not 

included in the statistical tests. 

 

 
Figure	  5.54	  The	  distribution	  of	  changes	  in	  the	  lateral	  humerus	  and	  the	  head	  of	  the	  radius	  for	  all	  the	  
sites	  (numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
 
	   Fewston	   Barton-‐upon-‐

Humber	  
Hanging	  Ditch	   Coach	  Lane	   Coronation	  

Street	  

Se
x	  

Left	  distal	  
humerus	  

X	   X	   X	   X	   13.419,	  p.001	  
(.488,	  p.001)	  

Right	  distal	  
humerus	   X	   X	   X	   X	   7.106,	  p.038	  

(.307,	  p.034)	  
Left	  Head	  
radius	   X	   X	   X	   X	   X	  

Right	  Head	  
radius	   X	   X	   X	   X	   X	  

	  

Ag
e	  

Left	  distal	  
humerus	  

X	   X	   X	   X	   8.940,	  p.018	  
(.377,	  p.017)	  

Right	  distal	  
humerus	  

X	   X	   X	   X	   X	  

Left	  Head	  
radius	   X	   X	   X	   X	   X	  

Right	  Head	  
radius	   X	   X	   X	   X	   X	  

Table	  5.97	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  lateral	  elbow	  joint	  compared	  with	  sex	  
or	  age	  in	  the	  separate	  sites.	  
 

A comparison between sex categories and pathological lesions showed an 

interesting pattern. Males were more affected than females, which was similar to the 

results from the medial elbow (Figure 5.55). More importantly in male individuals the 
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lateral humerus was more affected by degenerative change than the head of the radius, 

but this pattern was reversed in females (the head of the radius was more commonly 

affected than the lateral humerus). Thus, sex appeared to have had an influence on the 

distribution of degeneration in the skeletal elements of the lateral elbow. 

 

 
Figure	  5.55	  The	  distribution	  of	  changes	  in	  the	  lateral	  humerus	  and	  the	  head	  of	  the	  radius	  for	  all	  the	  
sites	  compared	  with	  sex.	  
 

While there was an expected ascending trend in the presence of pathological 

lesions in the skeletal elements throughout the age categories, it was also observable 

that the pattern (the head of the radius was more affected than the lateral elbow), was no 

longer present (Figure 5.56). It was thus possible to conclude that while a general 

pattern can be observed in the lateral elbow, this disappeared when the results were 

compared with age or sex. 
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Figure	  5.56	  The	  distribution	  of	  changes	  in	  the	  lateral	  humerus	  and	  the	  head	  of	  the	  radius	  for	  all	  the	  
sites	  compared	  with	  age.	  
 

5.5.4. The	  Patellofemoral	  Joint	  

In clinical studies the patellofemoral joint was not divided into two different 

compartments, but in palaeopathology we have the opportunity to examine the bones 

that make up the joints separately. The patella was divided into a smaller medial and a 

larger lateral joint surface, corresponding to the medial and lateral joint surfaces on the 

distal femur.  

 

5.5.4.i. The	  Medial	  Patellofemoral	  Joint	  

Unlike the previous joints that had been examined there was no general pattern 

to be observed in all the sites for the medial patellofemoral joint compartment, but 

rather the distribution differed between the sites (Figure 5.57). In general, sex was not 

statistically significantly associated with degeneration in the bones of the medial 

patellofemoral joint (Table 5.98). There were more associations between age and 

degeneration for the separate sites, the urban sites and the total population sample, but 

these relationships ranged from weak to moderate according to the Cramer’s V test. 
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Figure	  5.57	  The	  distribution	  of	  changes	  in	  the	  medial	  femur	  and	  the	  medial	  patella	  for	  all	  the	  sites	  
(numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
 
	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	  medial	  
femur	  

X	   X	   X	   X	   X	  

Right	  medial	  
femur	  

X	   X	   X	   7.715,	  p.017	  
(.296,	  p.011)	  

X	  

Left	  medial	  
patella	   X	   X	   X	   X	   X	  

Right	  medial	  
patella	   X	   X	   X	   X	   X	  

	  

Ag
e	  

Left	  medial	  
femur	   X	   X	   X	   X	   X	  

Right	  medial	  
femur	  

X	   X	   X	   X	   8.166,	  p.039	  
(.311,	  p.048)	  

Left	  medial	  
patella	  

X	   X	   X	   10.064,	  p.016	  
(.328,	  p.020)	  

7.215,	  p.045	  
(.385,	  p.038)	  

Right	  medial	  
patella	   X	   X	   X	   9.765,	  p.017	  

(.317,	  p.029)	   X	  

Table	  5.98	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  medial	  patellofemoral	  joint	  correlated	  
with	  sex	  or	  age	  in	  the	  separate	  sites.	  

 

When correlating degeneration with sex, interesting patterns occurred within the 

different sex categories in the rural and urban population samples (Figure 5.58). For 

males, similar patterns were visible in the rural and urban samples. On the left side the 

medial femur was more affected than the medial patella and this was reversed on the 

right side. In the rural females, the left and right sides showed a similar distribution in 

both skeletal elements on both sides, however in the urban females the medial patella 

was always more affected. In the rural sample males and females were similarly 

affected, but in the urban sample there were more females affected.  
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Figure	  5.58	  The	  distribution	  of	  changes	  in	  the	  medial	  femur	  and	  the	  medial	  patella	  for	  all	  the	  sites	  
compared	  with	  sex.	  
 

In the total population sample the number of bones affected in the medial 

patellofemoral joint rose steeply from the young to middle adult age category. The 

transition from middle to old adult was less dramatic, and almost an equal number of 

cases were affected. In both the middle and old adult age categories the same patterns 

can be observed. On the left side the medial patella was slightly more affected than the 

medial femur. On the right side the medial femur was more affected than the medial 

patella (Figure 5.59). In the rural population sample there was a steady rise between the 

age ranges, but no real patterns between the skeletal elements. In the urban population 

sample the middle and old adult age ranges were similar, but there were no apparent 

patterns between the skeletal elements. 
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Figure	  5.59	  The	  distribution	  of	  changes	  in	  the	  medial	  femur	  and	  the	  medial	  patella	  for	  all	  the	  sites	  
compared	  with	  age.	  
 

It can thus be concluded that there were no general patterns related to the 

anatomical distribution of pathological lesions in the medial patellofemoral joint. 

 

5.5.4.i. The	  Lateral	  Patellofemoral	  Joint	  

Similar to the medial patellofemoral joint there were no distinct patterns in the 

distribution of changes in the lateral femur and lateral patella for the separate sites 

(Figure 5.60). Statistically significant relationships between age or sex and the 

anatomical distribution of pathological lesions were found in Coach Lane, Coronation 

Street and Fewston, but the relationships ranged from weak to moderate (Table 5.99). 
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Figure	  5.60	  The	  distribution	  of	  changes	  in	  the	  lateral	  femur	  and	  the	  lateral	  patella	  for	  all	  the	  sites	  
(numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
 
	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	  lateral	  
femur	  

X	   X	   X	   X	   X	  

Right	  lateral	  
femur	  

8.597,	  p.024	  
(.388,	  p.035)	  

X	   X	   6.139,	  p.035	  
(.230,	  p.085)	  

X	  

Left	  lateral	  
patella	   X	   X	   X	   X	   X	  

Right	  lateral	  
patella	   X	   X	   X	  

7.643,	  p.018	  
(.287,	  p.035)	   X	  

	  

Ag
e	  

Left	  lateral	  
femur	   X	   X	   X	  

10.210,	  p.013	  
(.284,	  p.029)	   X	  

Right	  lateral	  
femur	  

X	   X	   X	   10.955,	  p.007	  
(.326,	  p.010)	  

X	  

Left	  lateral	  
patella	  

X	   X	   X	   X	   10.102,	  p.011	  
(.447,	  p.014)	  

Right	  lateral	  
patella	   X	   X	   X	   X	   15.760,	  p.000	  

(.570,	  p.000)	  
Table	  5.99	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  lateral	  patellofemoral	  joint	  correlated	  
with	  sex	  or	  age	  in	  the	  separate	  sites.	  
 

In the rural and urban population samples the distribution patterns were reversed 

for the male and female sex categories (Figure 5.61). In males, the left lateral 

patellofemoral joint had more degeneration in the lateral patella, but on the right side 

there were more changes in the lateral femur. For females, the left lateral femur was 

more affected than the left lateral patella, but on the right side the lateral patella was 

slightly more affected than the lateral femur. When comparing the rural and urban 

distributions, males followed similar patterns between the two population samples. In 
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rural females the lateral femur was more affected and in the urban population the lateral 

patella was more affected.  

 

 
Figure	  5.61	  The	  distribution	  of	  changes	  in	  the	  lateral	  femur	  and	  the	  lateral	  patella	  for	  all	  the	  sites	  
compared	  with	  sex.	  
 

Although there was a rise throughout the age categories in the occurrence of 

pathological lesions, there were no clear patterns in the distribution of these lesions in 

the skeletal elements (Figure 5.62). It can thus be concluded that the lateral 

patellofemoral joint, as for the medial patellofemoral joint, had no clear patterns in the 

anatomical distribution of pathological lesions. 
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Figure	  5.62	  The	  distribution	  of	  changes	  in	  the	  lateral	  femur	  and	  the	  lateral	  patella	  for	  all	  the	  sites	  
compared	  with	  age.	  
 

5.5.5. The	  Tibiofemoral	  Joint	  

Following the clinical literature the tibiofemoral joint was divided into two 

compartments.  

 

5.5.5.i. The	  Medial	  Tibiofemoral	  Joint	  

The overall pattern that emerged from each of the sites was that the medial 

femur was more affected by degenerative lesions than the medial tibia (Figure 5.63). 

However, the left tibiofemoral joint in the Coronation Street population sample did not 

conform to this pattern. There were not many statistically significant relationships 

between age or sex and the distribution of pathological lesions in the medial 

tibiofemoral joint, but when present they tended to be present in Coach Lane and 

Coronation Street (Table 5.100). 

 



 260 

 
Figure	  5.63	  The	  distribution	  of	  changes	  in	  the	  medial	  femur	  and	  the	  medial	  tibia	  for	  all	  the	  sites	  
(numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
  
	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	  medial	  
femur	  

X	   X	   X	   X	   X	  

Right	  medial	  
femur	  

X	   X	   X	   7.715,	  p.017	  
(.296,	  p.011)	  

X	  

Left	  medial	  
tibia	   X	   X	   X	   X	   X	  

Right	  medial	  
tibia	   X	   X	   X	   X	   X	  

	  

Ag
e	  

Left	  medial	  
femur	   X	   X	   X	   X	   X	  

Right	  medial	  
femur	  

X	   X	   X	   X	   8.166,	  p.039	  
(.311,	  p.048	  

Left	  medial	  
tibia	  

X	   X	   X	   10.064,	  p.016	  
(.328,	  p.020)	  

7.215,	  p.045	  
(.385,	  p.038)	  

Right	  medial	  
tibia	   X	   X	   X	   9.765,	  p.017	  

(.317,	  p.029)	   X	  

Table	  5.100	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  medial	  tibiofemoral	  joint	  correlated	  
with	  sex	  or	  age	  in	  the	  separate	  sites.	  

 

The patterns observed for the general distribution between the sites almost 

disappeared when examining whether there was a relationship between degeneration of 

the medial tibiofemoral joint and the sex of individuals in the rural and urban population 

samples, and all the sites together, and this was also the case when correlating the 

changes with age (Figure	  5.64 and Figure 5.65). 
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Figure	  5.64	  The	  distribution	  of	  changes	  in	  the	  medial	  femur	  and	  the	  medial	  tibia	  for	  all	  the	  
sites	  compared	  with	  sex.	  
 

 
Figure	  5.65	  The	  distribution	  of	  changes	  in	  the	  medial	  femur	  and	  the	  medial	  tibia	  for	  all	  the	  sites	  
compared	  with	  age.	  
 

5.5.5.ii. The	  Lateral	  Tibiofemoral	  Joint	  

In the Barton-upon-Humber, Coach Lane and Coronation Street population 

samples the lateral tibia was always more affected by degeneration than the lateral 

femur (Figure 5.66). The numbers for Fewston and Hanging Ditch were low, but in 

these sites the only cases of degeneration were present in the lateral femur. Statistically 

significant relationships between sex or age and the anatomical distribution of lesions 
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were only found at Coach Lane, Coronation Street and Fewston (Table 5.101). The age-

related relationships for Coronation Street were strong, whereas the others were weak to 

moderate. 

 

 
Figure	  5.66	  The	  distribution	  of	  changes	  in	  the	  lateral	  femur	  and	  the	  lateral	  tibia	  for	  all	  the	  sites	  
(numbers	  represent	  only	  the	  affected	  bones,	  not	  all	  the	  bones	  that	  were	  present	  in	  the	  sample).	  
  
	   Fewston	   BuH	   HD	   CL	   CS	  

Se
x	  

Left	  lateral	  
femur	  

X	   X	   X	   X	   X	  

Right	  lateral	  
femur	  

8.597,	  p.024	  
(.388,	  p.035)	  

X	   X	   6.139,	  p.035	  
(.230,	  p.085)	  

X	  

Left	  lateral	  
tibia	   X	   X	   X	   X	   X	  

Right	  lateral	  
tibia	   X	   X	   X	  

7.643,	  p.018	  
(.287,	  p.035)	   X	  

	  

Ag
e	  

Left	  lateral	  
femur	  

X	   X	   X	   10.210,	  p.013	  
(.284,	  p.029)	  

X	  

Right	  lateral	  
femur	  

X	   X	   X	   10.955,	  p.007	  
(.326,	  p.010)	  

X	  

Left	  lateral	  
tibia	  

X	   X	   X	   X	   10.102,	  p.011	  
(.447,	  p.014)	  

Right	  lateral	  
tibia	   X	   X	   X	   X	  

15.760,	  p.000	  
(.570,	  p.000)	  

Table	  5.101	  Statistical	  significance	  of	  lesions	  in	  the	  bones	  of	  the	  lateral	  tibiofemoral	  joint	  correlated	  
with	  sex	  or	  age	  in	  the	  separate	  sites.	  
 

The pattern that was observed between the sites was also present when 

correlating the data for all the sites with the sex categories (the lateral tibia was more 

commonly affected than the lateral femur), and the rural and urban population samples 
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had different patterns between the sexes. There was also no pattern observed for the 

age-related patterns (Figure	  5.67 and Figure 5.68).  

 

 
Figure	  5.67	  The	  distribution	  of	  changes	  in	  the	  lateral	  femur	  and	  the	  lateral	  tibia	  for	  all	  the	  
sites	  compared	  with	  sex.	  
 

 
Figure	  5.68	  The	  distribution	  of	  changes	  in	  the	  lateral	  femur	  and	  the	  lateral	  tibia	  for	  all	  the	  sites	  
compared	  with	  age.	  
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5.5.6. Summary	  of	  Key	  Findings	  from	  the	  Anatomical	  Distribution	  

- In both the glenohumeral and hip joints the stable component of the joint was 

always more affected than the mobile component. This pattern was observed 

regardless of age, sex or geographical location. 

- In the medial elbow, the head of the ulna was more affected by pathological 

lesions than the distal medial humerus. This pattern was observed regardless of 

age, sex or geographical location. 

- In the lateral elbow, the distal lateral humeral was more affected by pathological 

lesions than the head of the radius for each of the sites. However, when dividing 

the lesions in this joint between the sexes or the age categories, the pattern was 

no longer observed. 

- There were no patterns observed in either the medial or the lateral 

patellofemoral compartments. 

- In the medial tibiofemoral compartment, pathological lesions more commonly 

affected the distal medial femur than the proximal medial tibia. This pattern did 

not persist when dividing the pathological lesions between the sex and age 

categories. 

- In the lateral tibiofemoral compartment, pathological lesions more commonly 

affected the proximal lateral tibia than the distal lateral femur. This pattern did 

not persist when dividing the pathological lesions between the sex and age 

categories. 

 

The following chapter will focus on presenting the case studies examined for 

rheumatoid arthritis, analysing the cases within the set of diagnostic criteria and 

examining the differential diagnosis for each case. 
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Chapter	  6. Rheumatoid	  Arthritis	  Results	  
This chapter describes the results of several case studies of potential rheumatoid 

arthritis identified in individuals from a number of different cemetery populations. The 

five sites examined for osteoarthritis (Chapter 5), did not have any skeletons with 

advanced rheumatoid arthritis. Although a possible case was identified in the skeletal 

report for Coronation Street, macroscopic examination here did not suggest a positive 

diagnosis.  

 

6.1. Suspected	  Rheumatoid	  Arthritis	  Cases	  not	  included	  

in	  the	  Project	  

At the Museum of London a total of nine skeletons were examined. Due to time and 

financial constraints it was not possible to examine all skeletons diagnosed as erosive 

arthropathy (based on a list provided in a personal communication by Ms Bekvalac). 

Selection was based on a previous diagnosis of potential rheumatoid arthritis and the 

socio-demographic profiles of the individuals. Three of the nine individuals are 

included in the following case studies. The other six individuals were examined 

determined not to have rheumatoid arthritis.  

Cases were discounted for a variety of reasons: SRP98 13589, an old adult female, 

did not have enough lesions in order to make a positive diagnosis and the only erosions 

present were on the lunate and the second cuneiform bones. SRP98 17863, and old adult 

“female?”, could potentially have psoriatic arthritis, as the asymmetric presence of 

erosions and fusion in the left and right foot bones were not consistent with rheumatoid 

arthritis. SRP98 17326 was “missing” from the stores and could thus not be examined 

by the author. Based on the notes by D. Walker this individual was an 18-25 year old 

“Female?”, with sinusitis and erosive arthropathy in the hands, feet and right shoulder. 

There was insufficient positive evidence to diagnose the individual with rheumatoid 

arthritis.  

SRP98 10668 was a middle adult female individual with an unusual combination of 

pathological lesions. In the axial skeleton proliferative lesions were recorded that were 

reminiscent of diffuse idiopathic skeletal hyperostosis, but in the appendicular skeleton 

erosive lesions were recorded that could have been attributed to either psoriatic arthritis 

or rheumatoid arthritis. While some clinical studies have found that people can have 

both DISH and rheumatoid arthritis, there is not much information on the subject or the 
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expression of such cases (Kiss et al. 2002, 27; Resnick and Kransdorf 2005, 245). It was 

thus decided not to include this individual at the present time, but to do a re-

examination at a later date. 

From the Post-Medieval Cross Bones Cemetery two individuals were discounted 

from the previous diagnosis of rheumatoid arthritis. REW92 159, an old adult female, 

displayed characteristic lesions (Rogers and Waldron 1995) of gout in the right first 

metatarsal and the distal aspect of the proximal phalanx of the first toe. REW92 150 

was an old adult female individual with marginal osteophytes and eburnation in the 

hands. These were consistent with a diagnosis of osteoarthritis, not rheumatoid arthritis 

as there was new bone formation, but no erosive lesions. 

In the Barton-upon-Humber population three individuals with rheumatoid arthritis were 

published by Waldron (2007). A further six cases were classified with erosive 

arthropathy. All were re-examined here. One was immediately dismissed; as it was an 

example of extensive ankylosing spondylitis was found in an old adult male (Sk.1347, 

F4536). Only one case from the remaining eight could potentially be diagnosed with 

rheumatoid arthritis (Sk.2711, F7561). Individual 342 (F1244) was “missing” and, 

despite an extensive search, could not be found. Another individual initially diagnosed 

as having rheumatoid arthritis, 1622 (F4649), did not have erosions present and was 

thus not included in this research. Individual 345 (F1243) was represented by a skull 

box and no other bones were present; thus again no diagnosis could be made. The 

remaining individuals (817, 1851, 1937, 1995) were not included due to the fact that the 

pathological lesions were not extensive enough to indicate a rheumatoid arthritis 

diagnosis or because there were insufficient lesions to analyse. Thus the total number of 

cases that are examined in depth is five. 

 

6.2. Durham	  City	  Vision,	  DCV10	  Sk12	  

Individual DCV10 Sk12 was excavated in 2010 from Durham city market place. 

The cemetery of St Nicholas’ Church had been in use since the 12th century, but the 

skeletons excavated are thought to belong to the 18th and 19th century AD, with an end 

date of 1846, when the cemetery fell out of use (Emery et al. 1997). Individual 12 was 

approximately 30% preserved and the bones were light, possible indicating a loss of 

bone mass during life (Figure 6.1). Morphological features of the skull and os coxae 

were used to determine that this individual was a female (Buikstra and Ubelaker 1994; 

Brickley and McKinley 2004; Byers 2010; Klales et al. 2012; Phenice 1969). Age 
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determination was more complex due to only a partial auricular surface being present, 

no pubic bones, and the mandible showed complete resorption of the alveolar sockets, 

with tooth loss having occurred ante-mortem (Byers 2010). The individual was 

estimated to be a female of ‘old adult’ age.  

 

 
Figure	  6.1	  Preservation	  of	  the	  bones	  in	  individual	  DCV10	  Sk12,	  Preserved	  bones	  are	  shaded	  and	  
arrows	  indicate	  pathological	  lesions.	  
 

Erosive lesions were identified on multiple joint surfaces of the skeleton despite 

the fragmentary preservation of the individual. Remodelled, pitted walls with blunt 

margins characterise these lesions. In the vertebral column the upper cervical vertebrae 

were the most affected by erosions, whereas the thoracic and lumbar vertebrae showed 

no signs of either erosive or proliferative lesions (Figure 6.2). The right superior 

articular facet of the fragmentary atlas (C1) was remodelled with erosive lesions at the 

margins and on the joint surface (Diameter (D)= 1.3mm). Only the right facet of the 

occipital condyles was preserved and, although the shape of the articulation was still 

present, erosions have affected the joint surface. Of the axis (C2), only the dens and 
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body were preserved and the articular facet on the dens had erosions surrounding it (D= 

0.8mm; Fig.2). Erosive lesions did not affect any other articular facets of the vertebral 

column. 

 

  
Figure	  6.2	  Right	  occipital	  condyle,	  atlas	  and	  axis	  affected	  by	  erosive	  lesions	  (DCV10	  SK12).	  	  
 
 

The left mandibular fossa was affected by extensive micro-porosity and minimal 

marginal osteophytosis and could be classified as minimal expression of 

temporomandibular joint osteoarthritis (Rando and Waldron 2012). The left lateral 

clavicle and the head of the left humerus were affected by macro-porosity (head of the 

humerus: D= 1.1mm). The head of the humerus also showed a small area of eburnation. 

For the elbow joints, the proximal articulation of the left ulna was present and marginal 

and central erosions affected the trochlear notch, preserving the general shape of the 

articulation (D= 1mm). Both the left distal ulna and distal radius had macro-porosity 

and erosive lesions that were deeper on the margins and less extensive towards the 

centre of the joint surface. The radiograph shows the deformation of the joint surfaces 
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and the loss of cortical bone (ulna: D= 1 - 4.4mm and radius: D= 2.5 - 3.8mm; Figure 

6.3 A-C). 

 

 
Figure	  6.3	  A.	  Left	  proximal	  ulna.	  B.	  Left	  distal	  ulna	  and	  distal	  radius.	  C.	  Radiograph	  of	  the	  latter	  
skeletal	  elements	  (DCV10Sk12).	  
 
Four of the left carpal bones were recovered: the scaphoid, trapezium, capitate and 

hamate, with erosions and porosity affecting each of these bones and altering their 

original shape. The two right and five left metacarpals all showed joint contour changes 

due to erosions and porosity at the carpometacarpal and metacarpophalangeal 

articulations. The lesions were located on the margins of the joint surfaces and a 
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progression towards the centre of the joint surface could be observed. The erosions were 

variable in depth, proximally ranging from 1mm to 3.5mm and distally <1 – 1.3mm, but 

all exposed the underlying trabecular bone. On the radiographs the loss of trabecular 

and cortical bone and the erosions were clearly visible (Figure	  6.4A1, A2, B1 and B2). 

 

 
Figure	  6.4.A1.	  Left	  hand	  belonging	  to	  individual	  DCV10Sk12;	  some	  of	  the	  erosions	  are	  indicated	  by	  
white	  arrows.	  
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Figure	  6.4.A2. Radiograph	  of	  the	  left	  hand	  belonging	  to	  individual	  DCV10Sk12;	  some	  of	  the	  
erosions	  are	  indicated	  by	  white	  arrows. 
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Figure	  6.4.B1.	  Right	  hand belonging	  to	  individual	  DCV10Sk12;	  some	  of	  the	  erosions	  are	  indicated	  

by	  white	  arrows.  
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Figure	  6.4	  (A1;	  A2;	  B1;	  B2)	  Radiograph	  of	  right	  hand	  belonging	  to	  individual	  DCV10Sk12;	  some	  of	  the	  
erosions	  are	  indicated	  by	  white	  arrows.	  

 

Peripheral erosive lesions and porosity affected all 21 recovered hand phalanges in 

varying degrees of severity. Erosions and porosity were present in the proximal 

interphalangeal joints, and to a lesser extent the intermediate interphalangeal joints, but 

were not present in the distal interphalangeal joints (Figure	  6.4A1, A2, B1 and B2). There 

were no proliferative joint changes recorded for the hands. In the proximal phalanges 

the erosions ranged in depth proximally from <1mm – 3mm and distally from <1mm – 

1.8mm. The erosions were generally deeper on the left-hand side than on the right. In 

the intermediate phalanges the depth of the erosions ranged from <1mm – 2mm 

proximally and from <1mm – 1mm distally. The left and right acetabulae and femoral 

heads were recovered, but no lesions were detected on them. The left distal femur 

displayed minor porotic lesions, at score 1 in Buikstra and Ubelaker (1994: 122) while 

the cuboid was not affected by any pathological changes.  
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6.3. Farringdon:	  St	  Brides	  Lower	  Churchyard,	  FAO90	  1151	  

This churchyard was in use during the late 18th-19th Century (1770-1845) when 

the churchyard of St Brides Fleet Street became overcrowded (MOL, Centre for Human 

Bioarchaeology Database, 25/02/14; Waldron et al. 1994, 165). These individuals were 

from the lower socioeconomic strata in society, as the cemetery population is believed 

to have been part of the Bridewell workhouse and Fleet prison. Out of the 544 

individuals that were analysed by osteologists only one was identified as having severe 

rheumatoid arthritis (Waldron et al. 1994). It was published in the International Journal 

of Osteoarchaeology but, due to unclear images and not enough photographs, it was 

decided by the author to re-examine this individual in order to standardize the 

descriptions and images (Waldron et al. 1994). No radiographs were available and due 

to logistical constraints it was not possible to undertake radiography for the purpose of 

this study. Both the skull and os coxa morphology suggested a female. Examination of 

the pubic symphysis indicated that this female was an ‘old adult’. An estimated 70% of 

the skeleton was preserved for analysis (Figure 6.5).  
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Figure	  6.5	  Preservation	  of	  the	  bones	  in	  individual	  FAO90	  1151.	  Shaded	  elements	  were	  present,	  
squares	  and	  arrows	  indicated	  location	  of	  lesions.	  
  

No lesions were observed in the temporomandibular joint or on the occipital 

condyles. There were no sacro-iliac joint changes, nor were there lesions indicative of 

rheumatoid arthritis in the either the spine or ribs. In the right acromion process there 

was joint contour change and micro-porosity on the joint surface.  In the upper 

extremities, several areas were recorded with erosive lesions. The head of the left ulna 

had marginal erosive lesions along the trochlear notch/semilunar notch and the radial 

notch, and there were lesions on the coronoid process. The maximum depth of the 

erosions on the lateral side was 6.13mm and 5.25mm on the medial side. The cortical 

bone had been exposed and the edges of these lesions were of a similar colour to the rest 

of the bone, indicating that they were unlikely to have been caused post-mortem (Figure 

6.6A). In the distal end of the left ulna, erosive marginal lesions were situated between 

the styloid process and the articulation with the radius (Figure 6.6B). The maximum 

depth of the erosive lesion was 3.72mm, but it could have been deeper as the lesion did 

have some earth lodged inside it, and it was not possible to remove it due to the fragile 
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nature of the bone. The distal end of the left radius was also preserved and modified by 

erosive lesions. Here the pathological features were observed on both the margins and 

the centre of the joint surface. There were small patches of articular surface preserved 

on both the scaphoid and lunate articulations on the distal radius (Figure 6.6C). The 

maximum depth of the erosive lesions was 5.4mm.  

 

A.  

B.  C.  
Figure	  6.6	  A.	  Left	  proximal	  head	  of	  the	  ulna;	  B.	  Left	  distal	  ulna;	  C.	  Distal	  radius;	  Individual	  FAO90	  1151.	  
 

The right elbow joint had partially “collapsed”. The joint surfaces on the distal 

humerus, proximal ulna and proximal radius were almost destroyed and their original 

shapes were no longer recognisable (Figure 6.7A). On the distal humerus the olecranon 

fossa was preserved without significant changes, but the capitulum was affected by 

porosity, eburnation and erosive lesions around its margin, indicating continued use of 

the joint. The trochlea had lost its original shape and was affected by marginal erosions 
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that exposed the underlying cortical bone (Figure 6.7B). The maximum depth of the 

erosive lesions was 3.6mm, and the lesions did not appear to be post-mortem as they 

had the same colour as the surrounding bone and the edges were not sharp. 

 

A.   

B.   
Figure	  6.7	  A.	  Right	  distal	  humerus	  and	  proximal	  ulna	  and	  radius;	  B.	  The	  anterior	  and	  posterior	  view	  of	  
the	  right	  distal	  humerus	  (FAO90	  1151).	  

 

The right proximal ulna was affected by erosive lesions, porosity and resorption 

of the bone, thus losing the original shape of the bone. The olecranon process of the 

right ulna was only partially present, as it had eroded away during life, as was indicated 

by the smooth edges of the eroded surface (Figure 6.8A, B, C). The maximum depth of 

the erosive lesions on this bone was 2.5mm.  
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A  .  

B    C.  

Figure	  6.8	  The	  right	  proximal	  ulna.	  A.	  Medial	  view;	  B.	  Posterior	  view;	  C.	  Superior	  view	  (FAO90	  1151).	  
 

The head of the right proximal radius was flattened and deviated towards the 

medial side. The maximum depth of the erosions here was <1mm and there was 

eburnation and porosity present on the articular surface (Figure 6.9A&B).  
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A.  B.  
Figure	  6.9	  The	  right	  head	  of	  the	  radius.	  A.	  Medio-‐lateral	  view;	  B.	  Superior	  view.	  (FAO90	  1151).	  

 

The left trapezoid bone surface had extensive erosive lesions that exposed the 

underlying cortex of the bone and made identification difficult (Figure 6.10A). The 

maximum depth of the erosive lesions was 1.3mm. On the right side severe marginal 

erosive lesions also affected the scaphoid and the lunate bones. The articular surfaces 

were still intact, but affected by the erosive lesions (Figure 6.10B&C). The maximum 

depth of the erosions on the scaphoid was 4.5mm and on the lunate 2.5mm. 

 

A.   
Figure	  6.10.A.	  Left	  trapezoid	  bone;	  (next	  page)	  B.	  Proximal	  view	  of	  right	  scaphoid	  and	  lunate	  bone;	  

C.	  Distal	  view	  of	  right	  scaphoid	  and	  lunate	  bones	  (FAO90	  1151).	  
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B.  

C.  
Figure	  6.10	  A.	  Left	  trapezoid	  bone;	  B.	  Proximal	  view	  of	  right	  scaphoid	  and	  lunate	  bone;	  C.	  Distal	  view	  
of	  right	  scaphoid	  and	  lunate	  bones	  (FAO90	  1151).	  

 

There were only two metacarpal bones preserved, the left fifth metacarpal and 

the right first metacarpal. There were no erosions on the proximal joint surface of the 

right first metacarpal bone, but this bone’s proximal and dorsal shaft was affected by 

post-mortem damage. The proximal articulation of the left fifth metacarpal was not 

preserved. The distal joint surfaces of both bones were affected by marginal erosive 

lesions that were encroaching upon the articular surface (Figure 6.11A&B). In the fifth 

metatarsal the maximum depth of the erosions was 1.3mm and along the head of the 

first metacarpal bone the depth of the erosions was <1mm. 
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A.   
 

B.   
Figure	  6.11	  A.	  Medio-‐lateral	  and	  superior	  views	  of	  the	  head	  of	  the	  left	  fifth	  metacarpal	  bone;	  B.	  
Anterior	  and	  posterior	  view	  of	  the	  right	  first	  metacarpal	  (FAO90	  1151).	  

 

A right proximal phalanx was affected by post-mortem destruction in the 

proximal end. On the distal end marginal erosions were observed on the palmar, lateral 

and medial edges of the head (Figure 6.12). The maximum depth of the erosions was 

<1mm. There were no lesions observed on the right distal hand phalanx. 
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Figure	  6.12	  Right	  proximal	  hand	  phalanx,	  second	  or	  fourth	  (FAO90	  1151).	  

 

Degenerative lesions did not affect the long bones in the lower extremities and 

the tarsals were also free of pathological lesions. The destructive lesions were restricted 

to the metatarsophalangeal and proximal interphalangeal joints. In the left foot, erosive 

marginal lesions were found in the distal heads of all metatarsal bones. The depth of the 

erosions in all these bones was <1mm. The first left metatarsal had erosive lesions along 

the medial edge of the head and there was also post-mortem destruction. Medial and 

plantar erosive lesions on the proximal articular surface affected the left first proximal 

foot phalanx, and on the distal articular surface there was a small lesion on the medial 

side. The shaft of this bone had a lateral deviation. In the left first distal foot phalanx no 

lesions were recorded (Figure 6.13A, B, C).   

 

A.   
Figure	  6.13	  A.	  Left	  first	  metatarsal,	  (next	  page)	  B.	  Left	  first	  proximal	  foot	  phalanx,	  C.	  Left	  first	  distal	  
foot	  phalanx	  (FAO90	  1151).	  
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B.   

C.  
Figure	  6.13	  A.	  Left	  first	  metatarsal,	  B.	  Left	  first	  proximal	  foot	  phalanx,	  C.	  Left	  first	  distal	  foot	  phalanx	  
(FAO90	  1151).	  
 

In the left second metatarsal there were erosive lesions on the medial and dorsal 

side of the head (Figure 6.14A). The left second proximal foot phalanx had a scooped 

out appearance with marginal erosions on its proximal articular surface and minor 

erosive and porotic lesions on the distal end (Figure 6.14B). In the left second 

intermediate foot phalanx there was porosity on the proximal articular joint surface but 

no degeneration on the distal articular surface.  
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A   

B  
Figure	  6.14	  A.	  Medial	  and	  plantar	  view	  of	  the	  head	  of	  the	  second	  metatarsal;	  B.	  The	  left	  second	  
proximal	  phalanx	  (FAO90	  1151).	  

 

In the left third metatarsal bone the distal head was affected by erosive lesions 

along its edges and the centre of the articular surface (Figure 6.15 A). The left third 

proximal foot phalanx displayed a similar scooped out appearance in the proximal joint 

surface as for the second proximal foot phalanx (Figure 6.15 D-F). There were also 

deep erosive lesions, 2.6mm, on the medio-plantar side of the proximal articular surface. 

Smaller erosions affected the distal articular surface of this bone. 
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A  

B  
Figure	  6.15	  A.	  Left:	  Dorsal	  view	  of	  left	  third	  MT	  head,	  middle:	  Lateral	  view	  of	  left	  third	  MT	  head,	  right:	  
superior	  view	  of	  left	  third	  MT	  head.	  B.	  Left:	  Dorsal	  view	  of	  left	  third	  proximal	  phalanx,	  right	  top:	  
proximal	  view	  of	  left	  third	  proximal	  phalanx,	  right	  bottom:	  distal	  view	  of	  left	  third	  proximal	  phalanx.	  

 

The left fourth metatarsal and fourth proximal phalanx were affected by similar 

lesions to the second and third rays (Figure 6.16A&B). Erosive lesions with a maximum 

depth of 2mm were observed on the medio-plantar side of the articular surface. Porosity 

and erosions affected the distal articular surface. Marginal erosions and post-mortem 

destruction also affected the left fifth metatarsal.  
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A  

B  
Figure	  6.16	  A.	  Dorsal	  and	  superior	  view	  of	  the	  distal	  head	  of	  the	  left	  fourth	  metatarsal.	  B.	  The	  left	  
fourth	  proximal	  foot	  phalanx,	  dorsal	  and	  proximal	  views	  (FAO90	  1151).	  
 

In the right metatarsals and foot phalanges it was possible to observe similar 

patterns as were described above for the left foot. There were no changes observed in 

the tarso-metatarsal joints or in the tarsals; all the changes were confined to the 

metatarsophalangeal and proximal interphalangeal joints. In the head of the right first 

metatarsal bone marginal erosions were observed on the medial side, but post-mortem 

damage was also present on the bone (Figure 6.17A). The first right proximal phalanx 

displayed marginal erosive lesions on the medial side of the proximal articular surface. 
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The distal articular surface had erosive lesions with a maximum depth of 1.5mm. There 

were no lesions on the distal phalanx. The second metatarsal bone was unfortunately 

missing. 

 

A  
Figure	  6.17.	  A.	  Right	  foot:	  Erosive	  lesions	  are	  present	  in	  the	  metatarsophalangeal	  joints;	  (next	  page)	  
B.	  Distal	  articular	  surfaces	  of	  the	  third	  (B1)	  and	  fifth	  (B2)	  metatarsal	  heads;	  C.	  Proximal	  articular	  
surfaces	  of	  the	  third	  (C1)	  and	  fourth	  (C2)	  proximal	  phalanges	  (FAO90	  1151).	  
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Figure	  6.17	  A.	  Right	  foot:	  erosive	  lesions	  are	  present	  in	  the	  metatarsophalangeal	  joints;	  B.	  Distal	  
articular	  surfaces	  of	  the	  third	  (B1)	  fourth	  (B2)	  and	  fifth	  (B3)	  metatarsal	  heads;	  C.	  Proximal	  articular	  
surfaces	  of	  third	  (C1)	  and	  fourth	  (C2)	  proximal	  phalanges	  (FAO90	  1151).	  

 

On the distal part of the head of the third right metatarsal bone marginal erosions 

had a maximum depth of 1.3mm and exposed the underlying cortex (Figure 6.17B1). 

The third proximal phalanx had a scooped out proximal articular surface with marginal 

erosions and on the distal articular surface there was post-mortem damage (Figure 

6.17C1). 
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The fourth metatarsal displayed large erosions on both the margins and in the 

centre of the distal part of the head. These had a maximum depth of 2.2mm (Figure 

6.17B2). The fourth phalanx’s proximal articular surface looked similar to the third 

proximal foot phalanx, with a scooped out appearance and erosive lesions that were 

<1mm in maximal depth. The distal articular surface of the fourth proximal metatarsal 

had a similar scooped out appearance (Figure 6.17C2). 

  The right fifth metatarsal had both marginal and central erosive lesions on the 

distal part of the head with a maximum depth of 1.3mm (Figure 6.17B3). The fifth right 

proximal foot phalanx had post-mortem destruction on the proximal articular surface 

and the distal articular surface did not have any alterations. 

Due to the extend and distribution of the erosive lesions this could be rheumatoid 

arthritis, but this will further be examined in the differential diagnosis section. 

 

6.4. St	  Mary	  Spital:	  SRP98	  30910	  –	  SRP98	  11371	  

The two individuals that are discussed next all belonged to the St Mary Spital 

hospital and priory from East London. The cemetery spans a time period from the 12th 

to the early 16th century. Individuals 11371 and 30910 belonged to the earliest phase of 

the cemetery 1200-1250 (Connell et al. 2012, 3). 

 
6.4.1. SRP98	  30910	  
The sex of this individual was estimated to be male. The pubic symphysis and 

the auricular surface were used to provide an age estimation and both suggested the old 

adult age category. The skeleton was approximately 80% preserved (Figure 6.18).  
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Figure	  6.18	  Bones	  present	  in	  individual	  SRP98	  30910.	  Shaded	  areas	  are	  present,	  arrows	  and	  squares	  
indicate	  lesions.	  

 

There were no apparent lesions on the sacroiliac joints nor were there any rib 

lesions. In the spine, Schmorl’s nodes and marginal osteophytes were recorded on the 

bodies of some of the lumbar vertebrae. There were also marginal osteophytes on the 

superior and inferior articular facets of some of the vertebrae, and posterior spinal 

ligament ossification. In the right glenohumeral joint osteonecrosis and deformation of 

the humeral head could be observed (Figure 6.19). Incidental or secondary osteoarthritis 

with the presence of eburnation was observed on the humeral head.  
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Figure	  6.19	  Right	  humeral	  head,	  various	  views	  (SRP98	  30910).	  

 

There were no lesions observed on the left and right distal humeri, or on the 

ulnae or radii. There was one lesion observed in the hand; the distal part of the head of 

the left third metacarpal showed shortening and the head appeared to be osteonecrotic 

(Figure 6.20). 
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Figure	  6.20	  Left	  third	  metacarpal,	  various	  views	  (SRP98	  30910).	  

 

Erosive lesions could be observed in the feet. On the right navicular bone a 

slight erosive lesion could be observed on the dorsal non-articular surface, with smooth 

edges and the underlying cortex exposed (Figure 6.21).   

 



 293 

 
Figure	  6.21	  Right	  navicular	  bone	  (SRP98	  30910).	  

 

In the distal head of the left first metatarsal, three deep erosive lesions were 

observed on the medial side adjacent to the articular surface (Figure 6.22A). The distal 

part of the head of the right first metatarsal displayed similar large lytic lesions (Figure 

6.22B). The distal foot phalanges for the first ray were missing on both sides, and were 

probably not recovered post mortem.  

 

 
Figure	  6.22	  A	  Medial	  side	  of	  the	  left	  first	  metatarsal;	  B.	  Medial	  side	  of	  the	  right	  first	  metatarsal	  (SRP98	  
30910).	  
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Finally on the distal end of the right fifth metatarsal, there were lytic lesions on 

the margins that were encroaching upon the centre (Figure 6.23). Only the medial part 

of the articular surface of the head was preserved intact. The fourth or fifth right 

intermediate and distal foot phalanges were fused. 

 

 
Figure	  6.23	  Right	  fifth	  metatarsal,	  lateral	  and	  superior	  views	  (SRP98	  30910).	  
  
 
 

6.4.2. SRP98	  11371	  
This individual was classified as male based on the morphological features of 

the skull and the partially preserved os coxae. Age estimation from the auricular surface 

placed this individual in the middle adult age category. The individual had 

approximately 70% of the osteological elements preserved (Figure 6.24). 
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Figure	  6.24	  Bones	  present	  in	  individual	  SRP98	  11371.	  Shaded	  areas	  are	  present,	  arrows	  and	  squares	  
indicate	  lesions.	  

 

Both temporomandibular joints were affected by florid temporomandibular joint 

disease, with rare evidence of eburnation on the left mandibular condyle (Figure 6.25).  
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Figure	  6.25	  The	  left	  and	  right	  mandibular	  fossae	  and	  condyles	  (SRP98	  11371).	  

 

Only the sixth and the seventh cervical vertebrae were preserved of the cervical 

region of the spine and no lesions were observed here or in the thoracic or lumbar 

vertebrae. In the sacroiliac joints no changes were observed, but both acetabulae were 

affected by porosity and some erosion. The right head of the femur was affected by 

post-mortem destruction and porosity. The ribs were fragmentary but all were present 

and no lesions were observed. 

In the right acromioclavicular joint porosity, slight lytic lesions and joint contour 

changes were present. The left and right glenoid fossae were affected by macro-porosity, 

small erosions and joint contour changes. The erosions were approximately 2-3mm in 

maximum depth. The left and right heads of the humeri were partially preserved with 
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erosion, macro-porosity, eburnation and some slight marginal osteophytes present on 

both (Figure 6.26).  

 

 
 

   
Figure	  6.26	  Views	  of	  the	  right	  glenoid	  fossa	  and	  the	  left	  and	  right	  humeral	  heads.	  (SRP98	  11371).	  

 

The left and the right elbows were affected by erosive lesions but, rather than 

discrete lesions, the entire surfaces were affected with the erosions ranging from 1-2mm 

deep. The joint surfaces of the distal humeri, left ulna and both radii appeared porous 

although, due to the presence of soil embedded in the left elbow joint bones, it was 

difficult to properly examine the lesions (Figure 6.27A1&2, B, C). 
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Figure	  6.27	  A1&2.	  The	  left	  and	  right	  distal	  humeri;	  (next	  page)	  B.	  The	  left	  proximal	  ulna;	  C.	  The	  left	  
and	  right	  proximal	  radius	  (SRP90	  11371).	  
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B  
 

C   
Figure	  6.27	  A1&2.	  The	  left	  and	  right	  distal	  humeri;	  B.	  The	  left	  proximal	  ulna;	  C.	  The	  left	  and	  right	  
proximal	  radius	  (SRP90	  11371).	  

 

 

The knees were affected by similar lesions to those observed in the elbow joints 

and, despite the fragmentary preservation of the tibiofemoral joints, the changes were 

symmetrical (Figure 6.28).  
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Figure	  6.28	  The	  right	  and	  left	  proximal	  tibiae.	  (SRP98	  11371).	  

 

The distal radii were symmetrically affected and appeared almost scooped out, 

with erosive and porotic lesions. The depth of these lesions varied between 1-2mm 

(Figure 6.29A, B, C). No carpal bones were present for examination. On the left side all 

metacarpal bones were present, with a mixture of post-mortem damage and the typical 

erosions that have been found throughout the other joints in the body. The lesions were 

present in both the proximal and distal ends of the metacarpal bones and in the proximal 

end of the second proximal phalanx, with a maximum depth of 4.15mm (Figure 6.30).  
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A  

B   

C  
Figure	  6.29	  A.	  Distal	  left	  and	  right	  radii;	  B.	  The	  left	  distal	  radius;	  C.	  The	  right	  distal	  radius	  (SRP98	  
11371).	  
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B   

C   
Figure	  6.30	  A.	  Left	  metarcapals	  and	  phalanges;	  erosions	  are	  present	  in	  the	  proximal	  and	  distal	  ends	  of	  
the	  metacarpals	  and	  the	  proximal	  ends	  of	  the	  proximal	  phalanges;	  B.	  Proximal	  and	  distal	  ends	  of	  the	  
first	  metacarpal	  bones;	  C.	  Distal	  part	  of	  the	  head	  of	  the	  second	  metacarpal	  and	  proximal	  end	  of	  the	  
second	  proximal	  phalanx	  (SRP98	  11371).	  
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On the right side, only three metacarpal bones, along with the third proximal and 

intermediate phalanx were present (Figure 6.31A). Similar lesions to the left side were 

observed. In the proximal first metacarpal bone the depth of the largest marginal erosion 

was 1.6mm (Figure 6.31B). In the third metacarpal bone, erosions affected both the 

distal part of the head and the proximal articulation and the maximum depth of the 

erosions was 1.25mm. The third proximal interphalangeal joint was also affected by 

degeneration; the distal end of the third intermediate phalanx had no changes but there 

was post-mortem damage (Figure 6.31C-E). The foot bones were not preserved.  

 

 
Figure	  6.31	  A.	  Right	  metacarpals	  and	  phalanges;	  white	  arrow	  and	  circles	  indicate	  the	  location	  of	  
some	  of	  the	  erosions;	  (next	  page)	  B.	  The	  right	  proximal	  end	  of	  first	  metacarpal;	  C.	  distal	  end	  of	  
right	  second	  metacarpal;	  D.	  Proximal	  end	  of	  right	  proximal	  phalanx;	  E.	  Proximal	  end	  of	  right	  
intermediate	  phalanx	  (SRP98	  11371).	  
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Figure	  6.31	  A	  Right	  metacarpals	  and	  phalanges,	  white	  arrows	  indicate	  the	  location	  of	  some	  of	  the	  
erosions;	  B.	  The	  right	  proximal	  end	  of	  first	  metacarpal;	  C.	  distal	  end	  of	  right	  second	  metacarpal;	  D.	  
Proximal	  end	  of	  right	  proximal	  phalanx;	  E.	  Proximal	  end	  of	  right	  intermediate	  phalanx	  (SRP98	  11371).	  
 
 

6.5. Barton-‐upon-‐Humber:	  2711	  (Phase	  C/D)	  

Individual 2711 belonged to phase D/C of the Barton-upon-Humber cemetery 

(c.1150 – c.1500). Waldron (2007) diagnosed this individual with psoriatic arthritis, but 

due to the sometimes confusing morphological expression of both rheumatoid arthritis 

and psoriatic arthritis, it is worth describing here. This individual was approximately 

45% preserved (Figure 6.32). Based upon skull and pelvic morphology determined the 

individual to be a female. Age estimation using the auricular surface, pubic symphysis 

and sternal rib ends indicated the female was a middle adult. 
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Figure	  6.32	  Bones	  present	  in	  individual	  BuH	  2711.	  Shaded	  areas	  are	  present,	  arrows	  and	  squares	  
indicate	  lesions.	  

 

The right mandibular condyle had florid temporomandibular joint disease, but 

there was no degeneration in the corresponding mandibular fossa. No lesions were 

present in the ribs, but inflammation was absent in the sacroiliac joints. In the cervical 

spine there were erosive lesions on the inferior facets of C1 and corresponding erosions 

on the superior facets of C2. The inferior left facet on C1 was affected by joint contour 

change, indicating more pressure on that joint (Figure 6.33A1-3). This same pattern 

could be observed in the C2 vertebra where the left side appeared larger. The erosive 

and porotic lesions could be observed on the joint surfaces of both facets (Figure 

6.33B1-3).  
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A1   

A2   

A3  
Figure	  6.33	  A1-‐3.	  Superior	  and	  inferior	  views	  of	  the	  atlas,	  and	  a	  radiograph	  of	  the	  atlas;	  (next	  page)	  
B1-‐3.	  Superior	  and	  anterior	  view	  of	  the	  axis	  and	  3rd	  cervical	  vertebra,	  and	  a	  radiograph	  of	  these	  
elements	  (BuH	  2711).	  
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B1   

B2  

B3  
Figure	  6.33	  B1-‐3.	  Superior	  and	  inferior	  views	  of	  atlas,	  and	  a	  radiograph	  of	  the	  atlas;	  B1-‐3.	  Superior	  and	  
anterior	  views	  of	  axis	  and	  3rd	  cervical	  vertebra,	  and	  a	  radiograph	  of	  these	  elements	  (BuH	  2711).	  
  

The inferior body of C2 was fused across the apophyseal joints and along the 

spinous process with C3 (Figure 6.33B1-3). The other cervical vertebrae appeared 

normal but some eburnation was found on the apophyseal facets of the C4-C5 joints. 
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The sixth and seventh thoracic vertebrae were fused across the bodies and the 

apophyseal joints (Figure 6.34A1-3). A slight deformation of the bodies in the thoracic 

spine was seen towards the right and minimal macro-porosity and enthesophytes were 

present. In the lumbar vertebrae there was fusion and collapse of the fourth and fifth 

vertebral bodies. When examining the bodies from an anterior perspective it is clear that 

the fifth vertebra has suffered from a collapse of the body, possibly due to traumatic 

causes (Figure 6.34B1-3). 

 

A1  A2   

A3  
Figure	  6.34	  A1-‐3.	  The	  sixth	  and	  seventh	  thoracic	  vertebrae	  +	  radiograph;	  (next	  page)	  B1-‐3.	  The	  
fourth	  and	  fifth	  lumber	  vertebrae	  +	  radiograph	  (BuH	  2711).	  
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B1  B2  

B3   
Figure	  6.34	  A1-‐3.	  The	  sixth	  and	  seventh	  thoracic	  vertebrae	  +	  radiograph;	  B1-‐3.	  The	  fourth	  and	  fifth	  
lumbar	  vertebrae	  +	  radiograph	  (BuH2711).	  

 

In the left acromion process a lytic lesion was present on the inferior surface of 

the bone and a similar lesion was observed on the greater tubercle of the humerus 

(Figure 6.35A & B). On the right side, similar lytic lesions were observed on the greater 

tubercle of the humerus. 
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Figure	  6.35	  A.	  Left	  acromion	  process,	  B.	  left	  and	  right	  heads	  of	  the	  humerus	  (BuH2711).	  

 

The left elbow joint had been affected by degeneration (Figure 6.36A). In the 

left distal humerus there were erosive and porotic lesions and eburnation on the 

capitulum. The trochlea was affected by erosion and post-mortem damage, making it 

difficult to assess the scale of the pathological lesions (Figure 6.36B). The right distal 

humerus had no lesions and the heads of the right ulna and radius appear to be normal, 

whereas the heads of the left ulna and radius were affected by porosity and eburnation 

(Figure 6.36C, D). 
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A  

B   
Figure	  6.36	  A.	  Left	  distal	  humerus	  and	  proximal	  ulna	  and	  radius;	  B.	  Left	  distal	  humerus	  +	  
radiograph;	  (next	  page)	  C.	  Left	  and	  right	  ulna	  +	  radiograph	  of	  the	  left	  ulna;	  D.	  Left	  proximal	  radius	  
+	  radiograph	  (BuH	  2711).	  
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Figure	  6.36	  A.	  Left	  distal	  humerus	  and	  proximal	  ulna	  and	  radius;	  B.	  Left	  distal	  humerus	  +	  radiograph;	  
C.	  Left	  and	  right	  ulna	  +	  radiograph	  of	  the	  left	  ulna;	  D.	  Left	  proximal	  radius	  +	  radiograph	  (BuH	  2711).	  

 

In both distal radii the underlying cortex was not visible and pitting was present 

on the joint surface with erosions on the margins. The pitting was between 3-6mm deep 

on both sides (Figure 6.37A&B). The distal ulnae were both affected by deformities and 

erosive lesions. Unfortunately there were no carpals to examine in order to see how the 

degeneration had affected these bones.  
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Figure	  6.37	  A.	  The	  left	  distal	  radius	  +	  radiograph;	  B.	  The	  right	  distal	  radius	  +	  radiograph	  (BuH	  2711).	  

 

Erosive lesions and joint contour change affected the proximal articular surface 

of the third and the fifth metacarpal (Figure 6.38A, B, C). The lesions were between 1-

2mm in depth and appear to have started at the margins and encroached upon the joint 

surfaces. The distal part of the head of the third right metacarpal also showed erosive 

lesions along the medial, dorsal and lateral edges of the articular surface (Figure 6.38D). 
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Figure	  6.38	  A.	  The	  left	  hand;	  white	  arrows	  indicate	  the	  location	  of	  erosions;	  B.	  The	  right	  hand;	  
white	  arrows	  and	  squares	  indicate	  erosions;	  (next	  page)	  C.	  Proximal	  articular	  surfaces	  of	  the	  third	  
and	  fifth	  metacarpals;	  D.	  Head	  of	  the	  third	  metacarpal	  (BuH	  2711).	  
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C.   

D.  
Figure	  6.38	  A.	  The	  left	  hand;	  white	  arrows	  indicate	  the	  location	  of	  erosions;	  B.	  The	  right	  hand;	  white	  
arrows	  and	  squares	  indicate	  the	  erosions;	  C.	  Proximal	  articular	  surfaces	  of	  third	  and	  fifth	  metacarpals;	  
D.	  Head	  of	  the	  third	  metacarpal	  (BuH	  2711).	  

 

On the left side, the proximal joint surface of the third proximal phalanx was 

affected by joint contour change, a scooped out, lytic appearance of the joint surface 

and marginal macro-porosity (Figure 6.39A). The other left phalanges did not have any 

changes present. In the right hand phalanges more erosive lesions were observed. In the 

proximal articular surface of the second proximal right phalanx a similar lesion to that 

described on the left side was recorded (Figure 6.39B). The other proximal articular 

joint surfaces of the fourth and fifth proximal phalanges were normal.  
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A  

B  

C  

D  
Figure	  6.39	  A.	  Left	  third	  proximal	  hand	  phalanx;	  B.	  proximal	  ends	  of	  proximal	  right	  hand	  
phalanges;	  C.	  Distal	  ends	  of	  the	  right	  proximal	  hand	  phalanges;	  D.	  proximal	  ends	  of	  right	  
intermediate	  hand	  phalanges	  (BuH	  2711).	  
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The distal articular surface of the second proximal phalanx was normal, but 

porosity and erosions were present in the distal articular surfaces of the proximal fourth 

and fifth phalanges. These lesions were located on the margins and on the palmar 

surfaces of the distal ends (Figure 6.39C). The fourth intermediate phalanx had deep 

erosive lesions both on the margins and in the centre of the proximal joint surface, 

similar to those found in the proximal phalanges (Figure 6.39D). The distal ends of the 

intermediate right phalanges were not affected by degeneration. There were no erosive 

lesions present in the long bones of the legs, but some degenerative joint changes, such 

as central and marginal osteophytes and porosity could be observed on the right 

proximal tibia and the left patella. 

In the right cuboid bone deep marginal erosive lesions were observed along the 

proximal end of the bone, on the plantar and lateral sides (Figure 6.40A1&2, D). On the 

distal joint surface of the navicular bone a combination of new bone, porosity, 

eburnation and erosions could be observed (Figure 6.40B, D). The proximal and lateral 

sides of the right first cuneiform bone were affected by similar changes, as seen on the 

articular surface of the navicular bone (Figure 6.40C, D). 
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Figure	  6.40	  A1&2.	  Right	  cuboid	  bone;	  B.	  Right	  navicular	  bone;	  B.	  First	  cuneiform	  bone;	  D.	  
Radiograph	  of	  right	  tarsal	  bones	  (BuH	  2711).	  

 
The left and right metatarsals were affected by degeneration (Figure 6.41A, B, C, 

D). Both the left and right first metatarsal bones had erosive lesions along the margins 

of the distal articular surfaces on the medial sides and a flattening of the joint surfaces 

(Figure 6.41E). The proximal joint surface of the fourth right metatarsal bone had 

porosity and erosion on the medial side of the joint surface (Figure 6.41D). Finally, both 

the fourth and fifth right metatarsal distal heads were deformed by erosive lesions that 

could be observed on both the margin and central surfaces of the articulations (Figure 

6.41F, G, H). 



 319 

A   

B  
Figure	  6.41	  (this	  page)	  A.	  Left	  foot;	  B.	  Rght	  foot;	  (next	  pages)	  C.1-‐3	  Left	  metatarsals,	  proximal	  side	  
and	  the	  heads;	  D.	  Proximal	  ends	  of	  the	  right	  metatarsals;	  E.	  Left	  and	  right	  head	  of	  the	  first	  
metatarsals;	  F.	  Head	  of	  the	  right	  fourth	  metatarsal;	  G.1&2	  Proximal	  side	  and	  head	  of	  the	  right	  fifth	  
metatarsal;	  H.1-‐3	  Right	  first	  proximal	  phalanx,	  proximal	  side	  and	  head.	  
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C1  

C2  

C3  
Figure	  6.41	  (previous	  page)	  A.	  Left	  foot;	  B.	  Rght	  foot;	  (this	  page)	  C.1-‐3	  Left	  metatarsals,	  proximal	  
side	  and	  the	  heads;	  (next	  pages)	  D.	  Proximal	  ends	  of	  the	  right	  metatarsals;	  E.	  Left	  and	  right	  head	  of	  
the	  first	  metatarsals;	  F.	  Head	  of	  the	  right	  fourth	  metatarsal;	  G.1&2	  Proximal	  side	  and	  head	  of	  the	  
right	  fifth	  metatarsal;	  H.1-‐3	  Right	  first	  proximal	  phalanx,	  proximal	  side	  and	  head.	  
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D  

E   

F  
Figure	  6.41	  (previous	  pages)	  A.	  Left	  foot;	  B.	  Rght	  foot;	  C.1-‐3	  Left	  metatarsals,	  proximal	  side	  and	  the	  
heads;	  (this	  page)	  D.	  Proximal	  ends	  of	  the	  right	  metatarsals;	  E.	  Left	  and	  right	  head	  of	  the	  first	  
metatarsals;	  F.	  Head	  of	  the	  right	  fourth	  metatarsal;	  (next	  page)	  G.1&2	  Proximal	  side	  and	  head	  of	  
the	  right	  fifth	  metatarsal;	  H.1-‐3	  Right	  first	  proximal	  phalanx,	  proximal	  side	  and	  head.	  
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G1  G2  

H1  H2   

H3  
Figure	  6.41	  	  A.	  Left	  foot;	  B.	  Right	  foot;	  C.1-‐3	  Left	  metatarsals,	  proximal	  side	  and	  the	  heads;	  D.	  Proximal	  
ends	  of	  the	  right	  metatarsals;	  E.	  Left	  and	  right	  head	  of	  the	  first	  metatarsals;	  F.	  Head	  of	  the	  right	  fourth	  
metatarsal;	  G.1&2	  Proximal	  side	  and	  head	  of	  the	  right	  fifth	  metatarsal;	  H.1-‐3	  Right	  first	  proximal	  
phalanx,	  proximal	  side	  and	  head.	  	  
  
 
 
 

6.6. Set	  of	  Diagnostic	  Criteria	  and	  Differential	  Diagnosis	  

of	  Potential	  Rheumatoid	  Arthritis	  Cases	  

This following section provides an evaluation of the cases presented above in 

relation to the “set of diagnostic criteria”-table that was presented in the methodology 

section. In Table 6.1 the appearance of the disease, location of degeneration, and the 

presence of degenerative features that would question a rheumatoid arthritis diagnosis. 

The utility of the table for creating a differential diagnosis will be discussed. 
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DCV10	  
SK12	  

FAO90	  
1151	  

SRP98	  
30910	  

SRP98	  
11371	   BuH	  2711	  

Sex	   Female	   Female	   Male	   Male	   Female	  

Age	   Old	  adult	   Old	  adult	   Old	  adult	   Middle	  
adult	  

Middle	  
adult	  

	   	  

Appearance:	   	  	  

Symmetrical	   V	   V	   V	   V	   V	  
Erosive	  lesions	   V	   V	   V	   V	   V	  
Non-‐proliferative	   V	   V	   X	   X	   V	  
No	  Sacroilliac	  changes	   V	   V	   V	   V	   V	  
Erosions	  in	  cervical	  vertebrae	   V	   X	   X	   X	   V	  
Ankylosis	  in	  carpals/tarsals	   X	   X	   X	   X	   X	  
Osteopaenia	   V	   V	   X	   X	   X	  
Subluxation	  	   ?	   ?	   ?	   ?	   ?	  

	  	  

Location:	   	  	  

Carpals	   V	   V	   X	   X	   X	  
MCP	   V	   V	   X	   V	   V	  
PIP	  hands	   V	   V	   X	   V	   V	  
Tarsals	   X	   X	   V	   X	   V	  
MTP	   X	   V	   V	   X	   V	  
PIP	  feet	   X	   V	   X	   X	   V	  
Knee	   X	   X	   X	   V	   X	  
Shoulder	   X	   X	   X	   V	   V	  
Elbow	   V	   V	   X	   V	   V	  
Cervical	  Spine	   V	   X	   X	   X	   V	  
TMJ	   V	   X	   X	   V	   V	  
Uncommon	  axial	  involvement	   V	   V	   X	   V	   V	  

	  	  

Uncertain	  diagnosis:	   	  	  

Spinal	  fusion	   NO	   NO	   NO	   NO	   YES	  
Sacroilliac	  fusion	  or	  inflammation	   NO	   NO	   NO	   NO	   NO	  
Fusion	  of	  carpals	  or	  tarsals	  with	  
reactive	  bone	   NO	   NO	   NO	   NO	   NO	  

Absence	  of	  carpals,	  metacarpals	  or	  
hand	  phalanges	   NO	   NO	   YES	  	   NO	   NO	  

Extensive	  new	  bone	  formation	   NO	   NO	   NO	   NO	   NO	  
Table	  6.1	  The	  set	  of	  diagnostic	  criteria	  applied	  to	  the	  potential	  rheumatoid	  arthritis	  cases	  examined	  
here	  (V=	  present	  and	  X=	  absent).	  
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In general, joint diseases are subdivided into two main categories: proliferative 

(osteoarthritis and diffuse idiopathic skeletal hyperostosis) and erosive (erosive 

osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, reactive arthropathy and 

psoriatic arthritis and gout) (Waldron 2012, 514). Proliferative and erosive disorders can 

occur together; for example eburnation can occur in a joint eroded by rheumatoid 

arthritis, but osteophytes will not be very common in rheumatoid arthritis (Ortner 2003, 

562; Waldron 2009, 39-40).  Table 6.2 presents an overview of the joint diseases listed 

above and their characteristics for diagnosis. Each case presented in the previous 

sections of this chapter is examined according to the set of diagnostic criteria and the 

differential diagnosis table in order to present a probable diagnosis. 

 

Table	  6.2:	  DIFFERENTIAL	  DIAGNOSES	  
Pathological	  
condition	   Diagnostic	  features	  

Osteoarthritis	  

-‐	  Proliferative	  
-‐	  Marginal	  osteophytes,	  new	  bone	  on	  joint	  surface,	  joint	  
contour	  change,	  porosity,	  eburnation	  
-‐	  Slightly	  more	  females	  in	  older	  ages	  

DISH	  

-‐	  Proliferative	  
-‐	  Joint	  margins	  and	  entheses	  
-‐	  Candlewax-‐like	  appearance	  of	  osteophytic	  growth	  in	  the	  
spine	  
-‐	  More	  common	  in	  males	  

Erosive	  osteoarthritis	  

-‐	  Erosive	  
-‐	  Confined	  to	  hands	  
-‐	  Erosions	  in	  the	  centre	  of	  small	  joints	  
-‐	  Ankylosis	  
-‐	  Gull-‐wing	  or	  saw-‐tooth	  appearance	  in	  DIP	  
-‐	  Eburnation	  in	  DIP	  along	  with	  erosions	  

Rheumatoid	  arthritis	  

-‐	  Erosive	  
-‐	  Symmetrical	  
-‐	  Marginal	  erosions	  
-‐	  Almost	  no	  proliferation	  of	  new	  bone	  
-‐	  Sacroiliac	  joints	  not	  affected	  
-‐	  No	  spinal	  fusion	  
-‐	  Hands,	  feet,	  wrist,	  ankles,	  elbow,	  knee	  and	  cervical	  spine	  
-‐	  Ankylosis	  is	  uncommon	  
-‐	  More	  common	  in	  females	  

Table	  6.2	  Characteristics	  of	  the	  diseases	  used	  in	  differential	  diagnoses,	  based	  on	  information	  from	  Lee	  
Cothran	  and	  Martinez	  (2004,	  87	  table	  7.1),	  Gladman	  (2008,	  1-‐14),	  Ortner	  (2003)	  and	  Waldron	  (2009,	  
2012).	  
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Table	  6.2	  (continued):	  DIFFERENTIAL	  DIAGNOSES	  
Pathological	  
condition	   Diagnostic	  features	  

Ankylosing	  spondylitis	  

-‐	  Erosive	  
-‐	  Bilateral	  inflammation	  of	  sacroiliac	  joints	  
-‐	  Spinal	  fusion	  starts	  from	  the	  sacrum	  
-‐	  No	  skip	  lesions	  
-‐	  Enthesitis	  
-‐	  Sacroiliac	  joints,	  joints	  of	  the	  spine,	  costovertebral	  joints,	  
hips	  and	  shoulders	  
-‐	  More	  common	  in	  males	  
-‐	  Reactive	  bone	  formation	  
-‐	  Ankylosis	  
	  

Reactive	  arthritis	  

-‐	  Erosive	  
-‐	  Asymmetrical	  
-‐	  Inflammation	  of	  sacroiliac	  joints	  (asymmetrical)	  
-‐	  Spinal	  fusion	  
-‐	  Skip	  lesions	  in	  the	  spine	  
-‐	  Enthesitis	  
-‐	  Prominent	  enthesitis	  at	  calcaneus	  
-‐	  Proliferation	  is	  common,	  especially	  inter	  alia	  on	  the	  
metatarsal	  shafts	  
-‐	  Affects	  the	  lower	  extremities	  more	  commonly	  
-‐	  More	  common	  in	  men	  
	  

Psoriatic	  arthritis	  

-‐	  Erosive	  
-‐	  Sacroiliac	  joints	  and	  spine	  are	  affected	  
-‐	  Skip	  lesions	  are	  present	  
-‐	  More	  commonly	  occurs	  in	  upper	  extremities	  
-‐	  Marginal	  erosions	  that	  spread	  to	  centre	  of	  joint	  
-‐	  DIP	  are	  commonly	  affected,	  with	  resorption	  of	  distal	  tuft	  
-‐	  Pencil-‐in-‐cup	  lesions	  
-‐	  Proliferation	  is	  common,	  especially	  on	  metacarpal	  or	  
metatarsal	  shafts	  
-‐	  Enthesitis	  
-‐	  Bony	  ankylosis	  
-‐	  Usually	  bilateral	  sacroiliac	  joint	  involvement,	  but	  any	  type	  
can	  be	  present	  
-‐	  5	  different	  subsets,	  most	  common	  are:	  asymmetric	  
oligoarthritis	  and	  symmetric	  arthritis	  similar	  to	  rheumatoid	  
arthritis	  
-‐	  Cervical	  spine	  can	  be	  affected	  
-‐	  Equal	  in	  males	  and	  females	  
	  

Table	  6.2:	  Characteristics	  of	  the	  diseases	  used	  in	  differential	  diagnoses,	  based	  on	  information	  from	  
Lee	  Cothran	  and	  Martinez	  (2004,	  87	  table	  7.1),	  Gladman	  (2008,	  1-‐14),	  Ortner	  (2003)	  and	  Waldron	  
(2009,	  2012).	  
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Table	  6.2	  (continued):	  DIFFERENTIAL	  DIAGNOSES	  
Pathological	  
condition	   Diagnostic	  features	  

Gout	  

-‐	  Erosive	  
-‐	  1st	  metatarsophalangeal	  joint	  
-‐	  Well-‐defined,	  oval	  or	  round	  erosions	  along	  the	  long	  axis	  of	  
the	  bone	  
-‐	  Erosions	  occur	  in	  any	  position	  on	  or	  around	  the	  articular	  
surface	  
-‐	  Often	  have	  an	  overhanging	  edge,	  a	  Martel	  hook	  
-‐	  asymmetric	  
-‐	  Affects	  foot,	  ankle,	  knee,	  hand	  and	  wrist	  
-‐	  More	  commonly	  affects	  males	  	  
	  

Table	  6.2	  Characteristics	  of	  the	  diseases	  used	  in	  differential	  diagnoses,	  based	  on	  information	  from	  Lee	  
Cothran	  and	  Martinez	  (2004,	  87	  table	  7.1),	  Gladman	  (2008,	  1-‐14),	  Ortner	  (2003)	  and	  Waldron	  (2009,	  
2012).	  
	  

In the case of the old adult female, DCV10 Sk12, the ‘appearance’ boxes for the 

rheumatoid arthritis set of diagnostic criteria are all checked positively and the absence 

of ankylosis assisted in the diagnosis (Table 6.1.). The presence of erosive lesions 

excluded the proliferative conditions, but a area patch of secondary osteoarthritis was 

present on the head of the left humerus. The absence of pathology in the sacroiliac 

joints and the spine meant that conditions such as ankylosing spondylitis and reactive 

arthritis were excluded. Due to the symmetrical nature of the erosive lesions in DCV10 

Sk12, gout was also excluded. This left the potential diagnoses of erosive osteoarthritis, 

rheumatoid arthritis and the rheumatoid variant of psoriatic arthritis. In the set of 

diagnostic criteria table (6.1.) section on location of lesions it was clear that multiple 

joints were affected and the erosions were not restricted to the hands, meaning that 

erosive osteoarthritis was also excluded as a diagnosis (Table 6.2). This left psoriatic 

arthritis and rheumatoid arthritis as potential diagnoses. Clinical research has indicated 

that there were similarities between the pathological expressions of psoriatic arthritis 

and rheumatoid arthritis. For psoriatic arthritis the importance of enthesitis and DIP 

pencil-in-cup deformities has been highlighted (McGonagle et al. 1999, 1085; Schett et 

al. 2011; Schoellnast et al. 2006, 354; Taylor et al. 2006, 2666). On the basis of the 

absence of enthesitis and DIP pencil-in-cup deformities in DCV10 SK12 psoriatic 

arthritis can be excluded as a differential diagnosis. However, even experienced 

rheumatologists have difficulties in distinguishing between the rheumatic variant of 

psoriatic arthritis and true rheumatoid arthritis. Thus, in palaeopathology it is possible to 

state whether a “case” of psoriatic arthritis belongs to the asymmetric oligoarthritis 
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variant, but it was difficult to make the differentiation for the rheumatic variant 

(McGonagle et al. 1999, 1080; Schoellnast et al. 2006, 351). Finally, all the questions in 

the uncertain diagnosis section of the set of diagnostic criteria were answered negatively, 

and it is thus possible to state that the old adult female DCV10 Sk12 was likely affected 

by rheumatoid arthritis. 

The old adult female FAO90 1151 from Lower St Brides had already been 

diagnosed with rheumatoid arthritis by Waldron et al. (1994, 165). The reason for re-

examination of the skeleton was to gather more photographic evidence of the lesions 

and to be able to assess the skeleton personally and put the individual into the set of 

diagnostic criteria. In the ‘appearance’ section there was a positive association with 

almost every criterion positive for a rheumatoid arthritis diagnosis, aside from ankylosis. 

Cervical erosive lesions were absent, which is not unusual, as 60-80% of individuals 

with rheumatoid arthritis develop signs or symptoms related to cervical erosions 

(Resnick and Kransdorf 2005, 240). The symmetrical erosive lesions in the hands and 

feet of individual FAO90 1151 and the absence of enthesitis and sacroiliac lesions made 

for a good case of rheumatoid arthritis and excluded gout, reactive arthritis, ankylosing 

spondylitis, asymmetric psoriatic oligoarthritis and erosive osteoarthritis. Once again 

the rheumatoid variant of psoriatic arthritis was another option, but the absence of 

enthesitis and involvement of the DIP hand joints potentially excluded this diagnosis. 

Thus, the diagnosis of rheumatoid arthritis can also be confirmed in the case of FAO90 

1151. 

SRP98 30910 was an old adult male with symmetrical erosive lesions in the foot 

and osteonecrotic lesions in the right head of the humerus and the left third metacarpal. 

No sacroiliac lesions were observed, but there were proliferative lesions present in the 

spine and surrounding some of the bones. The location of erosions could only be 

ascertained in the tarsals and MTP joints as there was fusion in the intermediate and 

distal interphalangeal joint of the fourth or fifth toe. Diagnosis remained uncertain due 

to the fact that most of the hand bones were absent and no real erosions could be 

observed in the hand bones that were present. Due to the absence of enthesitis, 

sacroiliac inflammation and fusion of the spine, it was not possible to assign a diagnosis 

of any of the seronegative spondyloarthropathies to this individual. Rheumatoid arthritis 

was a difficult diagnosis to make due to the negative correlations in the “set of 

diagnostic criteria”-table, but the fact that the erosive lesions were present in the fifth 

metatarsal could suggest early rheumatoid arthritis (Lee Cothran and Martinez 2004, 86; 

Van der Heijde 2004, 92). The presence of erosive osteoarthritis and psoriatic arthritis 



 328 

could not be ascertained due to the absence of the DIP joints of the hands. Finally, gout 

would be a likely candidate due to the shape and location of the lesions and the 

demographic profile, but gout more commonly occurs asymmetrically, which was not 

the case in individual SRP98 30910. This leads to the conclusion that the old adult male 

individual SRP 98 30910 could have been suffering from early rheumatoid arthritis, but 

there was not enough evidence to make this statement with any certainty. 

Individual SRP98 11371 was a middle adult male who had symmetrical erosive 

lesions without sacroiliac changes and no spinal fusion. There was an absence of 

osteopaenia and erosions in the cervical vertebrae. No ankylosis was present, which 

favours a rheumatoid arthritis diagnosis. Lesions were found in the 

metacarpophalangeal and proximal interphalangeal joints and also in the knee, shoulder 

and elbow joints and in the temporomandibular joint. The location of the lesions was 

positive for a rheumatoid arthritis diagnosis. Finally all the “uncertain diagnosis” 

questions were answered negatively, thus indicating a potential for rheumatoid arthritis. 

Osteoarthritis, DISH and erosive osteoarthritis were discarded from the potential 

diagnosis, due to the fact that this condition was clearly erosive and not confined to the 

hands. Ankylosing spondylitis, reactive arthritis and asymmetric psoriatic oligoarthritis 

were eliminated as well, due to the fact that the sacroiliac joints were not affected by 

inflammation and there was no spinal fusion or enthesitis present. Due to the absence of 

foot bones it was not possible to diagnose gout, but with the symmetrical nature of the 

lesions it was possible to assume that gout is not a diagnosis. Thus, it was possible to 

make a tentative diagnosis of rheumatoid arthritis in individual SRP98 11371. 

Individual BuH 2711 was a middle adult female who had symmetrical erosive 

lesions with non-proliferative degeneration and erosions in the cervical vertebrae. The 

absence of osteopenia could be explained due to the fact that this individual was placed 

in the middle adult age category and the osteopenia had potentially not yet developed. 

Aside from the knee, all the usual locations for erosive lesions in rheumatoid arthritis 

were symmetrical. However, the ‘uncertain diagnosis’ section casts doubt upon the 

diagnosis of rheumatoid arthritis due to the fact that there was spinal fusion present in 

this individual in the second and third cervical, the sixth and seventh thoracic, and the 

fourth and fifth lumbar vertebrae. Inflammation was absent in the sacroiliac joint. 

Degeneration in the elbow was not symmetrical and only affected the left radius and 

ulna. The appearance of the erosive lesions on the distal radii was also unusual and 

affected the entire joint surfaces. The DIP joints of the hand were not affected by 

degeneration, and erosive lesions were restricted to MCP and PIP joints on the hands. 
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Only the first DIP joint in the right foot was affected by erosive lesions and the PIP and 

MTP joints of the feet were symmetrically affected. Osteoarthritis and DISH were 

discarded as diagnoses due to the erosive nature of this affliction. The erosive lesions 

were widespread throughout the body, and thus erosive osteoarthritis was not a potential 

diagnosis. Ankylosing spondylitis and reactive arthritis were also discarded due to the 

absence of sacroiliac inflammation, no enthesitis and the location of the lesions. Gout 

was also not a likely contender, due to the absence of the characteristic well defined 

round first metatarsophalangeal lesions. This left the potential diagnoses of rheumatoid 

arthritis and the rheumatoid variant of psoriatic arthritis. The fact that in psoriatic 

arthritis the upper extremities are more commonly affected, and the absence of lesions 

in the DIP joints of the hand along with the absence of enthesitis and sacroiliac joint 

lesions, made it an unlikely diagnosis. However, the rheumatoid arthritis diagnosis was 

not certain either because of fusion in the spine of certain vertebral bodies and the 

unusual “look” of the erosive lesions on the distal radii. Clinical studies indicate that 

while thoracic and lumbar involvement of the spine is unusual, there is a possibility of 

compression fractures to occur in the spine due to osteoporosis, but fusion of the 

cervical spine could also indicate psoriatic arthritis (Kent and Matteson 2004, 15). 

There was no straightforward way to diagnose this individual and, at present, a tentative 

diagnosis of rheumatoid arthritis was proposed for individual BuH 2711. 

This chapter has provided an in-depth overview of the five skeletons selected for 

this study. Three individuals were diagnosed with rheumatoid arthritis and two were 

potentially affected. The following chapter focuses on the discussion of the 

osteoarthritis results and Chapter 9 discusses the rheumatoid arthritis results. The 

osteoarthritis discussion chapter focuses on the interpretation of the results by 

correlating and comparing them to clinical, biomechanical and palaeopathological 

research.  In Chapter 9 a comparative study is conducted on the individuals analysed 

here and the published data in order to identify similar palaeopathological features of 

the disease that may be used to identify the disease in the future. Additionally, the 

debate on the history of rheumatoid arthritis will be revisited, and the potential for 

integrating clinical advancements into the palaeopathological analysis of the disease is 

also examined. 
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Chapter	  7. Discussion	  of	  the	  Patterns	  Related	  to	  

Osteoarthritis	  
This chapter interprets and discusses the results from the osteoarthritis research, 

adopting an interdisciplinary approach in order to contextualize these findings. The 

main topics include a critical analysis of preservation levels and their potential effect on 

the demographic profile of the sample populations studied, followed by a number of 

sections concerned with the multifactorial aetiology of osteoarthritis. Topics will 

include a reconsideration of the geographical location of individuals with osteoarthritis, 

an in-depth study of the risks, causes and impact of the disease today compared to the 

results obtained in this project, the importance of sex and age in osteoarthritis research, 

and the impact of compartmental style recording on the information that can be gathered 

from the results. A separate section is devoted to the hands and feet and an 

interdisciplinary approach is applied to these skeletal elements in order to gain new 

information from them. The penultimate section of this chapter provides an explanation 

for the differential distribution of pathological lesions in the ball-and-socket and the 

hinge joints. Finally the future directions for osteoarthritis research will be outlined.  

 

7.1. Critical	  Discussion	  of	  the	  Prevalence	  Rates	  and	  

Demographic	  Profile	  of	  the	  Analysed	  Populations	  

This part of the discussion focuses on the importance of the demographic profile 

and preservation of the research sample in relation to studies of osteoarthritis (Wood et 

al. 1992; Cohen et al. 1994). It also briefly discusses the issue of age and its relation to 

osteoarthritis. 

The skeletal sample under examination was inherently biased from the start, 

firstly due to the fact that cemetery populations rarely provide a representative sample 

of the living population and, secondly, because preservation has an impact on the 

skeletal material that is available for study (Bello et al. 2006, 24;Cohen et al. 1994, 632; 

Duday 2009; Gowland 2007, 161-2; Milner and Boldsen 2012, 269; Milner et al. 2008, 

563; Wood et al 1992, 344-5; Wright and Yoder 2003, 44). Other biases may be found 

in the sex- and age-estimation methods (as stated in Chapter 5), with gracile young adult 

males sometimes misidentified as female and old adult females classified as males due 

to age-related skeletal changes (Gowland 2007, 164; Milner and Boldsen 2012, 278; 
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Walker et al. 1995, 36; Wright and Yoder 2003, 47). The author decided to test whether 

there was a potential bias present in this study (Table 5.3 and Figure 5.1).  

As was shown in Chapter 5 there were more females than males in the sample in 

general, but this difference was more marked in the young adults. Fisher’s Exact tests 

only showed statistically significant relationships between sex and age in the Fewston 

population, which could suggest that a small bias in the sex estimation could have been 

present here. The use of a multitude of skeletal sex markers thus did not eliminate the 

bias completely, but it can correct it somewhat (Milner and Boldsen 2012, 278; Wright 

and Yoder 2003, 47). It was also important to take into account that a recovery bias 

could be at the root of this problem but unfortunately it was not possible to control for 

this in the analysis. When the results were analysed at a rural and urban population level 

the small bias in the young adult age category remained but was no longer statistically 

significant. In the rural/urban analysis there were slightly more males than females and 

this was only statistically significant in the rural population sample. It was thus possible 

to conclude that there was always potential for bias in the demographic make-up of the 

population sample and this could only be remedied by the development of more 

accurate age and sex estimation techniques. At the moment the palaeopathologist can 

only use as many skeletal markers for sexing and ageing as preservation allows and test 

the demographic profile of the analysed sample for any anomalies. 

The differential preservation of the joints (presented in the previous chapter) 

highlighted some interesting patterns. Of the main or “large”, joints only the 

acromioclavicular joints had a low preservation level, below 50%. This could be due to 

the fact that the anatomical position of this joint in a supine burial, along with its gracile 

nature, predisposed it to destruction after burial (Duday 2009, 45-46; Duday and 

Guillon 2006, 127, 129). All of the other large joints had a good level of preservation, 

with the exception of the small joints of the hands and feet. For the latter, size appeared 

to be a factor in their preservation. In future research it would be interesting to conduct 

an examination of the preservation levels of the joints to deduce whether there are any 

temporal or regional patterns that could be related to the burial environment and 

practices. 

The problems with age estimation are highlighted in many other works and are 

well known to osteologists (Bass 2005; Jurmain 1999; Larsen 1997; Mays 1998; Milner 

and Boldsen 2012; Milner et al. 2008; Roberts 2009; Usher 2002; Waldron 2007a; 

White and Folkens 2005). In the skeletal sample it was clear that there were a majority 

of middle adults followed closely by old adults. The number of young adults in the 
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sample was higher in the urban (21.4%) than in the rural sites (12.8%). This could be 

due to preservation, but could also indicate that young adults in the urban environment 

were more at risk of dying than in the rural environment. The fact that the percentages 

of middle and old adults were similar can be related to the problem of accurate age 

estimation in the older age ranges. It is known in osteology that there tends to be an 

underestimation of age for individuals in their fifties and above, but research has found 

that the reverse is true for individuals in their twenties (Gowland 2007, 157-8; Milner 

and Boldsen 2012, 272; Milner et al. 2008, 564; Walker et al. 1988). It is thus important 

that the reader keeps in mind that the age estimation methods used here are inherently 

biased, and as more accurate ageing methods are developed the demographic profile of 

this sample could change. This also presented difficulties when attempting to compare 

palaeopathological results with clinical studies, especially in an age-related disease such 

as osteoarthritis (Waldron 2012, 517). In the following sections this problem cannot be 

remedied, but a focus is placed on the information that can be derived from the clinical 

record and compared with palaeopathology. An in-depth understanding of osteoarthritis 

in clinical research can help in understanding the disease process observed in 

palaeopathology, regardless of age.  

In modern clinical data, radiographic changes related to osteoarthritis, were 

present in approximately 32.5% of people over 30 years of age, the majority of people 

over the age of 65 and in about 80% of people over 75 years. Other figures have stated 

that osteoarthritis is present in 7.6% of 18-44 year olds, 29.8% of 45-64 years olds and 

50% of the over 65 year olds (Arden and Cooper 2006, 1; Felson 2003, 9; Li et al. 2013, 

2; Loeser 2010, 371). The link between osteoarthritis and age is well known, but 

osteoarthritis is not an inevitable risk of ageing (it does not cause osteoarthritis), but the 

risks do increase as a person ages. The relationship between age and the disease is not 

linear, but the disease tends to become symptomatic after the age of 50, which is also 

when radiographic changes are more often observed (Croft 2005, iv27; Felson, 2003, 

11; Jordan 2007,1697; Li et al. 2013, 2; Nevitt 2006, 27; Pritzker 2003, 33; Resnick and 

Kransdorf 2005, 358; Shane Anderson and Loeser 2010, 15).  

Age (and sex) interact with other risk factors that contribute to the complex 

aetiology of osteoarthritis. This multifactorial origin has been explained by Shane 

Anderson and Loeser (2010, 16): “changes outside the joint and within the joint 

contribute to the development of osteoarthritis, when other osteoarthritis risk factors 

are also present”. Thus, despite the fact that age is considered one of the most 

important risk factors in primary osteoarthritis development, a multitude of other factors 
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must align in order to predispose a joint to symptomatic osteoarthritis and this was 

excellently explained by Loeser (2010, 372): “The relationship between aging and 

osteoarthritis is well known, but the mechanisms for how aging predisposes the joint to 

developing osteoarthritis are still not fully understood. … The concept that aging 

contributes to, but does not directly cause osteoarthritis, is consistent with the 

multifactorial nature of this condition and the disparity in which joints are most 

commonly affected.”  

As the results chapter showed, there was a steady rise in prevalence from young 

to middle and old adults in both DJC and osteoarthritis in all of the examined joints 

across all of the sites. The, sometimes, differential pattern between the middle and old 

adults can be attributed to the issues with ageing skeletal remains in palaeopathology, or 

perhaps due to other risk factors that further influence osteoarthritis prevalence in 

individuals. The rise of osteoarthritis with increasing age and in all of the joints is a 

pattern that can also be found in the modern clinical research (Arden and Cooper 2006, 

9; Nevitt 2006, 27). Over a person’s lifetime the joint is submitted to injury and assault 

from both local and systemic risk factors and the joint responds through an age-related 

dynamic reaction pattern that involves both the bone and the soft tissues. The so-called 

degenerative features that are observed are in fact either the results of an attempt at 

repair by the joint or the damage that added to the inflammation in the joint (Arden and 

Cooper 2006, 2). 

If osteoarthritis was simply a case of mechanics in the joint “gone wrong” 

(wear-and-tear), then it would be expected that all older adults would have osteoarthritis. 

However, as stated before, not all old adults have osteoarthritis symptoms even if the 

joint shows signs of osteophytes or joint space narrowing (Li et al. 2013, 1, 2; Loeser 

2013, 108-109; Loeser 2010, 371). The importance of bone changes to the joint cannot 

be underestimated. Cartilage does not have a nerve supply and this means that 

symptomatic osteoarthritis (pain) must be due to changes to both bone and the soft 

tissues surrounding the bone (Loeser 2013, 109-110; Shane Anderson and Loeser 2010, 

18). In palaeopathology only the osteological changes can be observed and thus no 

inferences can be made about symptomatic osteoarthritis; rather palaeopathology can 

give indications for radiographic osteoarthritis presence. Thus, while age is an expected 

and important risk factor in the degeneration of joints, one that shows similar patterns in 

both DJC and osteoarthritis, other risk factors are also involved in the development of 

symptomatic osteoarthritis and the influence of these tend to differ between the joints.  
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7.2. The	  Geographical	  Location	  of	  People	  with	  

Osteoarthritis	  

One of the research questions stated in Chapter 1 was to examine whether 

osteoarthritis patterns differed between rural and urban populations in the North of 

England and to compare these with published data from sites in the South of the country. 

The north of England has not previously been the subject of extensive research for 

osteoarthritis prevalence, and due to the methodology employed here (osteoarthritis and 

DJC) it is difficult to conduct comparative research.  

Geographical differences are most likely related to factors such as sex, age, 

genetics, ethnicity, obesity, joint injury, certain types of activity, and so forth, as 

osteoarthritis occurs in all populations across the world (Felson 2003, 9; Nevitt 2006, 

26). Thus, simply assigning the observed differences to a rural or urban environment 

does not take into account the multifactorial aetiology of joint degeneration. Clinical 

studies have examined the differences between rural and urban environments, usually 

with a focus on occupational related activity and the differentiation between 

farming/rural and urban areas (Croft 2005, iv28; Felson 1994, 64; Van Saase et al. 1989, 

271). This thesis does not place a focus on activity, yet the differences between rural 

and urban environments are a potential gateway to examine other significant factors.  

Several interesting patterns have emerged from Chapter 5 with regards to the 

rural and urban samples in terms of the TPRs for DJC and osteoarthritis. The combined 

TPRs have indicated that DJC percentages were higher in the urban sample in the 

acromioclavicular, glenohumeral, medial patellofemoral and lateral tibiofemoral joints, 

but in the other joints the levels were similar between the rural and urban populations. 

Osteoarthritis tended to occur more in the rural sample with the exception of the medial 

patellofemoral joint. The specific joints that were most affected were similar between 

the rural and urban sites for DJC and for osteoarthritis. DJC occurred most in the hip 

and least in the lateral elbow in both the rural and urban populations. The most variable 

patterns for DJC were observed in the medial elbow and the tibiofemoral and 

patellofemoral compartments. Osteoarthritis prevalence was highest in the lateral elbow 

for both the rural and urban sites, but aside from this observation there were no other 

patterns observed for osteoarthritis. This would suggest that there are different 

predisposing factors working on the development of DJC and osteoarthritis in the rural 

and urban populations. While it is possible to argue that osteoarthritis is the progression 

of DJC, the latter can be present without any signs of osteoarthritis (Li et al. 2013, 1, 2; 
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Loeser 2013, 108-109; Loeser 2010, 371). This, along with the differential patterns in 

the rural and urban samples, indicates that DJC and osteoarthritis could be related to 

different risk factors and should be examined separately in palaeopathology. 

 In Table 7.1 a comparison is presented between the examined northern and 

published southern sites. It is interesting to observe that the patterns between DJC and 

osteoarthritis in the north are quite different from the patterns in the south. Waldron’s 

studies (1991; 1992; 1995) consistently state that the shoulder is most affected. This 

pattern can be ascribed to the fact that the glenohumeral and acromioclavicular joints 

were analysed together as one compartment and that the lesions indicating both 

osteoarthritis and DJC were combined. It is thus difficult to make any deductions from 

this, aside from the fact that in the northern populations the hip (DJC) and the lateral 

elbow (osteoarthritis) were more affected, whereas in the southern populations the 

shoulder was more commonly affected. 

 
Northern	  Sites	   Southern	  Sites	  

	   Waldron	  
1991	  

Waldron	  
1992	  

Waldron	  1995	  

DJC	  	  	  
(rural	  
and	  

urban)	  

OA	  (rural)	  
OA	  

(urban)	  

Christchurch
,	  Spitalfields	  

(Post-‐
Medieval)	  

Royal	  Mint,	  
Black	  Death	  
(Medieval)	  

Pre-‐
Medieval	   Medieval	  

Post-‐
Medieval	  

Hip	   Lateral	  
elbow	  

Lateral	  
elbow	  

Shoulder	   Shoulder	   Shoulder	   Shoulder	   Shoulder	  

TMJ	  
AcrClav	  
GlenHum	  

Hip/PatFem	   TibFem/	  
AcrClav	  

Knee	   Knee	   Hip	   Hip	   Knee	  

	   	   Hip	   Hip	  
TMJ	  
Elbow	  
Knee	  

Knee	   TMJ	  
	   	   TMJ	   Elbow	   Elbow	   Hip	  

Lateral	  
elbow	   	   	   Elbow	   	   TMJ	   Elbow	  

Table	  7.1	  Distribution	  of	  degeneration	  between	  different	  joints	  in	  a	  range	  of	  populations	  
 

When examining which joints were most affected between the sexes, DJC 

showed that there was a similar pattern between rural and urban males or between rural 

and urban females. On the left side rural and urban males had more DJC in the hip, 

while rural and urban females had more DJC in the temporomandibular joint. In the 

right joints males from both environments had the highest levels of DJC in the 

acromioclavicular joint, whereas in females the acromioclavicular joint and the hip were 

affected. These patterns were similar, to a certain extent, to that found in individuals 

from Post-Medieval Christchurch Spitalfields, London (Waldron 1991), where both 

males and females were more affected in the acromioclavicular joint. When examining 

the age-related DJC patterns for the rural and urban joints the patterns for middle and 
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old adults were similar between the left and right side and between the rural and urban 

sites. The similarities that were observed for DJC when correlating it with sex and age 

would suggest that rural or urban environments did not influence DJC patterns.  

The relationship between the sexes and osteoarthritis indicated different patterns 

to those observed for DJC. While in DJC similarities between the rural and urban sites 

were observed, for osteoarthritis the patterns between rural and urban populations were 

divergent. Rural males had high levels of osteoarthritis in only a few joints, mainly the 

lateral elbow and the hip, whereas urban males had lower levels but more variety in the 

distribution of affected joint sites. Rural females were most affected in the lateral elbow 

and the lateral patellofemoral joint and tended to have more joint sites affected than the 

urban females. There were also differences observed between the joints affected by 

osteoarthritis on the left and right sides. This was also the case for the age ranges, where 

lateral elbow and the patellofemoral joints were most affected in the middle and old 

adults. Thus, while similar joint sites were affected by osteoarthritis, the percentages 

indicated different prevalence levels of the disease in the rural and urban samples. This 

could suggest that osteoarthritis patterns and prevalence are variable between the rural 

and urban environments, which could indicate a more complex interaction of risk 

factors.    

In Chapter 5 the rural sample consisted of Fewston and Barton-upon-Humber; 

but the prevalence rates were often dominated by the latter site. A closer examination of 

Barton-upon-Humber’s context showed that there were both rural and urban aspects to 

the environment during the Victorian and Georgian periods. The following discusses 

whether the prevalence levels for people from Barton-upon-Humber separately are more 

comparable to the analysed rural or urban sample (Figure 7.1 and Figure 7.2).  

The prevalence rates employed for the following figures were based, for the 

“rural sample”, on site specific TPRs, and, for the “urban sample”, on the urban TPRs 

for the total sample. Despite the fact that there were joint specific differences observed, 

the DJC TPRs of Barton-upon-Humber were more similar to the urban populations 

(Figure 7.1). However, aside from a few joints, such as the glenohumeral and the right 

acromioclavicular joints, the levels of DJC prevalence were actually similar between the 

populations, which would indicate that the rural/urban divide did not have a large 

influence on the presence of osteoarthritis in the North of England.  
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Figure	  7.1	  The	  TPRs	  of	  DJC	  in	  the	  Fewston,	  Barton-‐upon-‐Humber	  and	  urban	  (Hanging	  Ditch,	  Coach	  
Lane	  and	  Coronation	  Street)	  population	  samples.	  
 

 DJC levels did not differ greatly between the rural and urban populations, even 

when creating a separate category for Barton-upon-Humber. However the prevalence 

rates for osteoarthritis did show different patterns for each environment (Figure 7.2). 

None of the osteoarthritis prevalence percentages seemed to indicate specific patterns 

that could be related to the rural or urban environment, with the exception of two 

outliers. The high levels of osteoarthritis in the lateral elbow in Barton-upon-Humber 

were interesting, as they could suggest particular intrinsic and extrinsic predisposing 

factors.  

 
Figure	  7.2	  The	  TPRs	  of	  osteoarthritis	  in	  the	  rural	  (Fewston),	  rural/urban	  (Barton-‐upon-‐Humber)	  and	  
urban	  (Hanging	  Ditch,	  Coach	  Lane	  and	  Coronation	  Street)	  population	  samples.	  
 

The high levels of hip osteoarthritis in the rural sample could be attributed to 

several reasons. Firstly, studies of Icelandic rural populations have shown that there was 
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a high genetic component for hip osteoarthritis in rural populations (Ingvarsson et al. 

2000, 2785; Ingvarsson et al. 2001, 2548). Secondly, clinical studies associated higher 

levels of hip osteoarthritis in rural populations with farming-related activities (Coggon 

et al. 1998, 62-3; Cooper et al. 1998, 521; Felson 1994, 65-7; Thelin and Holmberg 

2007, 607; Thelin et al. 2004, 208). Finally, this study followed the guidelines of 

Mitchell and Redfern (2011, 480) in order to identify congenital hip dysplasia and 

subluxation, but some could potentially have been included in the sample if the 

osteological markers were not pronounced. The importance of identifying such cases 

lies in the fact that congenital hip dysplasia or subluxation can cause osteoarthritis to 

occur, and secondary or non-specific osteoarthritis is not included in this study. It was 

interesting to note that only the left side had a high level of osteoarthritis in the rural 

sample, whereas in the right side the prevalence percentages between the urban and 

rural sites were more closely related. The latter fact would suggest that intrinsic factors 

are responsible for the patterns observed here and that environmental factors perhaps 

played a smaller part in osteoarthritis development. 

The latter results not only highlight the importance of recording and considering 

joints separately, but also the absolute need to make a distinction between DJC and 

osteoarthritis. The similarities between DJC prevalence in the populations and the 

differences in the osteoarthritis prevalence percentages were difficult to explain, but 

could be due to intrinsic and extrinsic factors. One could speculate that the fact that DJC 

prevalence is similar could indicate that the risk factors involved in its initiation were 

not dictated by variable extrinsic factors, but rather that the intrinsic factors, such as sex, 

age, or biomechanical response, might have had a stronger influence on their prevalence. 

The differential patterns observed in osteoarthritis prevalence could indicate that a more 

complex interaction of intrinsic and extrinsic factors are involved in its prevalence.  

The latter theory did not suggest that DJC presence was a precursor to 

osteoarthritis, as clinical evidence shows that the presence of radiographic changes did 

not necessarily indicate symptomatic osteoarthritis.  However, the presence of DJC in a 

joint does suggest that it had been stressed, whereas in osteoarthritis the intrinsic and 

extrinsic factors have acted upon the stressed joint in such a manner that osteoarthritis is 

the result (Felson et al. 2000, 636; Lawrence et al. 1966, 1; O'Reilly and Doherty 2003, 

197; Pereira et al. 2011, 1270; Rogers et al. 2004, 452; Watson Buchanan and Kean 

2002, 6). This would then indicate that geographic environment is merely one of the 

many factors that influences DJC and osteoarthritis development.  
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 Comparative research using existing published sources is extremely difficult in 

bioarchaeology, due to the large variety of recording methods, including the differential 

manner of recording the separate joints and the divergent palaeopathological definitions 

of osteoarthritis. The published analyses of several contempory sites were examined, 

but the best comparative material was found in four urban populations from London: St 

Mary’s and St Michael’s, Bow Baptist, Sheen’s burial ground and St Marylebone 

(Henderson 2013, CD Table 15; Miles et al. 2008, 138; Table 7.2). Only the 

osteoarthritis prevalence percentages of the examined sites have been included in Table 

7.2, as the DJC TPRs were significantly higher that the published TPRs and would have 

presented a skewed representation. The levels of osteoarthritis in the northern urban 

populations were very similar to the St Mary’s and St Michael’s, the Bow Baptist and 

the Sheen’s burial ground populations from urban London, which could indicate that 

environmental factors might not have played a major role in the development of the 

disease in these populations The prevalence figures for St Marylebone, however, were 

low. The results and comparative research have indicated that there is no 

straightforward relationship between osteoarthritis and either rural or urban 

environments, but that there were joint-specific differences.  

 

	   	   Fewston	   BuH	   Urban	  
St	  Mary's	  
and	  St	  

Michael's	  

Bow	  
Baptist	  

Sheen's	  
burial	  
ground	  

St	  
Marylebone	  

AcrClav	  
L	   	   	   1.7	   0.9	   1.3	   1.0	   3.6	  
R	   	   3.0	   1.8	   1.5	   1.3	   	   0.8	  

GlenHum	  
L	   2.4	   	   	   0.9	   1.0	   	   	  
R	   	   	   0.4	   1.2	   0.5	   	   	  

Med	  Elb	  
L	   	   	   0.4	   0.8	   0.5	   	   	  
R	   	   	   	   1.2	   0.5	   	   	  

Lat	  Elb	  
L	   	   7.6	   2.7	   3.0	   1.6	   	   1.4	  
R	   5.3	   5.3	   3.0	   1.3	   2.6	   3.6	   1.4	  

Hip	  
L	   8.2	   1.9	   1.1	   1.3	   	   	   1.2	  
R	   1.7	   2.9	   1.1	   2.1	   2.0	   	   0.6	  

PatFem	  
L	   	   5.1	   0.8	   1.8	   2.0	   1.7	   0.7	  
R	   	   6.1	   1.7	   1.3	   2.6	   3.4	   0.7	  

Med	  
TibFem	  

L	   	   1.0	   1.3	   	   0.5	   0.8	   0.8	  
R	   	   1.0	   	   0.4	   0.5	   	   0.7	  

Lat	  
TibFem	  

L	   	   	   	   0.9	   	   	   	  
R	   	   	   0.4	   	   	   	   	  

Table	  7.2	  Comparison	  of	  the	  true	  prevalence	  rates	  of	  osteoarthritis	  between	  the	  populations	  recorded	  
(rural,	  rural/urban,	  urban)	  with	  other	  urban	  sites	  from	  the	  South	  of	  England.	  For	  the	  patellofemoral	  
joint	  the	  percentages	  for	  the	  lateral	  patellofemoral	  joint	  were	  used	  for	  this	  comparison.	  
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Due to the manner in which Henderson et al. (2013, CD table 15) have presented 

their data, it is possible to compare the osteoarthritis prevalence rates by sex with this 

study. There are similarities and differences between the northern sites and the 

contemporaneous urban London sites (Figure 7.3 and Figure 7.4). For the males the 

northern site data indicated that on the left side the hip and lateral elbow were most 

affected, whereas the London urban sites had more degeneration in the lateral elbow 

and the acromioclavicular joint. For the right joints different patterns emerged for the 

males in the separate populations. In northern rural males the right lateral elbow was 

most affected, whereas in northern urban males the patellofemoral joint and in London 

urban males the right hip were most affected (Figure 7.3). It was interesting that for 

females, on both the right and left side in all the populations, the patellofemoral joint 

was most affected by degeneration (Figure 7.4). 

 

 
Figure	  7.3	  Osteoarthritis	  distribution	  in	  the	  different	  joints	  for	  males	  and	  in	  the	  northern	  rural	  and	  
urban	  populations,	  in	  St	  Mary’s	  and	  St	  Michael’s,	  Bow’s	  Baptist	  and	  Sheen’s	  burial	  ground	  (urban,	  
London).	  
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Figure	  7.4	  Osteoarthritis	  distribution	  in	  the	  different	  joints	  for	  females	  and	  in	  the	  northern	  rural	  and	  
urban	  populations,	  in	  St	  Mary’s	  and	  St	  Michael’s,	  Bow’s	  Baptist	  and	  Sheen’s	  burial	  ground	  (urban,	  
London).	  
 

This section on the geographical location of people with osteoarthritis has raised 

some interesting points. The necessity to examine osteoarthritis and DJC separately is 

clear as there might be an influence of intrinsic and extrinsic factors on the development 

of both DJC and osteoarthritis. The differences and similarities between rural and urban 

sites in both the north and south of England indicate that it is also necessary to further 

examine the potential influence of other risk factors for disease development and their 

influence on the separate joints. 

 

7.3. Causes	  and	  Risks	  of	  Osteoarthritis:	  A	  Critical	  Study	  of	  

Risks	  and	  Causes	  Today	  	  

This section is divided into two main parts. First an attempt is made to examine 

the risk factors, as determined by modern clinical research, for developing osteoarthritis 

and to correlate these with the socio-historical environment of Post-Medieval northern 

England. The main focus lies on extrinsic factors, as these are easier to examine and 

compare with the archaeological record. A few of the intrinsic factors (e.g. sex and age) 

are examined in section 7.4. Secondly this section focuses on implementing a new 

approach towards examining the impact and effect of osteoarthritis on people from the 

Post-Medieval period. This will present a new perspective to the traditional “activity-

related studies” and suggests a way to take research into osteoarthritis forward. 
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7.3.1. The	  Risk	  Factors	  
The risk factors in osteoarthritis, based on the multifactorial aetiology of the 

disease, were discussed in section 2.1.1.3. The Nevitt (2006, 26;  Figure 2.1) and 

Johnson and Hunter (2014, 7; Figure 2.2) risk factor classifications highlighted several 

risk factors for the development of osteoarthritis and these are discussed here.  

Sex and age are two of the most important risk factors in the development of 

osteoarthritis and their influence on osteoarthritis in palaeopathology is discussed in 

depth in section 7.4. Ethnicity is a difficult subject to deal with in studies of both the 

past and the present as it is largely a cultural rather than a biological construct. However, 

the sites examined here are all from the North of England, and are likely to have been 

relatively homogenous in terms of ancestry, with the majority of individuals being of 

European descent. This factor will thus not be further examined here. Menopause, 

underlying genetics and bone density cannot be ascertained within the scope of this 

project. Bone mineral density would make for an interesting future study as it has been 

found that higher bone mineral density is common in women with hip or knee 

osteoarthritis in modern clinical research, and a link has also been observed to the 

presence of osteophytes (Nevitt 2006, 29). In palaeopathology it is easier to recognise 

osteophytes than in clinical radiographs and it would be interesting to test whether bone 

mineral density varies at different joint sites and if a relationship exists with the 

presence of osteophytes.  

The effect of nutrition can be examined here, and it belongs to both intrinsic and 

extrinsic factor categories. It provides a good transition between the two categories and 

will be examined along with obesity (Felson and Chaisson 1997, 671). Further 

mechanical factors that will be reviewed are abnormal/repetitive loading of the joint. 

Due to the fact that muscle weakness cannot be readily examined in skeletal remains it 

is excluded here. Joint deformity and injury is not explored here as this project focused 

on primary osteoarthritis, and thus excluded joints with obvious traumatic-induced 

degeneration. Elite level athletics and surgery are not factors that are applicable to the 

historical period under examination and are thus also be excluded. 

 
7.3.2. Nutrition	  and	  Obesity	  as	  Risk	  Factors	  
It is a well-known fact that obesity can influence knee osteoarthritis, to a lesser 

degree hip osteoarthritis and even hand osteoarthritis (Muir and Webber 2003, 371; 

Nevitt 2006, 32; Roach and Tilley 2007, 2). The presence of excess weight on the joint 

is a risk factor in knee and hip osteoarthritis, which makes it both an extrinsic and 
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intrinsic risk factor. However excess adiposity in the hands can result in abnormal 

hormone levels which then leads to arthritis in the hands, thus also making obesity a 

local intrinsic risk factor (Felson and Chaisson 1997, 676; McAlindon and Felson 1997, 

397).  

Clinical studies on the subject of obesity and nutrition have found links between 

these particular risk factors and the development of osteoarthritis. Women with obesity 

(body mass index over 30-35) have a four times greater risk of developing knee 

osteoarthritis than women in the “normal” weight categories. Obese individuals also 

tend to suffer more often from bilateral knee osteoarthritis rather than the unilateral 

variant (Felson and Chaisson 1997, 672; Muir and Webber 2003, 371; Nevitt 2006, 31; 

Nuki 1999, 144). The following section is focused on obesity and nutrition and how 

they can be analysed, with a focus on osteoarthritis and including historical data. The 

effects of vitamin deficiencies on osteoarthritis and the presence of specific vitamins in 

the diet of Post-Medieval English populations will also be discussed. The number of 

individuals with bilateral tibiofemoral osteoarthritis are examined and, based on the 

historical background to the sites, the potential of obesity as an observable risk factor 

will be assessed.  

It is important to differentiate between the term diet and nutrition. While diet 

pertains to the foods that are eaten, nutrition is related to the manner in which foods are 

used by the body (Larsen 2000, 13). This section considers both of these factors and 

their interaction with osteoarthritis. Nutritional deficiency occurs when the body is 

deprived of certain vital vitamins over a prolonged period of time and this can 

eventually affect the skeletal system. Nutrients support normal growth, maturation, 

repair and replacement of bone and provide energy for physical activities (Larsen 2000, 

13). Clinical studies have related vitamin C, E and D deficiencies to the risk of 

developing osteoarthritis, but the link is not clear (Nevitt 2006, 31). For example, 

vitamin D deficiency was related to an increased risk of radiographic knee osteoarthritis, 

whereas an increase in vitamin C and E could reduce the symptoms of knee 

osteoarthritis, such as pain (McAlindon and Felson 1997, 398-9). However not all 

studies have supported this relationship (e.g., Canter et al. 2007, 1223). Despite the fact 

that there is no straightforward clinical relationship between nutrition and osteoarthritis, 

this potential relationship should not be neglected in palaeopathology and has not been 

explored before.  

Vitamin E deficiency is related to premature birth and muscle and neurological 

problems, such as a loss of reflexes and gait disturbance, which could lead to 
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osteological changes. It is absorbed through fat in the diet and can be gained from 

various plant oils and wheat germ. It can be assumed that this was not a problem for 

Post-Medieval individuals, as it was common to use excess amounts of fat or lard when 

cooking. The author is also not aware of any studies on vitamin E deficiency in 

palaeopathology (Jones 2000, 770-1; Spencer 2000, 1223).  

Vitamin C plays a role in the synthesis of collagen and is a structural protein of 

connective tissues, indicating that a deficiency would mean a reduction of the pre-

mineralised component of the bone (Larsen 2000, 26). It is not possible to store vitamin 

C in the body, and thus it must be supplemented in the diet with vitamin C- rich foods, 

such as potatoes, citrus fruits, cabbage, carrots, cauliflower, peas and apples (Hughes 

2000, 759; Ortner and Theobald 2000, 37). A lack of vitamin C results in scurvy, and 

the diminished role of bone collagen can influence osteoarthritis, but a potential 

relationship between scurvy and osteoarthritis has not been examined (Ortner and 

Ericksen 1997; Stuart-Macadam 1989; Kozlowski and Witas 2012). It would be a 

difficult palaeopathological study to undertake, as vitamin deficiency diseases can occur 

simultaneously and despite the improvement of diagnostic criteria for scurvy in non-

adults, its identification in adults is not straightforward. Advances in bone mineral 

research in palaeopathology and isotopic research into diet could help to study the 

potential co-occurrence of osteoarthritis with scurvy in the future (Armelagos et al. 

2014, 15-16; Mays 2014, 55). While it is impossible to tell which disease came first on 

the bone, it would be interesting to see if there is a connection between the two.  

The Post-Medieval Period is perceived to have initiated a decline in the quality 

of the diet of the working classes, and it waslacking in vitamin C (Burnett 1966, 11; 

Spencer 2000, 1222)? In Lincolnshire, and the northern counties of Yorkshire and 

Northumberland the diet of an agricultural labourer tended to be varied and nutritious. 

Diets of the poor tended to include foods such as bread, potatoes, cheese, peas, turnips, 

cabbage, carrots and spinach, with the addition of meat dependent on funds and supply 

(Burnett 1966, 10, 33, 41; Hughes 2000, 759; Spencer 2000, 1222-3). Such a diet would 

supply adequate quantities of vitamin C and, if universally available, a deficiency in this 

vitamin is unlikely to have been a risk factor for osteoarthritis development in this study 

sample. The sites examined for this thesis have been examined for the presence of 

scurvy, but due to time constraints these data could not be included in this project. 

However a future study will correlate the results and will hopefully give some 

interesting observations. 
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Vitamin D is important for osteoid matrix mineralisation and a deficiency would 

mean that bone loses its ability to respond to stressors on the joint. It can be synthesized 

by the body through exposure to sunlight and secondarily from the consumption of 

dairy, fish, fish oil, and egg yolks (Kozlowski and Witas 2012, 405; Ortner and 

Theobald 2000, 36; Larsen 2000, 13, 26). Clinical studies have shown that low levels of 

vitamin D can increase the risk of radiographic hip osteoarthritis in elderly women 

(Kozlowski and Witas 2012, 406; Nevitt 2006, 30-31). For sites such as Coach Lane, 

Coronation Street and Barton-upon-Humber, located on riverbanks, the presence of fish 

in the diet would, in theory, provide a secondary source of vitamin D (Burnett 1966, 12). 

One would also expect the rural Fewston population to have had sufficient access to 

sunlight and food rich in vitamin D. Nevertheless, the excavation reports from Coach 

Lane, Fewston and Coronation Street have shown individuals affected by vitamin D 

deficiencies (Caffell and Holst 2010, 34-35; Langthorne 2012, 48; Raynor et al. 2011, 

73). It is therefore possible that these nutritional deficits had an impact on the risk of 

developing osteoarthritis in Post-Medieval populations and this could be the subject of 

further investigation. 

It is unlikely that obesity was a major risk factor for the poor working class in 

the Post-Medieval period, but there was a rise in obesity prevalence amongst the middle 

and upper classes of the eighteenth century who consumed large quantities of meat, as 

evidenced by caricaturists like William Hogarth and Thomas Rowlandson (Larsen 2000, 

1222). Research has also indicated that individuals in wealthier groups of society were 

taller and heavier than those from the poorer classes (Floud et al. 2011, 1). Thus, when 

examining eighteenth century skeletal populations from a wealthier social background, 

obesity could have been a risk factor for the development of osteoarthritis. The only site 

in this study that likely had individuals from such a background would be the Quakers 

of North Shields. However, the Quaker religion did not condone excesses in living, 

which might mean that obesity would not have been a high risk factor for this 

population (Pratt 1985, 24, 27).  

A potential future project could compare and contrast populations of differing 

social classes, including the calculation of body mass, which could then be compared 

with the presence of knee osteoarthritis (Felson and Chaisson 1997, 671; Muir and 

Webber 2003, 371; Nevitt 2006, 32; Roach and Tilley 2007, 2; Weiss 2006, 690).  

Results for the unicompartmental and bicompartmental degeneration of the left 

and right tibiofemoral joints were presented in section 5.2.13. In order to examine 

bicompartmental degeneration in the complete tibiofemoral joint, which occurs more in 
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obese individuals, a different approach was needed, whereby the medial and lateral 

compartments were disregarded and the complete left and right tibiofemoral joints were 

examined for unilateral or bilateral degeneration, regardless of which compartment was 

affected (Table 7.3).  

 

Site	   Age	   Sex	   No	  Changes	   One	  knee	  
affected	  

Both	  knees	  
affected	  

Fewston	  

Young	  Adult	   Male	   2	   	   	  
Female	   7	   	   	  

Middle	  
Adult	  

Male	   10	   	   	  
Female	   4	   	   	  

Old	  Adult	  
Male	   8	   	   	  
Female	   4	   	   	  

Barton-‐
upon-‐
Humber	  

Young	  Adult	  
Male	   3	   	   	  
Female	   10	   1	   	  

Middle	  
Adult	  

Male	   13	   2	   1	  
Female	   20	   2	   2	  

Old	  Adult	   Male	   14	   6	   	  
Female	   15	   3	   2	  

Hanging	  
Ditch	  

Young	  Adult	  
Male	   4	   	   	  
Female	   4	   	   	  

Middle	  
Adult	  

Male	   7	   	   	  
Female	   1	   	   	  

Old	  Adult	   Male	   5	   1	   	  
Female	   3	   1	   	  

Coach	  Lane	  

Young	  Adult	   Male	   20	   	   	  
Female	   11	   1	   	  

Middle	  
Adult	  

Male	   13	   1	   3	  
Female	   13	   7	   1	  

Old	  Adult	  
Male	   17	   3	   	  
Female	   10	   2	   2	  

Coronation	  
Street	  

Young	  Adult	   Male	   3	   	   	  
Female	   10	   	   	  

Middle	  
Adult	  

Male	   12	   2	   	  
Female	   11	   2	   1	  

Old	  Adult	  
Male	   12	   1	   3	  
Female	   12	   5	   2	  

Table	  7.3	  The	  distribution	  of	  unilateral	  or	  bilateral	  tibiofemoral	  osteoarthritis	  (regardless	  of	  
compartments)	  in	  the	  separate	  sites,	  compared	  with	  age	  and	  sex.	  

 

There were few cases of bilateral degeneration in the sample and these occurred 

more frequently in the older age categories. Obesity does not seem to be a particular 

risk factor amongst these populations. However, this study needs to be supported by 

research into body mass index and diet. In conclusion, the potential connection between 
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diet/nutrition and osteoarthritis has not previously been explored, but has the potential 

to enrich our understanding of past risk factors for osteoarthritis. 

 
 

7.3.3. Farming	  and	  Hip	  Osteoarthritis	  

Occupation-related osteoarthritis is a subject that has been thoroughly 

researched in the clinical and palaeopathological literature (section 2.3.2). Activity, or 

recurring loading upon a joint, is one of a multitude of risk factors that can predispose a 

joint to degeneration. However, it is not the sole risk factor to act upon a joint (Felson 

1994, 72; Jurmain 1999, 70-71). A regular subject in clinical research concerning 

occupation-related osteoarthritis is the relationship between hip osteoarthritis and 

farming (Coggon et al. 1998, 62-3; Cooper et al. 1998, 521; Felson 1994, 65-7; Thelin 

and Holmberg 2007, 607; Thelin et al. 2004, 208). The results from this study concurred 

with these clinical findings, with a higher prevalence of hip osteoarthritis at Fewston, 

particularly amongst the males.  

 The relationship between farming and hip osteoarthritis is not straightforward. 

Most studies are silent on the subject of females in the profession, although some have 

stated that the link for males is stronger (Coggon et al. 1998, 523; Croft et al. 1992a, 

1269; Croft et al. 1992b, 59; Danielsson et al. 1984, 110; Felson 1994, 65; Thelin and 

Holmberg 2007, 605; Rossignol et al. 2005, 775; Thelin et al. 2004, 203-4; Vingård et 

al. 1997, 293). One study suggested that the risk factor for farming can be translated to 

heavy lifting and that there might be biomechanical differences between the sexes while 

performing such activities, thus explaining the sex difference (Coggon et al. 1998, 527).  

 Several studies have found particular actions that predispose the hip joint to 

degeneration, such as lifting, being in an uncomfortable position for long spans of time, 

cleaning/housework and vibrations from machinery, but these actions can also adversely 

affect the knee and hand joints. These activities influence the sexes variably and can be 

dependent on occupation, the length of time the activity is performed and the age of an 

individual, thus indicating several risk factors (Coggon et al. 1998, 523; Rossignol et al. 

2003, 882, 884; Rossignol et al. 2005, 775; Vingård et al. 1997, 293). 

While farmers do have a higher risk of developing hip osteoarthritis, they are not 

the only occupational group at risk (Felson 1994, 72-3; Thelin and Holmberg 2007, 

604). Mill-workers, dockyard workers, miners, fishermen, construction workers and 

abattoir workers are also in high risk professions: any activity with prolonged and 

regular heavy lifting and carrying of loads, but also sitting in a fixed position, may lead 
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to osteoarthritis (Coggon et al. 1998, 525; Vingård et al. 1991, 104). While it is certain 

that all the professions mentioned above were practised in the Post-Medieval 

populations it is not possible to make a direct link between the presence of hip 

osteoarthritis in the sample to a specific occupation. 

The fact that it is not possible to deduce activity, yet it is possible to identify 

potential biomechanical stressors is evidenced by the example of Barton-upon-Humber 

where, unlike at Fewston, only females were affected by hip osteoarthritis. As was 

stated above (section 7.2), Barton-upon-Humber is a site with both rural and urban 

characteristics, but it was also a centre for the production of brick and tiles (section 

4.1.2.2).  Hopkins (1979, 7) stated that mainly women and girls would be employed for 

the production of bricks in Post-Medieval times, often starting work from age six or 

seven. The women would be responsible for moulding hundreds of bricks per day, 

while the girls had to bring the wet clay to the working stations and transport the formed 

bricks away for firing. This was strenuous work, which included carrying heavy loads 

and the constant interaction with wet clay would aggravate symptoms of rheumatism. 

This does not mean that that the women examined from the Barton-upon-Humber 

population were definitely brick-makers, but rather it provides a potential risk factor for 

females from this particular population. It is thus possible to assume that for some 

women from the Barton-upon-Humber population, heavy biomechanical stresses placed 

upon the hip joint could, in part, have been responsible for the presence of hip 

osteoarthritis.  

Another example of the precarious nature of aligning specific occupations with 

arthritis is found in Fewston. Occupational mobility was common in the past, as 

evidenced by diarist John Dickinson, a resident of Fewston (Harker 1998). From his 

diaries we know that he was involved in many activities: his main occupation was as a 

stone mason/construction worker, but he was also a part-time farmer, and performed 

clerical duties (Harker 1988, 12, 16). There is a tendency to assume that people in the 

past undertook only one occupation during their lifetime, but we must recognise that 

this was simply not the case.   

As has been shown in the previous paragraphs, there are many risk factors 

related to the development of hip osteoarthritis, which makes it difficult for 

palaeopathologists to pinpoint one specific risk such as occupation. Due to the long 

onset period for hip osteoarthritis it can be assumed that a multitude of modifiable and 

non-modifiable risk factors are involved (Felson 2003, 11; Mandl 2007, 5-10; Nevitt 

2006, 36; Vingård et al. 1997, 296).  
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7.3.4. Concluding	  Remarks	  on	  Risks	  

One of the main conclusions is that a risk is simply a potential, a chance that 

might predispose a person to osteoarthritis. However, in a bioarchaeological context, 

one can only state that, for example, an occupation could have presented a risk for 

developing the palaeopathological condition, but was likely not the sole cause. 

Osteoarthritis pathogenesis relates to a multifactorial aetiology, which involves intrinsic 

and extrinsic factors that cannot be controlled for in a past environment (Croft 2005, 

iv29; Johnson and Hunter 2014, 6; Nuki 1999, 143). The palaeopathologist must also be 

aware that clinical evidence for risk factors reflect those experienced by a living 

population and these may have differed in the past. It is then important in an 

interdisciplinary study to examine each discipline critically in light of the period under 

examination. 

 

7.4. A	  Palaeopathological	  and	  Clinical	  Comparison	  

between	  Sex,	  Age,	  and	  Joint	  Degeneration	  

It is a well-known clinical fact that osteoarthritis distribution differs between the 

sexes and in different age groups, but the influence of age and sex is variable between 

the joints and influences degeneration differently when combined with other risk factors. 

Clinical studies show that men are more affected in the younger age ranges, which 

could be related to occupational stressors, and women are more commonly affected 

post-menopause, with more severe disease, implicating hormonal factors (Felson 2003, 

9; Huffman and Kraus 2012, 604; Lajeunesse and Reboul 2007, 24; Nevitt 2006, 27; 

Resnick and Kransdorf 2005, 358-9). Thus, while prevalence rates might differ between 

populations it would be interesting to test whether the basic patterns (which sex is 

predisposed to developing degeneration at a specific joint) are different between the 

rural and urban sites in the North and the South, and with modern clinical data. The 

following section examines DJC and osteoarthritis, while focusing on sex and age as 

risk factors. For each joint two hypotheses, which were first introduced in Chapter 1, are 

examined: 

1. The distribution of degeneration between males and females is similar in the 

Post-Medieval sites from this study, contemporaneous Post-Medieval sites and 

in modern clinical studies. 

2. Males are more affected by degeneration in the young adult and middle adult 

age ranges, whereas females are more affected in the old adult age range. 
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A table that summarises the answers to these hypotheses is presented at the end of 

this section (Table 7.11). In Appendix E the detailed tables that analyse the distribution 

of degeneration between the sexes in each age category are presented for all of the joints, 

for each separate site and in the total sample. To answer Hypothesis 2 only the total 

sample distribution is discussed.  

 

7.4.1. The	  Temporomandibular	  Joint	  

According to clinical research, temporomandibular joint disease is more 

common in women, with a prevalence of 3:1, compared to men, who have a prevalence 

of 8:1 (Alexiou et al.  2009, 143; Ingawalé and Goswami 2009, 977; Milam 2005, 10; 

Poveda Roda et al. 2007, E295). The palaeopathological sample followed the clinical 

pattern, with one exception found in Fewston where men were more affected. In the 

minimal and moderate cases there was some variability between the sexes, but in the 

florid cases females were most commonly affected (Table 7.4). While other 

palaeopathological studies also conform to the pattern presented above, a Medieval 

English sample deviated by having a higher prevalence amongst males, which could 

mean that risk factors other than sex, such as age, genetic influence, systemic illness and 

occlusion problems, could have influenced the prevalence between the sexes (Mays 

2007, 156; Rando and Waldron 2012, 50). This means that hypothesis 1 can be accepted 

for the temporomandibular joint (Table 7.11). 

 

	  	  
Fewston	   B-‐u-‐H	   HD	   COL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

TMJ	  
Min	   M	   M	  	   F	   F	   F	   M	   F	   F	   M/F	   F	  
Mod	   M	   M/F	  	   F	   M	   F	   F	   M/F	   F	   F	   F	  
Flor	   	  	   	  	   F	   	   	  	   	  	   F	   F	   F	   F	  

Table	  7.4	  This	  table	  indicates	  the	  sex	  categories	  that	  are	  most	  commonly	  affected	  across	  the	  
temporomandibular	  joint	  compared	  to	  the	  other	  sex	  category	  with	  an	  X,	  where	  both	  spaces	  are	  left	  
blank	  there	  were	  no	  cases	  recorded.	  L=	  Left,	  R=	  Right,	  DJC=	  Degenerative	  Joint	  Change,	  OA=	  
Osteoarthritis,	  M=	  Male,	  F=	  Female,	  B-‐u-‐H=	  Barton-‐upon-‐Humber,	  HD=	  Hanging	  Ditch,	  COL=	  Coach	  
Lane,	  CS=	  Coronation	  Street.	  

 

Females were consistently more affected by degeneration in all of the age 

categories (Appendix E1). Hypothesis 2 is not supported for the temporomandibular 

joint, which could be due to preservation levels or to the fact that female sex, combined 

with age and other factors, is a more important risk factor for this particular joint. This 

example shows the importance of examining both age and sex as risk factors. 
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7.4.2. The	  Acromioclavicular	  Joint	  

In the acromioclavicular joint, males were more affected by DJC, whereas the 

few cases of osteoarthritis showed a similar distribution between the sexes (Table 7.5). 

For osteoarthritis it was thus not possible to test the hypotheses, due to the small 

number of cases. In modern clinical studies, osteoarthritis of the acromioclavicular joint 

is considered to be almost universal in the elderly population, with little mention of 

potential sex differences (Mahakkanukrauch and Surin 2003, 506; O’Reilly and Doherty 

2003, 205; Östör 2013, 1304; Petersson 1983, 434; Resnick and Kransdorf 2005, 375; 

Watt and Doherty 2003, 216). One clinical study included almost exclusively male 

individuals, which potentially suggested that males were more readily available for this 

type of research (de Abreu et al. 2005, 275). Other palaeopathological studies 

concerning osteoarthritis of the acromioclavicular joint confirmed the findings here, 

with males more commonly affected, aside from one exception in St Marylebone where 

a slightly higher female prevalence was recorded (Connell et al. 2012, 69; Mays 2007, 

156; Miles et al. 2008, 138). Hypothesis 1 is supported for DJC in the Post-Medieval 

sites, but modern clinical research does not tend to show a sex-preference for this joint 

(Table 7.11). 

 

	  	  
Fewston	   B-‐u-‐H	   HD	   COL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

Acr	  Clav	  
DJC	   M	   M	  	   M	   M/F	   F	  	   M	   M	   M	  	   M	   	  M	  
OA	   	  	   	  	   	  	   M/F	   	  	   	  	   M	   M/F	  	   	  	   F	  

Table	  7.5	  This	  table	  indicates	  the	  sex	  categories	  that	  are	  most	  commonly	  affected	  across	  the	  
acromioclavicular	  joint.	  

 

A modern clinical study found no relationship between the presence of 

osteophytes and sex in the acromioclavicular joint, which would suggest that the sex 

distribution found for DJC is due to a particular combination of degenerative features 

and other risk factors (Mahakkanukrauh and Surin 2003, 506). In the total sample 

analysis of age and sex related degeneration it was apparent that in the young and 

middle adult ages the percentages of DJC and osteoarthritis are close together, but the 

old adults males are more affected by DJC than females and for osteoarthritis not 

enough cases were present to make any deductions (Appendix E2). These data do not 

support Hypothesis 2 and show the importance of age as a risk factor in the 

acromioclavicular joint, whereas sex patterns appear dependent on the type of 

degeneration present in the joint. 
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7.4.3. The	  Glenohumeral	  Joint	  

Primary glenohumeral osteoarthritis is a rare condition in living populations, but 

when present it tends to be more common in females. Clinical research has found that, 

rather than sex, the main risk factors for osteoarthritis and rotator cuff disease are age, 

trauma or infection (Killian et al. 2012, 1; Mitchell et al. 2005, 1124; Nakagawa et al. 

1999, 580). Glenohumeral osteoarthritis is also uncommon in the Post-Medieval sites, 

with only two recorded cases, which makes it impossible to deduce any sex patterns. 

DJC and rotator cuff disease most commonly affected males, which was unlike the 

clinical pattern, and did not support Hypothesis 1 (Table 7.6; Table 7.11). Other 

palaeopathological studies have also found that males were more commonly affected; 

however, instead of classifying it as DJC they used the terminology of “glenohumeral 

osteoarthritis” (Boston et al. 2009, 119, 133; Henderson et al. 2013, CD Table 15). 

Hypothesis 1 is thus accepted for the Post-Medieval sites (Table 7.11). 

 

	  	  
Fewston	   B-‐u-‐H	   HD	   COL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

Glen	  
Hum	  

Rot	  
Cuff	   M	   M	   M	   M	   	  	   	  M/F	   M	   	  M	   M	   M	  	  

DJC	   M	   M	   M	   M	   	  F	   M/F	   M	   	  F	   M	   	  M/F	  
OA	   F	   F	   	  	   	  	   	  	   	  	   	  	   	  M	   	  	   	  	  

Table	  7.6	  This	  table	  indicates	  the	  sex	  categories	  that	  are	  most	  commonly	  affected	  across	  the	  
glenohumeral	  joint.	  

 

Rotator cuff changes in clinical studies were found to be more common in men, 

and thus for this type of degeneration the palaeopathological results correlate with the 

modern data and support Hypothesis 1 (Reilly et al. 2006, 117). One potential 

explanation for the similar sex distribution between DJC and rotator cuff changes is that 

they are influenced by each other, whereas primary glenohumeral osteoarthritis is a 

separate disease, with a different sex distribution. A controlled clinical study that seeks 

to examine relationships between sex, rotator cuff changes and DJC would help 

elucidate this relationship.  

In the young and middle adults the percentages of rotator cuff changes and DJC 

were similar, but the old adult males were more affected by both DJC and rotator cuff 

changes than females (Appendix E3). While the latter pattern indicates a relationship 

between sex and age, in general Hypothesis 2 is not supported (Table 7.11). 
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7.4.4. The	  Elbow	  Joint	  
Osteoarthritis of the medial and lateral elbow joint seemed to be site-specific 

and did not show a preference for either sex, whereas DJC was clearly more commonly 

observed in males than in females at all of the sites, for both the medial and the lateral 

elbow (Table 7.7). The same variability in distribution can be observed for several other 

Post-Medieval sites, such as St. Mary and St Michael’s, Bow Baptist and Sheen’s burial 

ground (Henderson et al. 2013, 53, 60, CD table 15). Ortner (1968, 145) has already 

stated that even in a population that is controlled for sex and age, the levels of 

degeneration would vary, indicating an underlysing genetic factor. This indicates that 

Hypothesis 1 is supported for the Post-Medieval sites (Table 7.11). 

 

	  	  
Fewston	   B-‐u-‐H	   HD	   COL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

Medial	  Elbow	  
DJC	   M	   M/F	   M/F	   M	   M	   M	   M	   M	   M	   M	  
OA	   	   	   	   	   	   	   	   M/F	   M	   	  

Lateral	  Elbow	  
DJC	   	   	   M	   M	   M	   	   M	   M	   M	   M	  
OA	   	   F	   F	   M	   M	   F	   M	   F	   M	   M	  

Table	  7.7	  This	  table	  indicates	  the	  sex	  categories	  that	  are	  most	  commonly	  affected	  across	  the	  medial	  
and	  lateral	  elbow	  joint.	  

 

In clinical studies primary osteoarthritis of the elbow is uncommon, but men 

tend to be more affected than women with a ratio of 4:1. Thus the patterns of sex-related 

DJC found here were similar to the clinical data, but this is not the case for osteoarthritis 

(Table 7.11). Due to the fact that most elbow degeneration occurs following trauma or 

soft tissue injury, the information on primary osteoarthritis is limited. Other risk factors 

that have been mentioned are genetic predisposition, age, and strenuous manual labour 

(Dalal et al. 2007, 358; Debono et al. 2004, 397; Gramstad and Galatz 2006, 421-2; 

O’Reilly and Doherty 2003, 204; Resnick and Kransdorf 2005, 373; Rettig et al. 2008, 

97).  

For the medial elbow males were consistently more affected by DJC in all age 

categories, whereas for osteoarthritis, despite the small number of cases, males were 

affected in the young and middle adult categories, whereas there was one case of a 

female individual with osteoarthritis in the old adult age category . For the medial elbow, 

Hypothesis 2 was rejected for DJC, but accepted for osteoarthritis (Appendix E4; Table 

7.11). For the lateral elbow males and females were both similarly affected by DJC and 

osteoarthritis in the young and middle adult age categories, whereas the old adult males 
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were slightly more affected than females. For the lateral elbow, Hypothesis 2 was then 

rejected for both DJC and osteoarthritis (Appendix E5; Table 7.11). 

 

7.4.5. The	  Hip	  Joint	  
In the hip joint there was no clear sex-related pattern of degeneration. For DJC, 

males tended to be more affected, whereas osteoarthritis prevalence seemed to be site-

specific (Table 7.8). Men were more affected than women in several other Post-

Medieval sites, such as St Mary and St Michael’s and St George’s burial ground, and 

also in the Medieval St Mary Spital site. However, the Post-Medieval Bow Baptist 

burial ground presents an equal division between the sexes (Boston et al. 2009, 119, 

133; Connell 2012, 70; Henderson et al. 2013, CD Table 15). For DJC, it is then 

possible to accept Hypothesis 1, whereas for osteoarthritis this is not clear (Table 7.11). 

 

	  	  
Fewston	   B-‐u-‐H	   HD	   COL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

Hip	  
DJC	   M/F	   M	   M	   M	   M/F	   F	   M	   M/F	   M	   M	  
OA	   M	   M	   F	   F	   	   	   M	   F	   M	   M	  

Table	  7.8	  This	  table	  indicates	  the	  sex	  categories	  that	  are	  most	  commonly	  affected	  across	  the	  hip	  joint.	  
 

Clinical research tends to classify hip osteoarthritis (section 2.2.3.1.1) by 

femoral head migration pattern and, because of this, it is difficult to make comparisons 

between palaeopathological and clinical data (Figure 7.5). An interesting future research 

project would be to examine the migration patterns in hip osteoarthritis in 

archaeological populations from different time periods and compare this to the modern 

data. 

 
Figure	  7.5	  Overview	  of	  the	  most	  common	  hip	  migration	  patterns	  in	  clinical	  research.	  For	  each,	  the	  
most	  commonly	  affected	  sex	  and	  distribution	  is	  shown	  (Abhishek	  and	  Doherty	  2013,	  1180;	  Resnick	  
and	  Kransdorf	  2005,	  377-‐9).	  
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According to Figure 7.5 particular migration patterns were related to sex or 

unilateral/bilateral degeneration. When the unilateral/bilateral distribution of 

degeneration between the sexes was examined in this study (Table 5.50), it was possible 

to hypothesise that superior migration was more common (Abhishek and Doherty 2013, 

1180; Resnick and Kransdorf 2005, 377). At Fewston, Barton-upon-Humber and 

Coronation Street, females were more unilaterally, and males more bilaterally, affected 

compared with the clinical data on superolateral and superomedial migration of the head 

(Figure 7.7). The more common occurrence of unilateral and bilateral degeneration 

amongst males at Coach Lane could have several explanations. Either the males have 

more superolateral degeneration in this population and thus deviate from the clinical 

general rule, or they were in the process of developing bilateral superomedial 

degeneration but died before bilaterality could occur, or preservation levels have 

affected the distribution patterns. While the previous suggestions are based on a 

hypothesis, it would be interesting to examine this in detail in the future. 

In clinical studies males and females have a similar rate of hip osteoarthritis that 

increase with age (Nevitt 2006, 27). In this study the levels of DJC and osteoarthritis 

were similar between males and females in the young adults and middle adults, whereas 

in the old adults males had slightly higher levels of both DJC and osteoarthritis. These 

data do not support Hypothesis 2 (Appendix E6; Table 7.11).  

 

7.4.6. The	  Patellofemoral	  Joint	  

While clinical and palaeopathological studies of the patellofemoral joint rarely 

adopt a compartmentalised approach, by doing so here some interesting observations 

were made. In general, males appear to be slightly more affected by both DJC and 

osteoarthritis in the medial compartment, whereas females are more affected by 

osteoarthritis in the lateral compartment, and DJC in the latter compartment affects both 

sexes without a specific pattern (Table 7.9). It is difficult to make further comparisons, 

due to the fact that in both palaeopathological and clinical studies the joint tends to be 

analysed as a whole. 
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Fewston	   B-‐u-‐H	   HD	   COL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

Medial	  
Pat	  Fem	  

DJC	   M	   M	   M	   M	   	   M	   F	   F	   M	   F	  
OA	   	   	   M	   M	   	   	   	   	   	   M/F	  

Lateral	  
Pat	  Fem	  

DJC	   M/F	   M	   M/F	   M	   M	   F	   F	   F	   M/F	   F	  
OA	   	   	   F	   F	   	   	   F	   F	   F	   M/F	  

Table	  7.9	  This	  table	  indicates	  the	  sex	  categories	  that	  are	  most	  commonly	  affected	  across	  the	  medial	  
and	  lateral	  patellofemoral	  joint.	  

 

In Bow Baptist and Sheen’s Post-Medieval burial grounds and in Medieval St 

Mary Spital, females were more affected by osteoarthritis in this joint than males, but in 

Post-Medieval St Mary and St Michael’s males were more affected (Connell et al. 2012, 

70; Henderson et al. 2013, CD Table 15). Clinical studies have demonstrated that in 

general females are more affected than males and that the lateral compartment is most 

commonly involved, while medial patellofemoral osteoarthritis is rare. Risk factors for 

the disease include the female sex, being physically active, patellar malalignment, and 

genetics, and appear to be distinct from tibiofemoral osteoarthritis (Abhishek and 

Doherty 2013, 1179; Crossley and Hinman 2011, 765; Dejour et al. 2008, 15, 21, 26; 

Donell and Glasgow 2007, 169-170; Duncan et al. 2009, 1154; Farrokhi et al. 2011, 

287; Hinman and Crossley 2007, 1058; McAlindon et al. 1992, 848; Resnick and 

Kransdorf 2005, 384). Thus, for the medial patellofemoral joint Hypothesis 1 is 

unsupported for both DJC and osteoarthritis for both Post-Medieval sites and modern 

clinical data. However for the lateral patellofemoral joint Hypothesis 1 is supported for 

osteoarthritis for both Post-Medieval sites and clinical data, but disproved for DJC 

(Table 7.11).   

The young and old adult males and females had similar levels of degeneration in 

the medial patellofemoral joint and, while percentages remained similar in the old adults, 

females were more affected in the left and right joint compartments. This finding then 

did not support Hypothesis 2 in the medial compartment (Appendix E7; Table 7.11). In 

the lateral patellofemoral compartment females were consistently more affected by both 

DJC and osteoarthritis in all age categories, thus not supporting Hypothesis 2 

(Appendix E8; Table 7.11). 

 

7.4.7. The	  Tibiofemoral	  Joint	  

 DJC in the medial and lateral tibiofemoral compartments had a similar sex 

distribution, with females more commonly affected. For osteoarthritis there were too 

few cases to observe any considerable patterns (Table 7.10). In comparable Post-



 357 

Medieval populations, such as St Mary and St Michael’s, Bow Baptist and Sheen’s 

burial ground, and the Medieval St Mary Spital population there were few cases of 

tibiofemoral joint osteoarthritis and no sex-related patterns were defined (Connell et al. 

2012, 70; Henderson et al. 2013, CD Table 15). This finding supported Hypothesis 1 for 

osteoarthritis in Post-Medieval populations, but did not support it for DJC (Table 7.11).  

 

	  	  
Fewston	   B-‐u-‐H	   HD	   COL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

Medial	  
Tib	  Fem	  

DJC	   	   	   F	   F	   M	   F	   F	   F	   F	   F	  
OA	   	   	   F	   M	   	   	   M/F	   	   F	   	  

Lateral	  
Tib	  Fem	  

DJC	   	   	   F	   M	   	   F	   F	   F	   F	   M	  
OA	   	   	   	   	   	   	   	   F	   	   	  

Table	  7.10	  This	  table	  indicates	  the	  sex	  categories	  that	  are	  most	  commonly	  affected	  across	  the	  medial	  
and	  lateral	  tibiofemoral	  joint.	  
 

In modern clinical research females are found to be more commonly affected by 

degeneration in the tibiofemoral joint, and the medial compartment is also more 

commonly affected than the lateral compartment, but it not yet known whether both 

compartments are subject to different risk factors (Abhishek and Doherty 2013, 1179; 

Davis et al. 1988, 1019; O’Reilly and Doherty 2003, 206; Stefanik et al. 2013, 695). 

The palaeopathological sample also demonstrated a female bias in tibiofemoral 

degeneration, but only for the DJC cases; there were insufficient osteoarthritis cases to 

identify patterns. The preference for the medial compartment was also found in the 

palaeopathological sample, thus Hypothesis 1 could be accepted for DJC with the 

clinical data, but was uncertain for osteoarthritis.  

The low number of cases in this study and in other contemporaneous 

populations could be due to a suggestion made by Rogers and Dieppe (1994, 612) that 

tibiofemoral osteoarthritis could be a relatively new disease due to the low prevalence in 

past populations compared to hip and patellofemoral osteoarthritis. Waldron (1995) 

argues that osteoarthritis of the knee becomes more common in Post-Medieval times. 

Perhaps this discordance occurs due to the fact that Waldron examined the knee as a 

whole, rather than the separate compartments. 

In the medial and lateral tibiofemoral compartments, females were consistently 

more affected by both DJC and osteoarthritis in all age categories, thus disproving 

hypothesis 2 for both DJC and osteoarthritis (Appendix E9; Appendix E10; Table 7.11). 
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Hypothesis	  1	  	  
(Post-‐Medieval,	  

sex)	  

Hypothesis	  1	  	  
(Modern	  Clinical,	  

sex)	  

Hypothesis	  2	  
(Age)	  

	  
DJC	   OA	   DJC	   OA	   DJC	   OA	  

Temporomandibular	   V	   V	   X	  
Acromioclavicular	  	   V	   ?	   X	   ?	   X	   X	  
Glenohumeral	   V	   ?	   X	   ?	   X	   ?	  
Medial	  Elbow	  	   V	   V	   V	   X	   X	   V	  
Lateral	  Elbow	   V	   V	   V	   X	   X	   X	  
Hip	   V	   X	   ?	   ?	   X	   X	  
Medial	  
Patellofemoral	   X	   X	   X	   X	   X	   X	  

Lateral	  
Patellofemoral	   X	   V	   X	   V	   X	   X	  

Medial	  Tibiofemoral	   X	   V	   V	   ?	   X	   X	  
Lateral	  Tibiofemoral	   X	   V	   V	   ?	   X	   X	  
Table	  7.11	  Tables	  indicating	  whether	  the	  hypotheses	  can	  be	  accepted	  (V)	  or	  rejected	  (X).	  A	  “?”	  
indicates	  that	  there	  was	  insufficient	  information	  to	  confirm	  or	  deny	  the	  hypothesis.	  
 

It is possible to conclude this section by stating that the distribution patterns of 

age and sex-related osteoarthritis levels in Post-Medieval and modern clinical research 

did not follow a straightforward pattern. Hypothesis 1 stated that the Post-Medieval 

sites under examination would have similar distributions of degeneration between the 

respective sexes as found in other Post-Medieval sites and in modern clinical studies. 

For the other Post-Medieval sites it is possible to accept this hypothesis for DJC in 

almost every joint aside, from the knee joints, and for osteoarthritis only the hip and 

medial patellofemoral joints did not fit the hypothesis. For the clinical patterns it was 

not always possible to accept Hypothesis 1 and the answers differed between the 

different joints, thus suggesting that distribution of degeneration in the sexes in modern 

clinical data has potentially different risk factors to those at the Post-Medieval sites.  

Hypothesis 2 stated that in general, males are more affected in the young adult 

and middle adult age ranges, whereas females are more affected by degeneration in the 

old adult age range. This hypothesis could not be supported by the palaeopathological 

data; rather, an expected age-related increase was observed. This section has shown the 

importance of analysing sex and age as risk factors, but that the multifactorial aetiology 

of osteoarthritis is difficult to account for in palaeopathology. 
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7.5. Impact	  of	  Osteoarthritis	  on	  Post-‐Medieval	  

Individuals:	  A	  Sensitive	  Subject	  

This section focuses on new ways of approaching the interpretation of degenerative 

joint disease in the past. Firstly, rather than identifying the cause of the disease, the 

impact of osteoarthritis on the daily lives of Post-Medieval individuals will be discussed. 

By using clinical information and a case study from Fewston this new approach will be 

highlighted. Secondly, this section will present an overview of attitudes towards 

osteoarthritis in the past, using historical research. 

 
7.5.1. The	  Impact	  on	  Daily	  Activities	  

The difficult relationship between activity and osteoarthritis presence has been 

highlighted in sections 2.3.2 and 7.3.1.3, and yet there are still palaeopathological 

studies that continue to correlate the two (Lieverse, et al. 2007 ; Klaus, et al. 2009 ; Jin 

Woo and Sciulli 2013; Molnar, et al. 2011 ; Schrader 2012), and perhaps this is driven 

by: “… the motivation to “flesh-out” the individuals recovered from archaeological 

contexts, somehow to make them “real people”.” (Jurmain 1999, 2). 

Activity is clearly an important risk factor, but it is necessary to find a new way 

to interpret osteoarthritis (Glyn et al. 1966, 739). While research into the potential 

causes of the disease should continue, it has become abundantly clear that it is simply 

not possible to infer a specific causative factor, but rather a multitude of factors must be 

taken into account. Perhaps a more fruitful direction would be to examine the impact of 

osteoarthritis on an individual’s life. Clinical research provides us with a range of 

difficulties brought on by osteoarthritis that a person might experience during day-to-

day life. This information could be critically and cautiously applied to past living and 

working environments, to provide an insight into potential daily problems facing past 

sufferers. This will then allow the palaeopathologist to satisfy their remit and “flesh-

out” the individuals to understand the challenges that “real people” faced in the past.  

This section first focuses on a selection of joints, the glenohumeral joint, 

patellofemoral and tibiofemoral joint, and will discuss the physical impairment incurred 

when these joints are affected. The historical evidence is integrated in this analysis to 

highlight contemporaneous attitudes towards osteoarthritis. The author is aware of the 

limitations of inferring symptomatic disease from skeletal remains; however some 

skeletal markers, such as osteophytes, have been related to pain (Tsurumoto et al. 2013, 

10; van der Kraan and van den Berg 2007, 237). The following impact-reconstructions 



 360 

are not factual representations, but rather theoretical suggestions on the condition of the 

selected individuals.  

 In general there are several symptoms and signs related to osteoarthritis, these 

include pain, stiffness, change of joint shape visible on the body, functional impairment 

and to some extent anxiety and depression. Aside from the symptoms, there are several 

signs that also indicate the disease, such as crepitus, tenderness, reduced range of 

motion, instability, deformity, muscle wasting, muscle weakness and finally increased 

warmth and effusions. In modern society pain is considered to be the most important 

symptom for osteoarthritis and the main reason for seeking medical assistance. Pain is 

also associated with more severe radiographic changes (Arden and Cooper 2006, 6; 

O’Reilly and Doherty 2003, 197-9; Roemer et al. 2006, 49-50). The experience of 

symptoms tends to be personal and is thus difficult to generalise; however certain tasks 

will be impeded by severe osteoarthritis and can thus, cautiously, be applied to the past. 

 From the results it was clear that rotator cuff changes were common in all the 

samples, particularly amongst males (section 5.2.3.1.). Rotator cuff tendinitis and tears 

often present the individual with pain in the region of the deltoid muscle in the shoulder. 

This pain can cause considerable discomfort during movement and can lead to muscle 

weakness. Pain is aggravated with abduction, elevation, sustained overhead movements, 

flexion, and external rotation movements. This can be translated into an activity that is 

difficult for patients, such as the experience of pain while getting dressed or labour that 

involves repetitive motions and heavy lifting (Dalton 1994, 5.8.6. – 5.8.7.; Östör 2013, 

1299).  

The highest levels of rotator cuff degeneration in this study were present in 

Barton-upon-Humber. The activities in this town balanced between agriculture (corn, 

malt and flour trade), industry (brick and tile production, ship building, roping, etc.) and 

transportation (ferry services from Barton-upon-Humber to Hull), and it was possible to 

imagine that the individuals included here were involved in some of these activities. 

Thus, problems with repetitive motions, heavy lifting, abduction, flexion and heavy 

rotation must have caused considerable discomfort for the individuals affected and 

would have impeded their working capability. However, it was not just their work lives 

that would have been affected; even factors such as getting dressed involved elevation 

and abduction of the joint and would have been painful. For women, the already 

arduous process of doing laundry would become even more so if rotator cuff problems 

arose. 
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Significant problems with performing daily activities can occur when 

osteoarthritis of the patellofemoral or tibiofemoral joints is diagnosed. Pain associated 

with osteoarthritis of the knee tends to be localised and restricted to the involved 

compartment. Common problems occur during walking or climbing stairs, but pain and 

stiffness can also occur during long periods of sitting. Osteoarthritis in the tibiofemoral 

and patellofemoral compartments impairs flexion and extension during walking often 

leading to an adaptation of the gait to alleviate pain. In patellofemoral osteoarthritis, 

quadriceps weakness can lead to a sense of instability while walking (Dejour et al. 2008, 

15-6; O’Reilly and Doherty 2003, 207-208; Resnick and Kransdorf 2005, 383-4). While 

there were no specific site-related patterns observed in this study relating patellofemoral 

and tibiofemoral disease, it was possible to state that when severe degeneration of the 

knee was observed, the individual in question would have suffered from problems while 

walking, sitting down for long times, and even instability of the patellofemoral 

compartment was affected. 

 In the cemetery of St Michael and St Lawrence’s Church in Fewston is the grave 

of a man named Joseph Darnbrook and his wife Mary (Figure 7.6). This grave was part 

of the excavations that took place in the cemetery, and Joseph and Mary were identified 

as individual 307 and 300 respectively. Joseph Darnbrook was born in 1791 in 

Kettlesing, the son of Joseph Danbrook and Sarah Gilbertson, and died in Fewston on 

the 7th March 1869, one year before Mary. Together they had three children, Gilbertson, 

Sarah and Bentley.5 In the 1841 Yorkshire census records Joseph Darnbrook was listed 

as 50 years old and a farmer by occupation, in 1851 Joseph was 60 and recorded as a 

farmer of 44 acres, and finally in the 1861 census Joseph, now 70, was recorded as a 

retired farmer.6  

 

                                                
5 http://familytreemaker.genealogy.com/users/h/a/r/Joyce-Harrison-North-
Yorkshire/WEBSITE-0001/UHP-1169.html (15/08/2015) 
6http://www.thegenealogist.co.uk/search/master/?firstname=JOSEPH&lastname=DAR
NBROOK&eventbox=all (15/08/2015) 
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Figure	  7.6	  Grave	  monument	  of	  Joseph	  Darnbrook	  and	  his	  wife	  Mary	  in	  the	  cemetery	  of	  St	  Michael	  and	  
St	  Lawrence’s	  church,	  Fewston.	  (©Graham	  Newby	  (photographer),	  image	  reproduced	  with	  permission	  
of	  Charles	  Sale	  and	  Gravestone	  Photographic	  Resource	  website.	  GPR	  grave	  number	  40338	  –	  image	  
name	  0196).	  
 

The analysis of Joseph’s osteological remains revealed that seven joints in his 

body were unilaterally and five bilaterally affected by degeneration. He had minimal 

degeneration of both temporomandibular joints and DJC is observed in both hip joints 

(Figure 7.7A), in the left and right first metacarpophalangeal joints and in the left and 

right first and third distal interphalangeal joints of the hand. His right glenohumeral 

joint was affected by DJC and rotator cuff changes (Figure 7.7B), but the left side was 

not present for observations. Both the medial and lateral compartments of the right 

patellofemoral joints were affected by DJC, which was also present in several distal 

interphalangeal joints of the hand.  
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A  

B  
Figure	  7.7	  A.	  Right	  and	  Left	  acetabuli	  of	  individual	  307,	  Fewston.	  ;	  B.	  Right	  glenoid	  fossa	  and	  head	  of	  
the	  humerus	  from	  individual	  307,	  Fewston.	  
 

 The minimal temporomandibular joint changes, only located in the mandibular 

fossa, were not severe enough to have an effect on daily life. The DJC observed in 

Joseph’s hands followed the clinical pattern that males tended to be more affected in the 

metacarpophalangeal joints than females (Kalichman and Hernández-Molina 2010, 467; 

Paradowski et al. 2010, 917). When examining the combined pattern of Joseph’s DJC 

(in the hands, hips, patellofemoral joint and rotator cuff degeneration), it appears to be 

related to the risks related to farming as described in section 7.3.1.3. The activities 

related to farming, such as lifting, being in uncomfortable positions and carrying heavy 

loads tended to adversely affect all of the joints mentioned here. The census information 

indicated that Joseph was a farmer for most of his life, and thus the activities that he 

performed daily, along with a genetic predisposition, could have led to DJC in his joints, 

which would then have potentially impaired certain daily-activities, such as his work, 

getting dressed, eating and drinking, carrying/lifting items, handling small objects and 

rising from a chair. Unfortunately radiological changes do not always mean that 
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symptomatic problems are also present, and thus these suggestions remain purely 

speculative (Coggon et al. 1998, 523; Dalton 1994, 5.8.6. – 5.8.7.; Mannoni et al. 2003, 

577; Östör 2013, 1299; Rossignol et al. 2003, 882, 884; Rossignol et al. 2005, 775; 

Vingård et al. 1997, 293; Zhang et al. 2002, 1025-1026). The case of Joseph Darnbrook 

is rare in palaeopathology, due to the fact that the census information allowed for an 

identification of the individual and provides more detailed information about his life. 

 

7.5.2. Attitudes	  towards	  Osteoarthritis	  in	  the	  Past	  
The availability of modern health care means that consulting a medical 

professional and receiving effective medication is taken for granted today, but this was 

not necessarily so in the past. One study examined the health of women from the 1930s 

in a large national survey (Spring Rice 1939). Despite the fact that this work relates to a 

slightly later period, the living circumstances of the poorer women were similar to those 

living a century before them. Based on the answer to the question “Do you usually feel 

fit and well?” the women who participated were divided into four groups. The first 

group was considered to be fit and well and only three complaints of rheumatism were 

registered in this group of women, who generally had long working days in the home, 

had many children, lived in small quarters and were engaged in heavy domestic duties 

(Spring Rice 1939, 28, 32-35). The second group was generally fit, but suffered from 

chronic conditions. The third and fourth groups were not in good health, but only 

differed in their attitude towards it; for example women in the third group responded 

that they felt fit and well, but had numerous conditions and were thus classified as 

unwell, whereas the fourth group replied that they had never felt well and had numerous 

afflictions (Spring Rice 1939, 28). The latter two groups thus showed a remarkable 

difference in dealing with disease. An example from group 3 was a woman of 35 years 

of age from Cardiff, who had nine children and one miscarriage. Four of the children 

had died, her husband had been out of work for a few years and she suffered from 

anaemia and rheumatism, yet she stated that she felt fit and well (Spring Rice 1939, 36).  

The main health problems recorded in this survey were anaemia, headaches, 

constipation, rheumatism, gynaecological trouble, carious teeth and toothache. 

Rheumatism was considered to be an inevitable part of life and occurred in a total of 

258 women out of the 1250 surveyed, which is 20.6% of the total sample. In women it 

appears that the disease was rarely treated, yet in men rheumatism was treated more 

readily than other ailments due to the fact that it could impact work-ability. Poverty was 

the largest factor in the inability to seek treatment and, especially for the women, the 
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health of the breadwinner and their children was more important than their own. When 

treatment was sought it would often include rest, better food and fresh air, which was 

not feasible for many women from the 1930s and in the nineteenth century (Spring Rice 

1939, 37, 39, 40, 43).  

It is possible to conclude that the general attitude towards health and life in the 

past was one of getting on with the business at hand, acceptance and making the best of 

it, regardless of health problems (Spring Rice 1939, 92-3). Diseases would be seen as 

common and there was often no choice but to continue daily toils as best one could.  

While this information is based on a single study it would be interesting to examine the 

attitudes towards disease in the past further.  

 

7.6. A	  Comparative	  Study	  of	  the	  Compartmental	  

Distribution	  of	  Degeneration	  in	  Palaeopathology	  

The importance of compartmental recording has been highlighted previously (Burt 

et al. 2013; Jurmain 1999; Waldron 2009; Waldron 2012; Weiss and Jurmain 2007). 

“The separation of the knee, TMJ, and shoulder joints into compartments allows a more 

detailed analysis …, which is critical because OA aetiology varies within as well as 

between the joints.” (Burt et al. 2013, 10). This section focuses on the compartmental 

approach and will use the shoulder and elbow, the patellofemoral, and tibiofemoral 

joints, to further evidence the importance of using this approach in palaeopathology. 

The importance of distinguishing between DCJ, osteoarthritis and rotator cuff 

changes in the glenohumeral joint has been highlighted above. Osteoarthritis in the 

glenohumeral joint was uncommon in this sample (2/539 individuals). Rotator cuff 

changes and DJC on the other hand were common and often had similar prevalence 

levels. This made sense given that problems in the rotator cuff muscles can lead to 

glenohumeral destabilisation (Resnick and Kransdorf 2005, 373; Watt and Doherty 

2003, 216).  

Clinical research has also suggested that rotator cuff degeneration can have an 

effect on the lateral epicondyle of the elbow (Chard et al. 1994, 30). In this study, 

significant relationships between DJC and osteoarthritis in the lateral elbow 

compartment and the presence of rotator cuff changes were also observed. There was an 

additional relationship between rotator cuff changes and DJC in the medial elbow, 

suggesting that a relationship exists here too (Table 7.12). This indicated that the results 

from the Post-Medieval populations were similar to clinical data, thus suggesting that 
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the factors influencing these specific degeneration patterns were similar between the 

two time periods, due to biomechanical changes that remained constant.  

 

	   Left	  Lateral	  Elbow	  (DJC)	  
0	   1	   Fisher’s	  Exact	  Test	   Cramer’s	  V	  test	  

Left	  
Rotator	  
Cuff	  

0	   275	   4	  
11.808,	  p.003	   .230,	  p.003	  

1	   33	   5	  

	   Right	  Lateral	  Elbow	  (DJC)	  
Right	  
Rotator	  
Cuff	  

0	   283	   4	  
7.821,	  p.047	   .145,	  p.047	  

1	   50	   4	  

	   Right	  Lateral	  Elbow	  (OA)	  
Right	  
Rotator	  
Cuff	  

0	   282	   5	  
24.131,	  p.000	   .195,	  p.000	  

1	   45	   9	  
	   Left	  Medial	  Elbow	  (DJC)	  
Left	  
Rotator	  
Cuff	  

0	   286	   23	  
10.482,	  p.004	   .197,	  p.014	  

1	   29	   10	  

	   Right	  Medial	  Elbow	  (DJC)	  
Right	  
Rotator	  
Cuff	  

0	   292	   28	  
11.120,	  p.004	   .181,	  p.005	  

1	   43	   14	  
Table	  7.12	  Correlations	  between	  degeneration	  in	  the	  rotator	  cuff	  and	  the	  medial	  and	  lateral	  
compartments	  of	  the	  elbow.	  
 

Clinical research has also found that the presence of bilateral rotator cuff 

changes occur more commonly as a person ages (Nho et al. 2008, 988). Table 7.13 

shows that the number of bilateral cases (in bold) increased throughout the age 

categories, and Fisher’s Exact tests indicate that there were statistically significant 

relationships between age and the presence of rotator cuff changes. Cramer’s V tests 

showed that these relationships are very strong.  
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	   Right	  Rotator	  Cuff	   	  
0	   1	   Fisher’s	  Exact	  Test	   Cramer’s	  V	  test	  

Young	  
Adult	  

Le
ft
	  R
ot
at
or
	  C
uf
f	  

0	   67	   1	  
20.357,	  p.000	   .860,	  p.000	  

1	   0	   3	  

Middle	  
Adult	  

0	   104	   9	  
26.578,	  p.000	   .553,	  p.000	  

1	   5	   8	  

Old	  
Adult	  

0	   87	   10	  
34.528,	  p.000	   .594,	  p.000	  

1	   5	   15	  

Adult	  
0	   30	   3	  

12.334,	  p.003	   .674,	  p.003	  
1	   0	   3	  

Table	  7.13	  Associations	  between	  the	  left	  and	  right	  rotator	  cuff	  degeneration	  correlated	  with	  age.	  0=	  
no	  changes,	  1=	  degeneration	  present.	  Bold	  numbers	  are	  bilateral	  cases	  of	  the	  disease.	  
 

A potential future project would be to use geometric morphometrics to examine 

the shape of the acromion process in archaeological populations. Clinical research into 

rotator cuff tears has indicated that there are three types of acromion shapes and each 

has their own prevalence for rotator cuff changes (Bigliani et al. 1986, 228; Figure 7.8). 

It would be interesting to examine whether the same relationships between acromion 

shape and rotator cuff changes can be found in the archaeological record. 

 

 
Figure	  7.8	  Acromion	  morphology.	  (a)	  Type	  1	  flat,	  (b)	  Type	  2	  curved	  and	  (c)	  Type	  3	  hooked.	  (Drawing	  by	  
D.	  Craps,	  based	  on	  image	  from:	  ©	  http://www.arthritisresearchuk.org/health-‐professionals-‐and-‐
students/reports/topical-‐reviews/topical-‐reviews-‐autumn-‐2010.aspx;	  consulted	  07/08/2014).	  
 

The patellofemoral joint is usually not analysed using a compartmental approach 

in either clinical or palaeopathological research; however clinical research does state 

that the lateral side of this joint is more often affected by osteoarthritis than the medial 

side and this observation was confirmed in the palaeopathological data (Abhishek and 

Doherty 2013, 1178; Hinman and Crossley 2007, 1058a). The aetiology of 

patellofemoral degeneration is uncertain, but rheumatological conditions, trauma or 

patellar dislocation are common causative factors for developing secondary 
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osteoarthritis in the joint (Dejour et al. 2008, 15). In this study the medial 

patellofemoral compartment was more commonly affected by DJC than the lateral 

patellofemoral compartment, but the latter was more commonly affected by 

osteoarthritis than the former. This suggested that similar biomechanical forces could be 

at play for the distribution of DJC and osteoarthritis within these joint compartments. 

The differential distribution for sex indicated that different risk factors should be 

taken into consideration when examining each compartment within the patellofemoral 

joint. In addition, the differential distribution between the sites and between the sexes 

can indicate that environmental and biomechanical factors are more likely to predispose 

individuals to degeneration in the patellofemoral joint compartments.  

Finally the unilateral/bilateral distribution of degeneration between the 

compartments was also significant. In both the medial and lateral compartments, 

unilateral degeneration was more common than bilateral degeneration, thus suggesting 

that the left and right medial, and the left and right lateral, compartments were not 

influencing each other in the development of degeneration. What was surprising, when 

examining the complete patellofemoral joint, was that only one compartment of the 

patella was affected. The results also showed that for both the medial and lateral 

compartments, females were more commonly bilaterally affected than males, which 

corresponded with the findings for primary osteoarthritis development in clinical studies 

(Dejour et al. 2008, 21).  

The previous facts have indicated that there is still much to learn about the 

patellofemoral joint and that palaeopathological analysis indicated variable, detailed 

patterns, which can be compared to modern clinical data. Patellofemoral degeneration 

can remain asymptomatic for a long time, but when pain is present it is often 

debilitating (Dejour et al. 2008, 21). A future project could focus on the 

interdisciplinary analysis of the location of degeneration within the patellofemoral joint, 

including a biomechanical and morphological analysis of this joint. 

Osteoarthritis in the tibiofemoral joint compartments has a variable aetiology, 

with predisposing causes ranging from age and gender to obesity, nodal osteoarthritis 

and degeneration of the menisci or cartilage, microtrauma through activity-related 

causes, or due to injuries to the knee, most commonly meniscal tears (Abhishek and 

Doherty 2013, 1188; Noël and Nissen 2008, 59; O’Reilly and Doherty 2003, 206). 

Compartmental distribution of degeneration in the tibiofemoral joints is already 

common practice in clinical research and is starting to be employed by 

palaeopathologists (Henderson et al. 2013; O’Reilly and Doherty 2003, 206; Plomp et al. 
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2013; Väre et al. 2012; Waldron 1991; Weiss and Jurmain 2007). The importance of 

compartmental research is emphasised by Abhishek and Doherty (2013, 1188): 

“Whether differing risk factors are important at different compartmental sites is unclear, 

but some studies do suggest that this may be the case. For example, tibiofemoral 

disease may be more strongly associated with trauma whereas patellofemoral disease 

may be associated with coexisting calcium pyrophosphate crystal deposition and female 

gender.” Such associations could be tested on past populations and would make for 

interesting research projects. 

Clinical research has shown that the medial tibiofemoral compartment tends to 

be more commonly affected by osteoarthritis than the lateral compartment, as was also 

observed in the Post-Medieval sites (Abhishek and Doherty 2013, 1187). It was 

interesting that the number of cases of DJC in the Post-Medieval sample was similar 

between both compartments, which once again makes a case for examining DJC and 

osteoarthritis as separate entities. When the medial compartment is affected by severe 

osteoarthritis it tends to result in the malalignment of the knee, causing stress across the 

knee and hip joints. This malalignment is most commonly a varus malalignment, but a 

valgus deformity can also occur when osteoarthritis affects all compartments. Bilateral 

degeneration is also more commonly observed than unilateral degeneration and 

presence of the latter usually indicates trauma (Abhishek and Doherty 2013, 1188; 

O’Reilly and Doherty 2003, 207).  

The fact that osteoarthritis distribution between the compartments is similar in 

the clinical and the Post-Medieval populations indicates that risk factors for 

tibiofemoral osteoarthritis are similar between the two time periods. The fact that DJC 

has similar levels between the two compartments provides a further indication that DJC 

aetiology is subject to different causes than osteoarthritis and should thus be recorded 

separately in palaeopathology. It must be stated that the levels of DJC and osteoarthritis 

were similar between the rural and urban populations, which potentially indicates that 

intrinsic, rather than environmental, factorswere more important.  

 

7.7. Palaeopathological	  Patterns	  in	  Hand	  and	  Foot	  

Degeneration	  Compared	  to	  Clinical	  Research	  

This section discusses the palaeopathological data for the hands and feet and 

correlates this with modern clinical information and, where possible, other Post-

Medieval sites.  
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Modern clinical research has found hand osteoarthritis to be one of the most 

common forms of the disease, with a range of intrinsic risk factors, such as age, genetics, 

sex, ethnicity, weight, articular hypermobility, grip strength and handedness, and 

extrinsic risk factors, such as occupation, geographical location, climate and smoking. 

Age tends to be the most important risk factor for primary osteoarthritis and women are 

more commonly affected in the wrist and hand than men (Fumagalli et al. 2005, 47-48; 

Gabay and Gabay 2013, 130-131; Hart and Spector 2000, S3-S4; Kalichman and 

Hernández-Molina 2010, 465, 467-71; Kalichman et al. 2010, 118; Paradowski et al. 

2010, 917; Patel et al. 2012, 173, 178). It has been suggested that occupational risk 

factors are more likely to influence the proximal joints in the hand, specifically the first 

carpometacarpal joints, whereas the distal joints are more closely influenced by intrinsic 

factors, but this could only be assessed in a population where age, sex and 

“occupational mobility” is known (Kalichman and Hernández-Molina 2010, 471). 

Appendix D presents the tables for the sex-related distribution of DJC and osteoarthritis 

in this palaeopathological study. 

Osteoarthritis and DJC once again affected the wrist joint differently in this 

study; where the former occurred mainly in the distal ends of the radius and the ulna, 

the scaphoid, lunate and the trapezium, the latter was commonly recorded in the 

proximal row of the wrist. This would suggest that either osteoarthritis overlapped the 

DJC in the scaphoid and trapeziumbones or that there were different processes at work 

for DJC and osteoarthritis. A clinical study on 1,128 Japanese adult individuals found 

that, within the wrist, osteoarthritis occurred more on the ulnar side and in the distal 

radioulnar and radiolunate articulations (Katayama et al. 2013, 1253). Sex distribution 

of degeneration within the wrist varied between the sites, for example both DJC and 

osteoarthritis occurred more in females in Barton-upon-Humber and more in males in 

Coach Lane and Coronation Street (Table D.1 and Table D.2). 

In the proximal ends of the metacarpals, osteoarthritis and DJC were found more 

commonly on the first metacarpal, where it articulated with the trapezium as the first 

carpometacarpal (CMC) joint (Table D.3 and Table D.4). This pattern is also commonly 

observed in clinical research and in other palaeopathological studies (Kalichman and 

Hernández-Molina 2010, 466; Paradowski et al. 2010, 917; Patel et al. 2012, 181; 

Talwalkar et al. 2008, 305; Waldron 1993, 215; Waldron 1996, 1294).  

First CMC joint osteoarthritis clinically occurs more often in females than males 

and increases in prevalence as the person ages. There is no obvious answer for this sex 

difference and the role of hormones has been heavily debated (Halilaj et al. 2014, 2709; 
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Patel et al. 2012, 181). In the palaeopathological sample the prevalence of degenerative 

changes were low, yet the Barton-upon-Humber population followed general clinical 

trends on sex distribution for both DJC and osteoarthritis, whereas in Coach Lane and 

Coronation Street males tended to be more affected (Table D.3 and Table D.4). A study 

by Waldron (1993, 215; 1996, 1294) on a range of London populations also found that 

females were more affected than males in the first CMC joint.  

Clinical studies have indicated that the most commonly affected phalangeal 

joints in later life are the distal interphalangeal joints (DIP), whereas the 

metacarpophalangeal joints (MCP) are affected earlier in life. Females tend to have 

more DIP joint osteoarthritis, whereas males have more MCP joints affected 

(Kalichman and Hernández-Molina 2010, 466-467; Paradowski et al. 2010, 917; Wilder 

et al. 2006, 954-955). The palaeopathological data followed the clinical patterns for 

both DJC and osteoarthritis in the MCP joints (Table D.5 and Table D.6). However, in 

the contemporaneous Post-Medieval studies on London collections no real pattern was 

present (Waldron 1993, 215; Waldron 1996, 1294).  

In the palaeopathological study the proximal interphalangeal (PIP) joints 

presented a different pattern; females tended to be more affected by osteoarthritis, 

whereas DJC was population specific (Table D.7 and Table D.8). Clinical research has 

found that the third PIP joint is most affected of all the PIP joints and that females tend 

to have more osteoarthritis in these joints. The third PIP joint was also most commonly 

affected in the Post-Medieval populations, but the sex prevalence tended to differ 

between the sites (Paradowski et al. 2010, 920; Waldron 1993, 215; Waldron 1996, 

1294; Wilder et al. 2006, 956-957)  

In the DIP joint, once again similarities and differences were observed between 

the palaeopathological and clinical data. The first and third DIP joints were most 

commonly affected in all populations, which was in accordance with clinical patterns. 

Sex distribution was once again population specific and did not follow the clinical 

patterns in all the examined sites (Table D.9 and Table D.10). A clear explanation is not 

available for this divergent pattern. In general the data from populations examined by 

Waldron (1993, 215; 1996, 1293-4) follow the clinical results. 

Primary ankle osteoarthritis is considered to be a rare occurrence in clinical 

research, because the aetiology of osteoarthritis in the ankle is most commonly related 

to traumatic factors (Demetriades, et al. 1998, 28; Intema et al. 2011, 668; Resnick and 

Kransdorf 2005, 388; Valderrabano et al. 2009, 1803). Not many cases were observed 

in this study. The Coach Lane males were slightly more affected by both DJC and 
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osteoarthritis than females, but no other patterns were observed (Table D.11 and Table 

D.12).  

 Within the palaeopathological data for the MTP, PIP and DIP joints of the foot 

there were no patterns to be observed between the sexes, and there was a consistent rise 

throughout the age categories (Table D.13 – Table D.20). The most commonly affected 

joint was the first MTP joint in all populations in this study. While not much is known 

about the risk factors for developing foot osteoarthritis, one study has suggested a 

genetic component, due to the fact that they found a relationship between osteoarthritis 

of the foot and osteoarthritis in the hand and knee (Wilder et al. 2005, 213-4).  

Common conditions in the first MTP joint include hallux valgus (medial 

deviation of the first metatarsal and lateral deviation of the phalanges of the big toe) and 

hallux rigidus (degeneration at the metatarsophalangeal joint), which commonly occurs 

through the wearing of inappropriate shoes. These can lead to foot pain, problems with 

walking, climbing stairs and doing housework (Leveille et al. 1998, 661; O’Reilly and 

Doherty 2003, 208; Resnick and Kransdorf 2005, 389; Wenham and Conaghan 2013, 

1192). Palaeopathological studies have mainly focused on hallux valgus and its 

relationship to foot wear (Mafart 2007, 166; Mays 2005a, 139; Trujillo-Mederos et al. 

2012, 1). This study did not seek to specifically identify hallux valgus, but during the 

recording process a note was made of the presence of extra intra-articular facets of the 

proximal first metatarsal. It would be interesting in the future to see if these correlate 

with the presence of degeneration in the first MTP joint and could thus indicate the 

presence of hallux valgus. It can be concluded for the foot that the prevalence of joint 

degeneration in the sites examined was low. This correlates with modern clinical data, 

and that the distribution of degeneration within the foot is also similar to modern day 

patterns. Despite the low prevalence of degeneration, the consequences of foot 

osteoarthritis can be disabling for the individuals affected. 

 

7.8. A	  Multidisciplinary	  Approach	  towards	  Explaining	  the	  

Patterns	  Observed	  in	  the	  Anatomical	  Distribution	  of	  

Pathological	  Lesions	  

In the previous chapter the results of the analysis of the anatomical distribution 

of degenerative pathological features within the selected joints were reported. The 

following sections will discuss the implications of these results for the ball-and-socket 

joints, and for the hinge joints. The discussion will take into account clinical, 
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biomechanical and palaeopathological literature in order to interpret the observed 

patterns. 

 
7.8.1. The	  Ball-‐and-‐Socket	  Joints	  
In the glenohumeral joint and the hip joint similar patterns were observed: the 

stable parts of both joint structures were more affected by pathological lesions than the 

mobile parts. In each population examined, on both the left and right side, and in all the 

sex and age categories, this pattern is consistent. This would suggest that the results 

cannot be explained by sex, age, social or geographical factors, but rather that the 

prevalence of this distribution is related to unknown factors in the joint. When the 

criterion for inclusion was adjusted (two pathological lesions must be present in the 

skeletal element to be included), then the same pattern was still observed. Statistical 

significance levels varied between the joints and sites, but the pattern was always 

clearly observable. The following will examine whether this pattern has been observed 

in other clinical and palaeopathological studies and attempt to explain the aetiology 

behind this pattern through an anatomical and biomechanical analysis.  

General clinical studies tend to treat both the glenohumeral and hip joint as a 

complete joint, and thus the pattern observed here cannot be directly compared to 

clinical studies, however research into arthroplasty does tend to examine the skeletal 

elements separately (Dougados et al. 1996, 357; Ledingham et al. 1992, 1112; Roemer 

et al. 2011, 947; Tanzer and Noiseux 2004, 170). The occurrence of pathological lesions 

in the glenohumeral joint can have an effect on the anatomy of the joint, but the debate 

in clinical research centres on the question of whether abnormal anatomy produces 

pathological lesions or if pathological lesions predispose the joint to abnormal anatomy 

(Moor et al. 2013, 935; Ricchetti et al. 2013, 2932). Either way this would affect the 

way in which the joint is affected and the anatomical location of lesions (Strauss et al. 

2009, 821). A total shoulder replacement gives better results to the patient compared to 

a humeral head replacement, which indicates the importance of both skeletal elements 

in the function of the joint (Radnay et al. 2007, 396). In general, clinical studies have 

found that the most common lesions in both the glenohumeral joint and the hip joint are 

osteophytes, which could have an impact on the patterns observed in this study (Resnick 

and Kransdorf 2005, 373; Tsurumoto et al. 2013, 9). This potential impact will be 

explored later in this section.  

Few palaeopathological studies have used the compartmental approach for the 

glenohumeral and hip joints and thus this pattern has only been observed in a small 
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number of studies. Jurmain (1980, 144-5) examined individuals from the twentieth 

century Terry Collection, a twelfth century Pecos Pueblo, New Mexico, USA 

population, and finally a mixture of Alaskan Eskimo population samples. He found that 

joint changes, including osteophytes, porosity, eburnation and contour change, were 

most common within the stable elements of the ball-and-socket joints within all the 

populations. Brickley et al. (2006, 108) also found this pattern in the people from Post-

Medieval St Martin’s in Birmingham, UK and at the medieval site of Wharram Percy, 

UK (Mays 2007, 155).  Many palaeopathological studies report on shoulder or hip joint 

arthritis as “complete joints affected”, but do not focus on their individual elements 

(Bridges 1991, 380-1; Jin Woo and Sciulli 2013, 533; Klaus et al. 2009, 209; Lieverse 

et al. 2007, 7; Schrader 2012, 64; Waldron 1991, 303; Waldron 1995, 386).  

 The similar patterns observed within the glenohumeral and hip joints are even 

more remarkable when considering the differences in their anatomical structures. While 

they are both ball-and-socket joints, the glenohumeral joint is a shallow joint, in which 

the so-called ball (head of the humerus), is not embedded into the socket (the glenoid 

fossa), and it is one of the most mobile joints in the body (Figure 7.9A). In the hip joint 

the head of the femur is enclosed by the acetabulum and can thus be considered as a 

deeper ball-and-socket joint (Figure 7.9C). The size of the two joints also differs. The 

head of the humerus is spherical and considerably larger than the shallow bean-shaped 

surface of the glenoid fossa, which is approximately one-fourth the size of the humeral 

head. This variability in shape and length influences the biomechanics at the joint 

(Brinckmann et al. 2002, 130; Floyd 2009, 229; Hamill and Knutzen 2003, 132, 175; 

Oatis 2004, 126-7, 667). The acetabulum is concave and large enough to encompass the 

spherical head of the femur. Stability is different in both joints. In the glenohumeral 

joint the difference in size between the two elements and the fact that the joint is 

minimally stabilised by ligaments and held together by muscles, leads to instability in 

the joint (Figure 7.9B). It is interesting to note that the scapula’s only articulation with 

the rest of the axial skeleton is through the clavicle. The hip joint is held in place by 

strong ligaments covering the acetabulum and the head and neck of the femur (Figure 

7.9 D). Whereas the glenohumeral joint is more of a load-carrying joint, the acetabulum 

is designed for the weight bearing demands that are placed upon it (Brinckmann et al. 

2002, 130; Floyd 2009, 229; Hamill and Knutzen 2003, 132, 175; Oatis 2004, 126-7, 

667). Thus the anatomical analysis does not elucidate the aetiology behind the pattern 

observed here. 
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A  B   
 
 

C   D  
Figure	  7.9	  A.	  The	  glenohumeral	  joint;	  B.	  The	  ligaments	  and	  muscles	  surrounding	  the	  glenohumeral	  
joint;	  C.	  The	  hip	  Joint;	  D.	  The	  ligaments	  and	  muscles	  surrounding	  the	  hip	  joint	  (Drawings	  by	  D.	  
Craps).	  

 

Biomechanical analysis could provide some explanations for the pattern but a 

study by Brinckmann et al. (2002, 84) on the hip joint stated “If the destruction of the 

joint were due predominantly to mechanical factors, we would tend to expect signs of 

mechanical overloading to be visible first in the head and not in the acetabulum. 

However, this seems not to be the case.” Biomechanics of the hip indicate that the force 

vectors placed upon the joint are variable in its components (in the head of the femur); 

there is minimal variation in the direction of the loading vectors, whereas in the 

acetabulum the variation is significantly larger. This means that, in the head of the 

femur, the force vectors move along the length of the leg, in one direction, whereas for 

the acetabulum the force vectors can occur in multiple directions (Brinckmann et al. 

2002, 84; Figure 7.10A and B). Additionally, during walking the entire surface of the 

acetabulum comes into contact with the femoral head, whereas only specific areas of the 

cartilage of the head of the femur come into contact with the acetabulum during 
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particular points in the walking cycle (Rothschild and Woods 2012, 7). For the 

glenohumeral joint, biomechanical actions show that during movement only a small 

portion of the articular surface of the humeral head is in contact, whereas the articular 

surface of the glenoid fossa is much more uniformly affected during contact and 

movement (Figure 7.11A and B; Soslowsky et al. 1992, 524). This then means that for 

both joints there is more pressure being placed upon the stable components than on the 

mobile components, a notion that has been remarked upon by Jurmain (1980, 144). He 

states that the influence of age is most observed in the stable compartments and that this 

could be the result of biomechanical stress factors that distribute pressure evenly over 

the joint surface. Thus, biomechanics explains part of the pattern but, as is stated in the 

quote above, biomechanical factors are not the only explanation for the pattern observed. 
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B  
Figure	  7.10	  A	  The	  muscles	  and	  ligaments	  of	  the	  hip	  joint;	  B.	  The	  different	  force	  vectors	  that	  act	  
upon	  the	  hip	  joint.	  (Drawings	  by	  D.	  Craps).	  
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B  
Figure	  7.11	  A	  The	  muscles	  and	  ligaments	  of	  the	  glenohumeral	  joint;	  B.	  The	  different	  force	  vectors	  
related	  to	  the	  muscles	  that	  act	  upon	  the	  glenohumeral	  joint.	  (Drawings	  by	  D.	  Craps).	  
 

These paragraphs have highlighted some interesting facts relating to the 

observed pattern in the ball-and-socket joints. Regardless of sex, age, geographical 

location or time period the pattern is present in these joints. Biomechanics can provide 

an explanation through force vectors, but more research is necessary and in the next 

section the influence of separate degenerative features on these patterns will be explored.  
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7.8.2. Are	  Osteophytes	  the	  Key?	  
In the clinical literature review on osteoarthritis it has been stated that particular 

features of degeneration occur in different phases. Eburnation and deformity are part of 

the destructive phase and occur in the pressurised part of the joint, whereas osteophytes 

belong to the productive phase and are found in the non-pressurised part of the joint 

(Resnick and Kransdorf 2005, 360; van der Korst 1991, 10). Typical bone changes 

involved in joint degeneration are osteophyte formation, subchondral plate thickening, 

focal areas of necrosis and bone remodelling (Loeser 2013, 110; Zamli et al. 2014, 1). 

Whether there are patterns in the distribution of specific pathological changes, which 

can provide an explanation of the patterns described above, are explored here.  

Tsurumoto et al. (2013, 9) found that osteophytes are the most common 

pathological observations in the glenohumeral and hip joints and this pattern was also 

observed in the archaeological samples studied here. (Figure 7.12, Figure 7.13, Figure 

7.14, Figure 7.15, Figure 7.16). Only the left joints are presented here in order to make 

the figures clearer, as the pattern for the right sides were the same. At Wharram Percy 

and St Martin’s Birmingham the same pattern was present, where marginal osteophytes 

are the most common pathology and occur more in the stable compartments of the hip 

and glenohumeral joints (Brickley et al. 2006, 108;Mays 2007, 154-155; Appendix F, 

Table F.1). Thus it is possible to state that the differential patterning of pathological 

changes in the glenohumeral and hip joints is due to the presence of marginal 

osteophytes. 

 

 
Figure	  7.12	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  glenohumeral	  and	  hip	  
joints	  in	  Fewston.	  
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Figure	  7.13	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  glenohumeral	  and	  hip	  
joints	  in	  Barton-‐upon-‐Humber.	  
 

 
Figure	  7.14	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  glenohumeral	  and	  hip	  
joints	  in	  Hanging	  Ditch.	  
 

 
Figure	  7.15	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  glenohumeral	  and	  hip	  
joints	  in	  Coach	  Lane.	  
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Figure	  7.16	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  glenohumeral	  and	  hip	  
joints	  in	  Coronation	  Street.	  
 

 Clinical research has shown that osteophytes tend to occur in the area of the 

joint in which there is less pressure, thus following the path of least resistance (Rymore 

2013, 13; van der Kraan and van den Berg 2007, 237). As was evident from the 

biomechanical analysis, the force vectors were heavier in the glenoid fossa and the 

acetabulum, which was why more marginal osteophytes developed in this area of the 

joint. The causes of osteophytes are still not well understood and it is not possible to 

prove or disprove whether they occur because of joint degeneration, or if they are solely 

a functional adaptation, which assists in stabilising the joint (Loeser et al. 2012, 1701; 

Rymore 2013, 13; van der Kraan and van den Berg 2007, 237). However, for now, it is 

possible to state that the explanation for the differential distribution in ball-and-socket 

joints lies largely in the presence of osteophytes formed in the non-pressurized parts of 

the joints to represent either functional adaptation, or a reparative feature in joint 

degeneration. 

Another pattern that can be observed from the figures above is that the range of 

pathological changes that are present in the joint elements are much more varied in the 

hip than in the glenohumeral joint. A possible explanation for this can be related back to 

biomechanics. The glenohumeral joint is a load-carrying joint, whereas the hip joint is a 

weight bearing joint. It is possible that the variability in pathological changes observed 

in the hip is due to the higher loads that are constantly placed upon this joint. The 

glenohumeral joint, on the contrary, is not constantly under pressure of load carrying. 

Hopefully future clinical research will provide evidence for this hypothesis. 
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7.8.3. The	  Hinge	  Joints	  
As stated before the elbow joint was subdivided into medial (ulnohumeral), and 

lateral (radiohumeral) joint compartments. The knee consisted of the patellofemoral and 

tibiofemoral joints and these were once again subdivided into medial and lateral 

components. Both the elbow and the knee are considered to be stable joint 

compartments involved in flexion and extension but, as in the ball-and-socket joints, 

one is weight-bearing and the other is not. Within each of these joints the medial and 

lateral components do not function independently from each other and instability on one 

side can compromise the rest of the joint, but the results have indicated that there were 

differential patterns in the anatomical distribution of pathological lesions within the 

separate compartments (Floyd 2009, 145; Hamill and Knutzen 2003, 193). 

 
7.8.3.i. The	  Elbow	  Joint	  	  

In the medial elbow joint a consistent pattern, across the sites, the sexes and age 

categories, was observed whereby the head of the ulna was more affected than the 

medial distal humerus. Despite the low number of changes recorded in the lateral elbow, 

there was still a pattern observed between the sites, where the disto-lateral humerus was 

more affected than the head of the radius. There was a difference in the distribution of 

changes between males and females. In males, who were more commonly affected, the 

disto-lateral humerus was consistently more affected, whereas in females the head of the 

radius tended to be slightly more affected. When examining the comparison between 

age and the distribution of changes, a differential pattern once again emerged. These 

results indicated that each compartment must be subjected to different factors that 

influenced the presence of pathological degeneration. The following paragraphs 

examine both compartments from a biomechanical, anatomical, clinical and 

palaeopathological point-of-view in order to provide an explanation for the observed 

patterns.  

Despite the fact that the elbow joint has been described as a simple hinge joint, a 

more accurate description would be to call it a trochloginglymoid joint. The 

ulnohumeral joint is the ginglymus and the main flexor/extensor of the elbow and the 

primary stabiliser that lies along the main axis of the arm. The radiohumeral joint assists 

in flexion/extension, but is also responsible for axial rotation (trochoid) and thus 

pronation/supination. It acts as a secondary stabiliser but does not have the interlocking 

capability of the ulnohumeral compartment. The articular surface of this joint is also 

smaller, spherical and structurally different from the ulnohumeral joint (Bryce and 
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Armstrong 2008, 141-142; Floyd 2009, 143-4; Hamill and Knutzen 2003, 147-8; 

Morrey 2009, 16; Oatis 2004, 193, 236). It is thus clear that both the ulnohumeral and 

radiohumeral joints are subjected to heavy loading during everyday activities, but from 

an anatomical perspective the radiohumeral joint is subject to more biomechanical 

forces and articular movement than the ulnohumeral joint. Both compartments are also 

differentially affected by pressure; in the ulnohumeral compartment the highest pressure 

is exerted on the proximal and distal areas of the trochlear notch. For the radiohumeral 

joint the upper rim of the radial head never makes contact, whereas other areas of the 

articulation are in constant movement and friction (An et al. 2009, 43; Bryce and 

Armstrong 2008, 152). Recalling the results for the ball-and-socket joints this 

differential pressure application will likely have an influence on the distribution of 

pathological changes. 

 Clinical research has found that degeneration tends to start in the radiohumeral 

compartment and then proceeds to the ulnohumeral compartment. Research into loading 

of the joint has however indicated that the ulnohumeral compartment may be under 

more pressure due to the fact that the elbow is usually flexed during daily life (Ahrens 

et al. 2001, 52, 55; Rettig et al. 2008, 103-4; Wai Lim et al. 2008, 964). Unlike for the 

glenohumeral and hip joints there is more clinical research available on the distribution 

of pathological changes in the elbow. The most common features in elbow degeneration, 

from a modern clinical perspective, are osteophytes rather than joint space narrowing, 

with a prevalence of 90% in the ulnohumeral and 86% in the radiohumeral 

compartments. The osteophytes in the ulnohumeral compartment were also most 

commonly found on the head of the ulna, and in the radiohumeral compartment 

osteophytes were most common on the radial head (Dalal et al. 2007, 358; Wai Lim et 

al. 2008, 963).  

 The discussion from the previous paragraphs has highlighted a few important 

issues when examining the differential distribution of pathological changes in the elbow 

compartments. Firstly, the distinctive anatomy of the articular structures would suggest 

differential patterning, as the ulnohumeral joint is an interlocking joint, whereas the 

radiohumeral joint is a spherical joint balancing on the capitulum. Secondly pressure on 

the joints differs and clinical studies give conflicting information on which 

compartment is more affected by pressure. The radiohumeral joint is active in more 

movements, but the ulnohumeral joint is a primary stabiliser. Finally, osteophytes are 

the most common pathological changes observed in the elbow joint with a differential 
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distribution within the joint compartments. It is thus necessary to once again examine 

whether osteophytes really are the key. 

In Appendix F the results for the analysis of the separate changes has been 

provided for consultation (Appendix F: Figure F.1 – F.5). For the ulnohumeral joint 

there is a clear pattern observable: marginal osteophytes and joint contour change are 

most commonly present on the head of the ulna, for all the sites. This 

palaeopathological pattern is identical to the clinical pattern and it can be assumed that 

the same biomechanical explanation as was used for the glenohumeral and hip joint can 

be applied to the ulnohumeral joint. 

In the radiohumeral joint, osteophytes are still the most common type 

ofdegeneration and affect the distal lateral humerus most, but the difference between the 

other pathological lesions is less pronounced (Appendix F: Figure F.1 – F.5). Due to the 

fact that the radiohumeral joint is a secondary stabiliser, but is also involved in both 

flexion/extension and pronation/supination, the anatomical distribution of lesions could 

be varied. It could be that due to these variable biomechanical actions at the 

radiohumeral joint, both elements are under more pressure and thus the differences 

between the lesions are not as obvious. Further research should be conducted into the 

precise patterning and the shape of osteophytes, as they seem to be a feature that should 

not be ignored in palaeopathology.   

 
7.8.3.ii. The	  Patellofemoral	  Joint	  

The results for the medial patellofemoral joint did not display clear patterns of 

anatomical distribution of the pathological lesions as were observed in the glenohumeral, 

hip and elbow joints. When examining sex or age-related distributions there were once 

again no clear patterns for the medial patellofemoral joint. The distribution of the 

separate changes in this joint compartment indicates that marginal osteophytes were the 

most common pathological feature, but there was no clear pattern between the two 

skeletal elements; sometimes the medial patella and other times the medial distal femur, 

was more affected (Appendix F: Figure F.6 – F.10).  

The results for the medial patellofemoral joint did not display clear patterns of 

anatomical distribution of the pathological lesions as were observed in the glenohumeral, 

hip and elbow joints. There was also no distinct pattern between sex and age categories. 

When examining the separate changes, marginal osteophytes were the most commonly 

observed changes, but no pattern in their distribution was present (Appendix F: Figure 

F.6 – F.10).  
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The patellofemoral joint has the thickest cartilage of any joint in the body and is 

essential in providing additional strength to the quadriceps muscle in knee extension 

(Hamill and Knutzen 2003, 196). Due to the absence of consistent patterning of 

pathological changes it is possible that a multitude of intrinsic and extrinsic factors are 

working on the patellofemoral joint. In addition, the patellofemoral joint is mainly 

involved in assisting in flexion and extension, but it does not really assist in weight 

bearing, which could be a factor in explaining the absence of clear patterns such as 

those found in weight-bearing or load bearing joints. 

 
7.8.3.iii. The	  Tibiofemoral	  Joint	  

In the medial tibiofemoral joint the medial distal femur was slightly more 

affected by degeneration than the medial proximal tibia. For almost all of the sites the 

medial distal femur was more affected by osteophytes than the medial tibia (Appendix 

F: Figure F.11 – F.15). In the lateral tibiofemoral joint, the lateral tibia is slightly more 

affected than the lateral distal femur. When the sex or age distribution of pathological 

changes was examined in both compartments, there were no longer any patterns 

between the skeletal elements. When examining the specific pathological changes it was 

clear that marginal osteophytes and micro-porosity were most commonly present, but 

there were no clear patterns to their distribution (Appendix F: Figure F.11 – F.15). It 

was thus interesting that the medial compartment of the distal femur tends to be more 

affected, whereas the lateral compartment of the lateral proximal tibia is more affected, 

and that for both compartments these patterns disappear when considering them by sex 

or age.  

As for all the other joints there is a combination of both intrinsic and extrinsic 

factors that influence the development of pathological changes in the skeletal elements. 

The knee joint is influenced by age, sex, ethnicity, obesity, occupation and previous 

injury to the ligaments or menisci of the knee (Davis et al. 1988, 1019; Nevitt 2006, 23-

48; Resnick and Kransdorf 2005, 383). Therefore, a simple biomechanical or clinical 

explanation will not suffice to explain the general patterns that have been observed. The 

tibiofemoral joint is considered to be a modified hinge joint, as it is mainly involved in 

flexion and extension, but there is also slight rotation present. The medial and lateral 

condyles of the femur and the tibia differ in size, shape and orientation, but are held 

together by a multitude of ligaments and menisci. The menisci serve as shock absorbers 

for the tibiofemoral joints, which are placed under enormous stresses during movement, 

and even while standing still. The ligaments serve to keep the joint in place. 



 386 

Understanding the complete structure and function of the knee is complex, due to the 

multitude of soft tissues that are involved, the asymmetry of the medial and lateral 

articular surfaces, and the role of the patella (Hall 1999, 247-249; Hamill and Knutzen 

2003, 193-4).  

One clinical study by Nagaosa et al. (2002) found similar results to those here. 

They examined the location and size of osteophytes in knee osteoarthritis, finding that 

the most commonly affected areas by osteophytes were the lateral tibia and the medial 

femur, but the differences in percentages were low, which is similar to this project. 

Once again osteophytes are a tentative explanation for the pattern observed. 

 
7.8.4. Concluding	  Remarks	  on	  the	  Anatomical	  Distribution	  of	  

Pathological	  Lesions	  

This study on the anatomical distribution of pathological changes within the 

skeletal elements of particular joints showed several different patterns: 

- In the ball-and-socket joints the stable element was always more affected than 

the mobile element. 

- In the medial elbow joint the head of the ulna was most affected. 

- In the lateral elbow joint, the distal lateral humerus (capitulum) was most 

affected. 

- No clear patterns were observed in either compartment of the patellofemoral 

joint. 

- In the medial tibiofemoral joint the distal medial femur was more affected 

- In the lateral tibiofemoral joint the proximal lateral tibia was most affected. 

 

In all of these joints there is a complex interaction of biomechanical, intrinsic and 

extrinsic factors that influence the distribution of pathological changes and the reaction 

of the joints to degeneration. One main theme did emerge in this research and that was 

the fact that osteophytes were the major component in explaining the observed patterns. 

Despite the fact that there was still much that needs to be explained with regards to this 

reparative/degenerative/functional feature in joints, it was possible to relate it to a 

distribution of weight within the joints. For example, biomechanical studies have shown 

that the cortical thickness of the distal femur and proximal tibia is thinner than expected 

for such a weight-bearing joint and that the trabecular bone is thus easily subject to 

deformation. When combining this with the fact that, despite the increase in size of 

bones where they meet at the joint, this larger area is not utilised in full for force 
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transmission, it is possible to see why osteophytes occur and are a common finding 

(Brinckmann et al. 2002, 85-86). 

 The osteological elements attempt to accommodate increases in pressure, 

especially when the articular cartilage is compromised and the full surface area of the 

joint is not used. The latter is the case in several joints (An et al. 2009, 43; Brinckmann 

et al. 2002, 84, 86; Bryce and Armstrong 2008, 152; Soslowsky et al. 1992, 524). When 

more information becomes available about osteophytes then a more nuanced 

explanation can be provided, but it is up to clinical studies provide us hopefully with 

further information on the subject. 

 

7.9. Future	  Directions	  for	  Osteoarthritis	  Research	  in	  

Palaeopathology	  

The previous sections of this discussion chapter on osteoarthritis have provided a 

detailed analysis of the results and placed these within an interdisciplinary context. As 

is often the case in research, results tend to lead to further questions and potential for 

future research projects. Due to the amount of information that has been presented, this 

section on future directions will serve as a summary of the potential for future research 

into osteoarthritis in palaeopathology. 

 Firstly the importance of an interdisciplinary approach has been highlighted in 

the sections on risk factors and the compartmental distribution of anatomical lesions. If 

we are to understand the patterns and observations that are present in our results, it is 

necessary to include comparative palaeopathological research, modern clinical 

observations, historical studies and biomechanical analysis in the interpretation of 

palaeopathological osteoarthritis patterns. 

Secondly, the differences between osteoarthritis and DJC distribution are 

significant and thus in the future a distinction should be made between the two. While 

DJC is not an absolute indicator of osteoarthritis, it is an indicator of skeletal change 

relating to joints and should be included in recording methodology. Advances in clinical 

and biomechanical research will assist palaeopathologists in understanding the role of 

DJC and osteoarthritis in the skeletal elements better, and this will perhaps lead to a 

new approach in palaeorheumatology.  

Thirdly, advancements in the development of more accurate age-estimation 

techniques for archaeological skeletal remains will help when attempting to elucidate 

age-related patterns in palaeopathological analysis in general, but definitely for diseases 
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that inherently increase with age. This will also allow tentative comparisons to be made 

between clinical and palaeopathological results.  

The fourth point is not necessarily related to osteoarthritis research, but rather 

deals with archaeology and palaeopathology as a whole. An in-depth study into the 

preservation levels of different skeletal elements, through time and geographical 

location, could provide interesting conclusions with regards to the influence of the 

burial environment, burial practices on the preservation of skeletal remains and 

subsequent data on osteoarthritis or any other pathological condition.  

A study that correlates bone mineral density with osteological joint changes 

could help indicate whether there is a direct relationship between bone density and the 

presence or absence of osteophytes or other osteological lesions. By using radiography 

on skeletal remains it is possible to record the bone mineral density, and then correlate 

this with the presence of osteophytes. It would elucidate a potentially important 

relationship between the condition of bone and the presence of pathological lesions. 

The section on nutrition and obesity has raised a few interesting questions that 

should be examined in the future. The association between body mass and knee 

osteoarthritis has not been examined in the palaeopathological literature, but would 

provide interesting potential for comparison with modern clinical patterns, especially 

when this study would be related to historical research on diet. The importance of this 

type of research was suggested by Weiss and Jurmain (2007, 441) as certain studies 

showed that there were differences between clinical and palaeopathological data.  

The effect of nutritional deficiencies on osteoarthritis or DJC presence is also a 

project that should be undertaken, especially when there are skeletal populations 

available from different social classes who would have had different food available to 

them or in different quantities. This comparison between diet and joint disease would be 

an interesting comparison to make in palaeopathology. 

Despite the fact that this research project has provided a detailed approach to 

examining the different joint compartments, the inclusion of clinical and biomechanical 

research has indicated that more detail necessary and that soft tissue and muscle 

attachment sites should be analysed in depth with the osteological changes. In short, this 

means developing and adopting a location-based approach, choosing specific joint 

compartments, and recording the position of the degenerative lesions in detail. This can 

then be related to information from clinical and biomechanical research, and will allow 

palaeopathologists to form a better understanding of the specific osteoarthritic 

conditions that were present in archaeological populations. For example, the sex 
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differences between the superomedial and superolateral migration of the femoral head 

could be further understood and examined if a detailed study was conducted on the 

specific placement of the lesions within the hip joint. Further joints where this detailed 

“localisation approach” could be used are the glenohumeral joint with rotator cuff 

changes, the acromioclavicular joint, and the patellofemoral and tibiofemoral joints.  

 Finally the analysis of the geographical location of osteoarthritis and risk factors 

has indicated the importance of examining both the intrinsic and extrinsic risk factors 

that are related to osteoarthritis and DJC; distributions often differ, and geographical 

location of a person does not have a large influence on the presence of the disease. 

Rather, palaeopathological research should focus more on examining comparisons 

between modern day risk factors and their implications for the individual and the 

archaeological environment. This approach will provide stronger data for the analysis 

and understanding of osteoarthritis research in palaeopathology. 

 This discussion on osteoarthritis has highlighted some of the possible options for 

examination of osteoarthritis in palaeopathology. It is important that the results are 

related to a range of disciplines and that the discussion takes into account the 

multifactorial aetiology of the disease. It has also shown that there are still many 

questions that need answering, and that an understanding of modern clinical 

developments and biomechanical studies is vital for beginning to comprehend and 

explain the patterns observed in the palaeopathological record. This will then allow 

palaeopathologists to provide a more in-depth image of living with osteoarthritis in the 

past. 
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Chapter	  8. Discussion	  of	  the	  Patterns	  Related	  to	  

Rheumatoid	  Arthritis	  
This chapter reviews the results of the analysis of rheumatoid arthritis, including the 

set of diagnostic criteria and the differential diagnosis. Firstly, a comparative analysis of 

the cases described and a selection of published cases is undertaken. Specific attention 

is paid to the demographic patterns that emerge from the palaeopathological analysis 

and how they compare to the clinical data. The similarities and differences in 

rheumatoid arthritis cases between the palaeopathological and clinical radiography 

studies will be discussed. The set of diagnostic criteria is then will be applied to a 

selection of published cases in order to examine its potential as a diagnostic measure. 

The value of clinical information is explored, specifically in relation to recognising the 

early signs of rheumatoid arthritis on the bone.  

 

8.1. The	  Similarities	  between	  Analysed	  and	  Published	  

Cases	  

Chapter 6 focused on the cases analysed by the author and provided a differential 

diagnosis, with a tentative rheumatoid arthritis diagnosis for four of the five analysed 

cases. These are now compared to published data. 

 

8.1.1. Demographic	  Patterns	  

Out of the four cases of rheumatoid arthritis identified here, three were females 

(two old adults and one middle adult) and one was male (middle adult). Despite the fact 

that this is a small sample, it can still be stated that the 3:1 distribution is similar to the 

modern sex distribution in clinical studies (Burt et al. 2013, 30; Kent and Matheson 

2004, 11; Maradit Kremers and Gabriel 2004, 4; Rogers and Waldron 1995, 55; 

Waldron 2009, 47). Rheumatoid arthritis tends to be uncommon in males younger than 

45 years of age and the incidence of the disease increases with age. However, for 

women, the incidence of the disease increases until the age of 45 and then reaches a 

plateau (Maradit Kremers and Gabriel 2004, 1). The issues with examining age in the 

palaeopathological record have already been discussed in the osteoarthritis section and 

will not be repeated here.  

Table 8.1 presents the number of males and females in the palaeopathological 

literature around the world. It has been established by modern clinical research that a 
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genetic component makes up approximately 50-60% of the aetiology of the disease and 

that genetics, along with unidentified environmental factors, could have an influence on 

the especially high prevalence in Native Americans (Abdel-Nasser et al. 1997, 125; 

Alamanos and Drosos 2005, 133; Chou et al. 1994, 304; Deane 2012, 1709; Edwards 

and Cooper 2005, 1; Ferucci et al. 2004, 663; Kent and Matteson 2004, 11; McInness 

and Schett 2011, 2205; Tobon et al. 2010, 11, 13). The fact that there are more 

published cases in Europe is due to the fact that more case studies have been published 

from this area of the world. It is clear that more in depth population studies are 

necessary in order to be able to better observe demographic patterns in rheumatoid 

arthritis, and in the future more attention should also be paid to rheumatoid arthritis in 

Native American populations, as the chances of finding cases would be higher in a 

population with a genetic predisposition for the disease.  

	  

	   MALE	   FEMALE	  
EUROPE	   13	   12	  
AMERICA	  (Native	  Americans)	   5	   10	  
ASIA	   1	   1	  
AFRICA	   0	   1	  
Table	  8.1	  The	  number	  of	  males	  and	  females	  affected	  by	  rheumatoid	  arthritis	  in	  published	  
palaeopathology	  cases	  and	  the	  cases	  examined	  in	  this	  research	  project	  divided	  by	  geographic	  region.	  
 

Unfortunately, current information cannot tell us much about the demographic 

profile of rheumatoid arthritis in past populations. At the moment we can but assume 

that similar patterns were observable, with perhaps a slightly higher prevalence of the 

disease due to the absence of disease-modifying anti-rheumatic drugs. However an 

unknown environmental factor might have been responsible for a lower prevalence in 

the past rather than a higher prevalence.  

 

8.1.2. Osteological	  Similarities	  and	  Differences	  in	  the	  Individuals	  

with	  Rheumatoid	  Arthritis	  

This section explores the osteological similarities between different rheumatoid 

arthritis cases in order to create a visual reference framework for future osteological and 

palaeopathological analysis of the disease. The focus lies on similarities in the hand and 

wrist, elbow, cervical vertebrae and the foot. Clinical and comparative 

palaeopathological information is included in order to provide stronger evidence for the 

osteological expressions of the disease. 
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Despite the fact that the wrist and hand are considered to be crucial to the 

diagnosis of rheumatoid arthritis in medicine and palaeopathology, there are no 

comparative studies of the erosive rheumatoid arthritis lesions observed in the wrist and 

hand from palaeopathological cases. In all four cases that received a differential 

diagnosis of rheumatoid arthritis, the carpals, metacarpophalangeal or proximal 

interphalangeal joints of the hands were affected. It is thus necessary to conduct a 

comparative analysis of these lesions and examine the similarities and differences 

between them in order to create better diagnostic criteria for future palaeopathological 

research.  

The distal radius and especially the ulna are commonly involved in rheumatoid 

arthritis. Erosive lesions in the distal ulna occur early in the disease process and then 

spread to the radiocarpal articulation and the distal radius. Involvement of the wrist 

tends to occur within two years of disease onset, and later in the disease process nearly 

90% of patients have radiographic changes in the wrist. The presence of erosions in 

these bones can lead to joint laxity and weakness (Brasington Jr. 2008, 765; Cothran 

and Martinez 2004, 81; Ejbjerg et al. 2005, i23; Feist and Burmester 2013, 861; Resnick 

and Kransdorf 2005, 230-231; Rizzo and Cooney 2011, 57). All four cases here were 

affected by lesions in the distal radius and ulna, which makes a comparative analysis 

more efficient. A publication by Ejbjerg et al. (2005) presents a clinical imaging atlas of 

erosive lesions of rheumatoid arthritis in the wrist and thus provides an opportunity to 

compare skeletal lesions from palaeopathology to modern clinical disease evolution.  

The DCV10 SK12 (Figure 8.1) and FAO90 1151 (Figure 8.2A and B) cases 

show similar erosive lesions in both the distal ulna and radius, whereas SRP98 11371 

(Figure 8.3A and B) demonstrates more superficial erosive lesions that affect the whole 

distal radial joint surface, and Barton-upon-Humber 2711 (Figure 8.4A and B) shows 

bilateral erosive lesions on both the radii and ulnae. The lesions in the ulnae (DCV10 

SK12, FAO90 1151 and Barton-upon-Humber 2711) are similar and the areas most 

commonly affected are the ulnar styloid process and the groove between the styloid 

process and the distal articular surface, which is adjacent to the extensor carpi ulnaris 

groove, and is commonly affected in modern clinical cases (Feist and Burmester 2013, 

861; Resnick and Kransdorf 2005, 230-231). Unfortunately Ejbjerg et al. (2005) did not 

provide MRI images for the ulna, and thus only the radius can be compared to clinical 

lesions.  

When comparing these lesions to the grades proposed by Ejbjerg et al. (2005, 

i36-37) it is possible to divide the cases into three of the categories:  SRP98 11371 
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aligns to grade 1(Figure 8.5.1), Barton-upon-Humber 2711 to grade 2 (Figure 8.5.2) and 

both DCV10 SK12 and FAO90 1151 are comparable to grade 3 (Figure 8.5.3). This is 

of course a subjective decision based on a comparison between photographs of bones 

and MRI images of modern cases. Nevertheless it provides the palaeopathologist with 

an opportunity to have a comparative corpus when encountering erosive lesions in these 

particular bones in archaeological cases.  

Other similar expressions of degeneration at the distal radius and ulna, with 

photographic evidence, can be found in McKinnon et al. (2013, figure 4a and b), 

Walker (2012, figure 267), Kim et al. (2011, figure 2 G and H), Hacking et al. (1994, 

Figure 2 and 3), Rothschild et al. (1992, figure 1 F), Rothschild and Woods (1991, 

figure 2), Rothschild et al. (1988, figure 3), and Leden et al. (1988, figure 4b1 and 4b2). 

All of these cases have similar expressions of erosive lesions at the distal radius and 

ulna, but with differing severity. It can thus be stated that erosive lesions at the distal 

radius and ulna are important morphological indicators of rheumatoid arthritis in 

palaeopathology. 

 

 
Figure	  8.1	  The	  left	  distal	  radius	  and	  ulna	  of	  DCV10	  SK12	  (Photograph	  by	  D.	  Craps).	  
 

 

 

 

 



 394 

A  B   

Figure	  8.2	  The	  left	  distal	  ulna	  (A)	  and	  left	  distal	  radius	  (B)	  of	  FAO90	  1151	  (Photographs	  by	  D.	  Craps).	  

A  B  

Figure	  8.3	  The	  left	  (A)	  and	  right	  (B)	  distal	  radii	  of	  SRP98	  11371	  (Photographs	  by	  D.	  Craps).	  
 

A  B  

Figure	  8.4	  The	  left	  (A)	  and	  right	  (B)	  distal	  radius	  and	  ulna	  of	  individual	  2711	  Barton-‐upon-‐Humber	  
(photographs	  by	  D.	  Craps).	  
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Figure	  8.5	  Grades	  of	  radius	  erosion;	  top	  images	  are	  coronal	  sections	  and	  bottom	  images	  are	  axial.	  
Light	  grey	  is	  bone	  and	  the	  darker	  grey	  colours	  represent	  gradual	  bone	  loss	  (Drawings	  by	  D.	  Craps	  and	  
based	  on	  images	  from	  ©Ejbjerg	  et	  al.	  2005,	  i36-‐i37).	  
 

 Another common location of erosive lesions in the rheumatoid hand and wrist 

are the carpal bones. They are also a part of the early expression of the disease and 

erosions tend to involve the whole carpus, but most commonly affect the scaphoid, 

trapezium, capitate and the triquetral and pisiform bones early in the disease (Cothran 

and Martinez 2004, 81; Ejbjerg et al. 2005, i23; Kent and Matteson 2004, 12; Resnick 

and Kransdorf 2005, 232). Much of the clinical observations of the distal radius and 

ulna are also valid for the carpal bones. Only two analysed cases had the carpal bones 

preserved for examination and these were DCV10 SK12 (Figure 8.6) and FAO90 1151 

(Figure 8.7A and B). As in the distal radius and ulna, the two cases once again exhibited 

similarities in the appearance of the eroded carpal bones, especially the scaphoid bones. 

Ejbjerg et al.’s (2005, i38-i43) study of the MRI expressions of erosive lesions on the 

scaphoid, lunate and capitate suggests that the palaeopathological cases correspond to 

the more severe grades of erosion.  
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Figure	  8.6	  The	  left	  carpals	  from	  DCV10	  SK12,	  from	  left	  to	  right:	  scaphoid,	  trapezium,	  capitate	  and	  
hamate	  (photographs	  by	  D.	  Craps).	  
 

A  B  

Figure	  8.7	  Carpal	  bones	  from	  individuals	  FAO90	  1151.	  A.	  Left	  trapezoid	  bone.	  B.	  Right	  scaphoid	  and	  
lunate	  bones	  (photographs	  by	  D.	  Craps).	  
 

Other palaeopathological studies that provide a photographic representation of 

eroded carpal bones are McKinnon et al. (2013, figure 5), Kacki (2013, figure 2), 

Walker (2012, figure 268a), Kim et al. (2011, figure 2 A, B, E, F), Ciranni et al. (2002, 

figure 4), Inoue et al. (1999, figure 5 and 7), Blondiaux et al. (1997, Figure 5 and 6), 

Hacking et al. (1994, figure 4), Rothschild et al. (1992, figure 1H), Rothschild and 

Woods (1991, figure 2) and Kilgore (1989, figure 2 and 3). The erosive lesions in 

McKinnon et al. (2013) and Kacki (2013) appear to be in a slightly earlier phase, but the 

two published cases do show the same deformation as the carpal morphology in the two 

analysed cases here. The Walker (2012), Blondiaux et al. (1997) case from Rouen, 

Hacking et al. (1994), Rothschild et al. (1992), Rothschild and Woods (1991) and 

Kilgore (1989) cases all show similar lesions to the analysed cases. The Kim et al. 

(2011) and Ciranni et al. (2002) cases are unusual due to the complete fusion of the 

carpus, a phenomenon that occurs in only 2% of modern clinical rheumatoid arthritis 

patients (Leden et al. 2012, 249). The Inoue et al. (1999) case represents an early 

indication of erosive lesions in the lunate bones, which can be more aptly described by 

using the terminology proposed by Leden et al. (1988, 351): para-articular sinuses. This 
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overview shows that there are many expressions of rheumatoid arthritis in the wrist 

bones, depending on the severity of the disease. This range should be explored further; 

however there are at least nine cases, both published and analysed here, that provide 

guidelines for the osteological expression of rheumatoid arthritis in the wrist bones 

 It is possible to analyse every single bone in the hand for comparative purposes, 

but only the metacarpophalangeal joints and more specifically the metacarpophalangeal 

heads are examined here. These are amongst the more commonly affected joints in 

clinical rheumatoid arthritis cases and are affected early on in the disease. Despite the 

fact that the disease is bilaterally symmetric, it can begin asymmetrically and not every 

joint can be as severely affected. The most commonly affected metacarpophalangeal 

joints are the second and third. There are a multitude of deformities that can occur as a 

result of rheumatoid arthritis at the metacarpophalangeal joints, such as ulnar drift, 

extensor tendon subluxation, flexion at the joint, and palmar subluxation. All of these 

deformities lead to disability for the patient, as they cannot continue to use their hands 

normally (Conaghan et al. 2005, i11; Cothran and Martinez 2004, 81; Kent and 

Matteson 2004, 12; Resnick and Kransdorf 2005, 228, 229; Van der Heijde 2004, 92).  

Conaghan et al. (2005) published an MRI visual scale for grading, amongst 

others, erosive lesions at the metacarpophalangeal joints and this scale is used to make a 

comparison with the analysed cases here (Figure 8.8). All four cases had erosions in the 

metacarpophalangeal joints. The expression of the erosions and the resulting deformities 

are all similar between the cases, but not all cases are of equal severity and differences 

in this respect may occur between the left and right sides. For example in DCV10 SK12 

the right metacarpal heads, particularly the second and third, were more severely 

affected. (grade 3-6 on the Congahan et al. 2005, i16-i17 scale), than the left fourth 

metacarpal, which had a similar expression to the right fourth metacarpal head, or grade 

1 on the Conaghan et al. (2005, i16) scale (Figure 8.9 and Figure 8.10).  

The erosive lesions noted in FAO90 1151 and SRP98 11371 are similar to the 

more severe lesions observed in DCV10 SK12 (Figure 8.12 and Figure 8.12). Individual 

2711 from Barton-upon-Humber had a less severe expression with only minimal 

erosions on the preserved metacarpal heads and could be assigned grade 1 on the scale 

of Conaghan et al. (2005, i16; Figure 8.8; Figure 8.13). Published palaeopathological 

examples of erosive lesions at the metacarpophalangeal joints are found in McKinnon et 

al. (2013, figure 5), Kacki (2013, figure 2), Walker (2012, figure 269), Ciranni et al. 

(2002, figure 4), Blondiaux et al. (1997, figure 5 and 6), Hacking et al. (1994, figure 4), 

Rothschild et al. (1992, figure 1A), Rothschild and Woods (1991, figure 2), Kilgore 
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(1989, figure 2), Leden et al. (1988, figure 4c) and Ortner and Utermohle (1981, figure 

5-7). All of the published palaeopathological cases show similarities to both the severe 

and less severe erosions observed in the analysed cases within this research. It can thus 

be stated that the metacarpal heads are also an important visual comparative feature for 

rheumatoid arthritis diagnosis. 

 

 
Figure	  8.8	  Grades	  of	  metacarpal	  head	  erosion;	  top	  images	  are	  coronal	  sections	  and	  bottom	  images	  are	  
axial	  sections.	  Light	  grey	  is	  bone	  and	  the	  darker	  grey	  colours	  represent	  gradual	  bone	  loss	  (Drawings	  by	  
D.	  Craps,	  based	  on	  MRI	  images	  from	  ©	  Congahan	  et	  al.	  2005,	  i16-‐i17).	  
 

 

 



 399 

 
Figure	  8.9	  Right	  metacarpal	  heads	  and	  proximal	  phalangeal	  articulations	  from	  individual	  DCV10	  SK12.	  
 

 
Figure	  8.10	  Left	  metacarpals	  and	  proximal	  phalangeal	  articulations	  from	  individual	  DCV10	  SK12.	  
 

A  B  

Figure	  8.11	  Right	  first	  metacarpal	  (A)	  and	  left	  fifth	  metacarpal	  (B)	  from	  individual	  FAO90	  1151.	  
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Figure	  8.12	  From	  left	  to	  right:	  the	  left	  metacarpals	  and	  phalanx	  and	  then	  the	  right	  metacarpals	  and	  
phalanges	  from	  individual	  SRP98	  11371.	  
 

  
Figure	  8.13	  The	  left	  and	  right	  hand	  of	  individual	  2711	  from	  Barton-‐upon-‐Humber	  (Photographs	  by	  D.	  
Craps).	  
 

One of the most striking similarities in the lesions observed was recorded in the 

proximal ulna. Extensive marginal erosive lesions were observed along the edges of the 

trochlear/semilunar notch on the head of the ulna, and these erosive lesions also 

encroached upon the articular surface and in some cases obliterated the smooth articular 

surface. This particular feature was observed on all four of the potential rheumatoid 
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arthritis cases and has never been mentioned before as a potential identifying lesion in 

palaeopathology. Figure 8.14 A and B are perfect examples of similar erosive lesions in 

two rheumatoid arthritis cases, mainly along the margin of the articular surface and 

encroaching upon it. Figure 8.14 C shows the more advanced erosive right proximal 

ulna from the same individual as Figure 8.14 B where the superior part of the trochlear 

notch has disappeared. Figure 8.14 C and D are once again similar and the erosions 

have completely obliterated the smooth articular surface.  

  

A  B  

C   

D  E  

Figure	  8.14	  A.	  DCV10	  SK12	  Left	  proximal	  ulna;	  B.	  FAO1151	  Left	  proximal	  ulna;	  C.	  FAO90	  1151	  Right	  
proximal	  ulna;	  D.	  SPR90	  11371	  Left	  proximal	  ulna;	  D.	  Barton-‐upon-‐Humber	  2711	  Left	  proximal	  ulna.	  
Images	  by	  D.	  Craps.	  
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When examining the palaeopathological literature on rheumatoid arthritis, there 

were some cases where the elbow was mentioned amongst the eroded bones, but no 

photographic evidence was presented (Leden et al. 1988; Rothschild and Woods 1991; 

Hacking et al. 1994; Blondiaux et al. 1997; Kacki 2013). These cases also indicate that 

the elbow is commonly affected in palaeopathological cases of rheumatoid arthritis, as 

in modern cases of the disease (Brasington Jr 2008, 766). Only two cases from the 

published literature provide photographic evidence of the erosive lesions observed in 

the proximal ulna (Figure 8.15 and Figure 8.16). The proximal ulnae presented by 

McKinnon et al. (2013, 123) and by Ortner and Utermohle (1981, 26) show the identical 

lesions to those observed in DCV10 SK12 and FAO90 1151. This now indicates that 

the typical lesions observed on the proximal ulna have occurred in multiple rheumatoid 

arthritis cases. 

 

 
Figure	  8.15©	  McKinnon	  et	  al.	  2013:	  Figure	  2,	  p.123:	  Right	  and	  left	  ulnae,	  photograph	  by	  R.	  Baldry.	  
Permission	  to	  reproduce	  this	  image	  from	  Elsevier,	  license	  number:	  3611821357005.	  	  

 
 

 



 403 

 

Figure	  8.16	  ©	  Ortner	  and	  Utermohle	  1981,	  Figure	  3,	  p.26:	  Left	  and	  right	  proximal	  ulnae.	  Permission	  to	  
reproduce	  this	  image	  from	  John	  Wiley	  and	  Sons,	  license	  number:	  3611830173067.	  
 

In modern clinical cases approximately half of the patients have radiographic 

elbow destruction after 10-15 years of disease onset and, despite the fact that the 

destruction is usually bilateral, the severity of destruction can vary between the left and 

right sides. There are different manifestations of rheumatoid arthritis at the elbow: 

- Synovitis in between the lateral epicondyle and the olecranon prominence 

- Bilateral swelling of the olecranon bursa in advanced disease 

- Rheumatoid nodules on the olecranon and the extensor side of the ulna 

 

Elbow erosion in rheumatoid arthritis is linear in progression, when compared to 

erosions found at the wrist and hand. In the latter, severe erosive destruction occurs 

during the first few years and then reaches a plateau, whereas elbow erosions continue 

to evolve over a longer period and are common in the later stages of the disease. 

Destruction at this joint can cause severe problems when performing daily activities, but 

modern RA patients were found to be extremely adaptable to their impairments (Abe et 

al. 2008; Brasington Jr. 2008, 766; Dryer and Blazar 2011; Kent and Matteson 2004, 

13; Kitamura et al. 2007; Lehtinen et al. 2002)  

The reason why elbow erosion is important for palaeopathology is that it does 

not occur in isolation and is part of the advanced disease process. This would then make 

elbow erosion, in particular the proximal ulna, a diagnostic feature for advanced 

rheumatoid arthritis, when accompanied by characteristic erosive lesions in the hands 

and feet, or when the hands and feet are less well preserved. At present it is not possible 

to state that these lesions can be used for diagnosis in the complete absence of hands 
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and feet, as an in depth analysis of other erosive diseases and their expression on the 

ulna should be conducted.  

The cervical spine has variable involvement in rheumatoid arthritis cases. RA is 

the most common inflammatory disease to affect that particular area of the spine. It was 

first described by Garrod in 1890 and has thus long been recognised as a common 

feature of rheumatoid arthritis. Radiographic changes tend to be observed in 

approximately 50% of rheumatoid arthritis cases, and severe lesions are more common 

later on in the disease process. Males tend to have more advanced cervical spine 

involvement than females in modern clinical studies (Bouchaud-Chabot and Lioté 2002, 

141; Cothran and Martinez 2004, 85; Kent and Matteson 2004, 14; Nguyen et al. 2004, 

330). The most commonly affected areas in the cervical spine are the atlanto-occipital 

articulation, the atlanto-axial articulation, and superior and inferior articular facets, 

ligaments and intervertebral disc spaces. The most commonly observed lesion in 

modern clinical research is atlanto-axial subluxation and this can occur anteriorly, 

laterally and posteriorly, with most cases being anterior. Erosive lesions in the upper 

cervical spine are potentially life-threatening due to the potential for subluxation of the 

upper cervical spine (Boden et al. 1993, 1282; Brasington Jr 2008, 766; Cothran and 

Martinez 2004, 85; Del Grande et al. 2014, 738; Dreyer and Boden 1999, 99; Feist and 

Burmester 2013, 862; Resnick and Kransdorf 2005, 240). 

 The presence of these lesions in palaeopathological cases is thus an indication, 

not only of long-term disease progression, but also of a potential life-threatening 

condition. Cervical spine involvement symptoms in rheumatoid arthritis can range from 

asymptomatic, to mild neck pain, to neurological problems. Consequences of advanced 

cervical erosions and instability can be headaches, neck pain, weakness in the neck, 

transient ischemic attacks and impairment of the bladder or bowel (Bouchaud-Chabot 

and Lioté 2002, 146; Brasington Jr 2008, 766; Del Grande et al. 2014, 741; Dreyer and 

Boden 1999, 98). A study by Del Grande et al. (2014, 743) has suggested that cervical 

involvement might be an early factor in rheumatoid arthritis that remains asymptomatic 

or with mild symptoms for a long time, and this has also been suggested by Nguyen et 

al. (2004, 330, 333), who added that only a small subset of patients eventually develop 

neurological deficits.  

	   Two cases of erosive lesions in the cervical spine were observed in the analysed 

individuals, DCV10 SK12 and Barton-upon-Humber 2711 (Figure 8.17 and Figure 

8.18). Erosive lesions in this region are common due to the synovial inflammation 

(Resnick and Kransdorf 2005, 243). Figure 8.17 indicates that erosive lesions were 
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present on the preserved occipital condyle and on the atlas and axis of DCV10 SK12. 

Figure 8.18 A and B show the presence of erosive lesions on the inferior articular facets 

of the atlas and the corresponding facets on the axis of individual 2711 from Barton-

upon-Humber. The fact that the atlanto-occipital articulations and the atlanto-dens 

articulations were not yet affected could indicate that this is a case of rheumatoid 

arthritis where the erosive lesions have not yet affected further articulations in the upper 

cervical spine. According to Resnick and Kransdorf (2005, 243) erosions that involve 

the dens only occur in approximately 14% to 35% of rheumatoid arthritis patients. The 

uneven sizes of the articular facets on the inferior atlas and the superior axis could be an 

indication of lateral subluxation or dislocation of the C1-C2 articulation, which is 

common in rheumatoid arthritis and is often accompanied by erosive lesions (Resnick 

and Kransdorf 2005, 241; Figure 8.19). 
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Figure	  8.17	  DCV10	  SK12	  upper	  cervical	  region	  and	  occipital	  condyles	  affected	  by	  erosive	  lesions.	  
	  

A	   B	   	  

C	   	  
Figure	  8.18	  Barton-‐upon-‐Humber	  2711:	  A.	  Inferior	  articulations	  on	  C1	  affected	  by	  erosive	  lesions.	  B.	  
Superior	  view	  of	  C2	  with	  erosive	  lesions	  affecting	  both	  articular	  surfaces.	  C.	  View	  of	  C2-‐C3	  with	  
deformities	  present	  at	  the	  dens.	  
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Figure	  8.19	  Drawing	  of	  lateral	  atlanto-‐axial	  dislocation	  (by	  D.	  Craps,	  based	  on	  Bouchaud-‐Chabot	  and	  
Lioté	  2002,	  143).	  
 

Erosive lesions of the cervical spine have been mentioned only infrequently in 

palaeopathological case studies (Blondiaux et al. 1997, 453; Kacki 2013, 61; Kim et al. 

2011, 139) and rarely properly described or presented through photographs. The only 

case for which photographic evidence is provided is of an individual from St Mary and 

St Michael, London (Walker 2012, 171-172). In this case, porotic, eburnated and 

erosive lesions are present in the upper cervical vertebrae and a collapse and/or 

compression fracture is also recorded. There is a clear dislocation/subluxation present in 

the axis and the inferior articular facets appear to be eroded (Walker 2012, figure 265a). 

The superior facets nor the atlas could be examined due to the fact that there are no 

images presented.  

The similarities between the three cases presented in this thesis, highlights the 

importance of examining the cervical spine in potential cases of rheumatoid arthritis. It 

can provide an additional diagnostic feature for the presence of the disease, and 

important information regarding the effect of the disease on an individual’s life. Caution 

must be employed as rheumatoid arthritis expression can differ between individuals and 

thus these guidelines should not be employed too rigidly (Bouchaud-Chabot and Lioté 

2002, 151) 

Early rheumatoid arthritis erosions, within less than one year of disease onset, tend 

to occur more in the foot than in the hand, especially on the head of the fifth metatarsal. 

A wide range of foot deformities present in patients, such as hallux valgus and 

metatarsus primus varus. The anatomical location of erosive lesions in the foot tends to 

occur more common on the plantar side of the metatarsal head; however there seems to 

be no preference for the lateral or medial sides (Chan and Kong 2013, 15; Cothran and 

Martinez 2004, 86; Devauchelle-Pensec et al. 2002, 438; Göksel Karatepe et al. 2010, 

158; Siddle et al. 2014, 934; Van der Heijde 2004, 92). Due to the fact that the 

metatarsophalangeal joints tend to be more commonly affected, they are compared here, 

with a specific focus on the metatarsal heads.  
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In the cases analysed here, three individuals had metatarsal bones preserved. FAO90 

1151 had symmetrical erosive lesions on the left and right feet, with a predilection for 

plantar erosions (Figure 8.20A, B, C and Figure 8.21). Individual 2711 from Barton-

upon-Humber showed similar erosive degeneration of the metatarsal head (Figure 8.22). 

In SRP98 30910 (for which a diagnosis of rheumatoid arthritis could not be made) the 

erosive lesions differed from the previous two cases (Figure 8.23A, B, C). Published 

palaeopathological studies that include photographic representation of foot erosions are 

found in McKinnon et al. (2013, figure 7a), Kim et al. (2011, figure 3 I, J), Inoue et al. 

(1999, figure 2), Rothschild et al. (1992, figure 1 B, C) and Rothschild and Woods 

(1991, figure 2). The McKinnon et al. (2013), Kim et al. (2011), Rothschild et al. (1992) 

and Rothschild and Woods (1991) cases show close resemblance to the analysed cases 

presented above. The case presented by Innoue et al. (1999) has a closer resemblance to 

the SRP98 30910 case with para-articular sinuses. These cases further add to the 

comparative corpus that has been established here for the more convenient visual 

identification of rheumatoid arthritis cases in palaeopathology in the future. 

 

A  B  C  

Figure	  8.20	  Left	  metatarsal	  bones	  from	  individual	  FAO90	  1151.	  A.	  Second	  MT,	  B.	  Third	  MT	  and	  C.	  
Fourth	  MT	  (Photographs	  by	  D.	  Craps).	  
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Figure	  8.21	  Right	  foot	  of	  individual	  FAO90	  1151	  (Photographs	  by	  D.	  Craps).	  
 

 
Figure	  8.22	  Left	  metatarsal	  bones	  of	  individual	  2711	  from	  Barton-‐upon-‐Humber.	  Includes	  the	  first,	  
second,	  fourth	  and	  fifth	  metatarsal	  bones	  (Photograph	  by	  D.	  Craps).	  
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A  B  C  
Figure	  8.23	  Metatarsal	  bones	  from	  individual	  SRP98	  30910.	  A.	  Left	  first	  metatarsal,	  B.	  Right	  first	  
metatarsal	  and	  C.	  Right	  fifth	  metatarsal	  (Photographs	  by	  D.	  Craps).	  
 
 

 

8.2. The	  Set	  of	  Diagnostic	  Criteria	  Applied	  to	  Published	  

Cases	  

In this section the set of diagnostic criteria used on the examined cases are applied 

to a selected number of published examples in order to evaluate the approach.  

A total of 25 published cases were selected (Table 8.2). One of the main criteria for 

selection was a clear overview of the preserved and affected bones along with good 

descriptions of the locations of the lesions. The following tables present the selected 

published cases applied in the set of diagnostic criteria (Table 8.3; Table 8.4; Table 8.5; 

Table 8.6; Table 8.7). 
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Reference Location Time Period Nr Indiv. Sex Age 
Ortner & 
Putschar (1981) 

Golovnin Bay, 
Alaska, USA 

Historic period 
(?) 1 Male 35 

Ortner & 
Utermohle 
(1981) 

Kodiak Island, 
Alaska, USA 

Before AD 
1200 1 Female 30-35 

Rogers et al. 
(1981) Trowbridge, UK AD 9th-11th C. 1 Male Adult 

Thould & 
Thould (1983) Poundbury, UK AD 1st-4th C. 2 1 Male 

1 Female Adults 

Bennike (1985) Varpelec, 
Denmark AD 1st-4th C. 1 Male Mature 

adult 

Bennike (1985) Olmosehuse, 
Denmark 1800-800 BC 1 Female Adult 

Molleson 
(1987) Poundbury, UK AD 3rd-5th C 5 4 Male 

1 Female 40+ 

Rothschild et al. 
(1988) Alabama, USA 

Late Archaic, 
5000-3000yrs 

ago 
6 4 Females 

2 Males 30-70 

Leden et al. 
(1988) Gotland, Sweden 

Middle 
Neolithic, 

2500-1900 BC 
2 Male 60+ 

35-40 

Kilgore (1989) Sudan Kulubnarti, AD 
700-1450 1 Female 50+ 

Rothschild & 
Woods (1990 
and 1991) 

Kentucky, USA 
Late Archaic, 
4300-4050 
years ago 

7 5 Female 
2Male 25-51 

Hacking et al. 
(1994) Abingdon, UK AD late 15th C. 1 Female Adult 

Waldron et al. 
(1994) London, UK AD 18th-19th 

C. 1 Female Adult 

Blondiaux et al. 
(1997) Rouen, France AD 10th-11th 

C. 1 Female Young 
Adult 

Blondiaux et al. 
(1997) Lisieux, France AD 4th C. 1 Male Mature 

adult 
Inoue et al. 
(1999) Japan Late Jomon, 

1400-400 BC 1 Male 40-54 

Ciranni et al. 
(2002) Arezzo, Italy 16th C. 1 Female 50-55 

Waldron (2007) Barton-upon-
Humber, UK AD 1150-1500 3 1 Female 

2 Male Adult 

Catteddu 
(2009) Saleux, France AD 7th -11th C. 2 Unknown Adult 

Kim et al. 
(2011) Korea AD 1700s 1 Female 40+ 

Walker (2012) St Mary and St 
Michael’s London 1843-1854 1 Female 46+ 

Kacki (2013) Amiens, France AD 3rd-4th C. 1 Female 50+ 
McKinnon et al. 
(2013) Sedgeford, UK Anglo-Saxon 

(AD 650-900) 1 Probable 
Male 55+ 

Table	  8.2	  Published	  cases	  of	  rheumatoid	  arthritis	  and	  the	  rows	  shaded	  in	  grey	  indicate	  the	  selected	  
cases	  for	  set	  of	  diagnostic	  criteria	  analysis.	  
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McKinnon	  

et	  al.	  
2013	  

Kacki	  
2013	  

Kim	  et	  
al.	  2011	  

Ciranni,	  
et	  al.	  
2002	  

Inoue	  et	  
al.	  1999	  

	  	   	  	   	  	   	  	   	  	   	  	  

Appearance:	   	  	   	  	   	  	   	  	   	  	  

Symmetrical	   V	   V	   V	   V	   V	  
Erosive	  lesions	   V	   V	   V	   V	   V	  
Non-‐proliferative	   V	   V	   V	   V	   V	  
No	  Sacroilliac	  changes	   V	   V	   V	   ?	   V	  
Erosions	  in	  cervical	  vertebrae	   ?	   V	   V	   ?	   /	  
Ankylosis	  in	  carpals/tarsals	   X	   X	   V	   V	   /	  
Osteopaenia	   V	   V	   ?	   ?	   V	  
Subluxation	  	   ?	   ?	   V	   V	   /	  
	  	   	  	   	  	   	  	   	  	   	  	  

Location:	   	  	   	  	   	  	   	  	   	  	  

Carpals	   V	   V	   V	   V	   V	  
MCP	   V	   V	   V	   V	   X	  
PIP	  hands	   V	   V	   V	   V	   X	  
Tarsals	   X	   V	   V	   V	   V	  
MTP	   V	   V	   V	   V	   V	  
PIP	  feet	   V	   V	   X	   V	   V	  
Knee	   ?	   X	   X	   ?	   X	  
Shoulder	   ?	   V	   V	   V	   X	  
Elbow	   V	   V	   X	   ?	   X	  
Cervical	  Spine	   ?	   V	   V	   ?	   X	  
TMJ	   ?	   X	   X	   ?	   X	  
Uncommon	  axial	  involvement	   V	   V	   V	   ?	   V	  
	  	   	  	   	  	   	  	   	  	   	  	  

Uncertain	  diagnosis:	   	  	   	  	   	  	   	  	   	  	  

Spinal	  fusion	   NO	   NO	   YES	  	   ?	   NO	  
Sacroilliac	  fusion	  or	  inflammation	   NO	   NO	   NO	   ?	   NO	  
Fusion	  of	  carpals	  or	  tarsals	  with	  
reactive	  bone	   NO	   NO	   NO	   ?	   NO	  

Absence	  of	  carpals,	  metacarpals	  or	  
hand	  phalanges	   NO	   NO	   NO	   NO	   NO	  

Extensive	  new	  bone	  formation	   NO	   NO	   NO	   NO	   NO	  
Table	  8.3	  Set	  of	  diagnostic	  criteria	  applied	  to	  published	  cases	  from	  McKinnon	  et	  al.	  2013;	  Kacki	  2013;	  
Kim	  et	  al.	  2011;	  Ciranni	  et	  al.	  2002;	  Inoue	  et	  al.	  1999.(V=	  present	  and	  X=	  absent)	  
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	  	   Blondiaux	  et	  al.	  1997	   Hacking	  et	  
al.	  1994	  

	  	   Rouen	  795	   Lisieux	  801	   	  	  
Appearance:	   	  	   	  	   	  	  

Symmetrical	   V	   V	   V	  
Erosive	  lesions	   V	   V	   V	  
Non-‐proliferative	   V	   V	   V	  
No	  Sacroilliac	  changes	   V	   X	   V	  
Erosions	  in	  cervical	  vertebrae	   V	   X	   X	  
Ankylosis	  in	  carpals/tarsals	   X	   X	   X	  
Osteopaenia	   V	   X	   V	  
Subluxation	  	   X	   X	   X	  
	  	  	  

Location:	   	  	   	  	   	  	  

Carpals	   V	   V	   V	  
MCP	   V	   V	   V	  
PIP	  hands	   V	   V	   V	  
Tarsals	   X	   V	   X	  
MTP	   V	   V	   X	  
PIP	  feet	   V	   V	   X	  
Knee	   X	   V	   X	  
Shoulder	   X	   X	   V	  
Elbow	   V	   V	   V	  
Cervical	  Spine	   V	   X	   X	  
TMJ	   X	   X	   X	  
Uncommon	  axial	  involvement	   V	   X	   V	  
	  	  

Uncertain	  diagnosis:	   	  	   	  	   	  	  

Spinal	  fusion	   NO	   NO	   NO	  
Sacroilliac	  fusion	  or	  inflammation	   NO	   YES	  	   NO	  
Fusion	  of	  carpals	  or	  tarsals	  with	  reactive	  
bone	   NO	   NO	   NO	  

Absence	  of	  carpals,	  metacarpals	  or	  hand	  
phalanges	   NO	   NO	   NO	  

Extensive	  new	  bone	  formation	   NO	   NO	   NO	  
Table	  8.4	  Set	  of	  diagnostic	  criteria	  applied	  to	  published	  cases	  from	  Blondiaux	  et	  al.	  1997;	  Hacking	  et	  
al.	  1994.	  
 

 

 

 

 



 414 

	  	   Rothschild	  &	  Woods	  (1991)	  

	  	   Sk1	   Sk2	   Sk3	   Sk4	   Sk5	   Sk6	   Sk7	  
Appearance:	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Symmetrical	   V	   V	   V	   V	   V	   V	   V	  
Erosive	  lesions	   V	   V	   V	   V	   V	   V	   V	  
Non-‐proliferative	   V	   V	   V	   V	   V	   V	   V	  
No	  Sacroilliac	  changes	   V	   V	   V	   V	   V	   V	   V	  
Erosions	  in	  cervical	  
vertebrae	   X	   X	   X	   X	   X	   X	   X	  

Ankylosis	  in	  carpals/tarsals	   X	   X	   X	   X	   X	   X	   X	  
Osteopaenia	   V	   V	   V	   V	   V	   V	   V	  
Subluxation	  	   X	   X	   X	   X	   X	   X	   X	  
	  	  

Location:	   	   	   	   	   	   	   	  
Carpals	   V	   V	   V	   V	   X	   V	   V	  
MCP	   V	   V	   V	   V	   X	   X	   V	  
PIP	  hands	   V	   V	   V	   V	   X	   X	   V	  
Tarsals	   V	   X	   X	   V	   V	   V	   V	  
MTP	   V	   V	   V	   V	   V	   X	   V	  
PIP	  feet	   V	   V	   X	   V	   V	   X	   V	  
Knee	   X	   X	   X	   X	   X	   X	   V	  
Shoulder	   V	   V	   V	   V	   V	   V	   V	  
Elbow	   X	   V	   X	   X	   X	   V	   V	  
Cervical	  Spine	   X	   X	   X	   X	   X	   X	   X	  
TMJ	   X	   X	   X	   X	   X	   X	   X	  
Uncommon	  axial	  
involvement	   V	   V	   V	   V	   V	   V	   V	  

	  	  
Uncertain	  diagnosis:	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Spinal	  fusion	   ?	   NO	   NO	   NO	   NO	   NO	   NO	  
Sacroilliac	  fusion	  or	  
inflammation	   NO	   NO	   NO	   NO	   NO	   NO	   NO	  

Fusion	  of	  carpals	  or	  tarsals	  
with	  reactive	  bone	   NO	   NO	   NO	   NO	   NO	   NO	   NO	  

Absence	  of	  carpals,	  
metacarpals	  or	  hand	  
phalanges	  

NO	   NO	   NO	   NO	   YES	  	   NO	   NO	  

Extensive	  new	  bone	  
formation	   NO	   NO	   NO	   NO	   NO	   NO	   NO	  

Table	  8.5	  Set	  of	  diagnostic	  criteria	  applied	  to	  published	  cases	  from	  Rothschild	  &	  Woods	  1991.	  
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	  	   Kilgore	  
(1989)	   Rothschild	  et	  al.	  (1988)	  

	  	   	  	   Sk1	  
(Female)	  

Sk2	  
(Female)	  

Sk3	  
(Female)	  

Sk4	  
(Female)	  

Sk5	  
(Male)	  

Sk6	  
(Male)	  

Appearance:	   	  	  
Symmetrical	   V	   V	   V	   V	   V	   V	   V	  
Erosive	  lesions	   V	   V	   V	   V	   V	   V	   V	  
Non-‐proliferative	   X	   V	   V	   V	   V	   V	   V	  
No	  Sacroilliac	  
changes	   ?	   V	   V	   V	   V	   V	   V	  

Erosions	  in	  cervical	  
vertebrae	   X	   V	   X	   X	   X	   X	   X	  

Ankylosis	  in	  
carpals/tarsals	   X	   X	   X	   X	   X	   X	   X	  

Osteopaenia	   V	   V	   V	   V	   V	   V	   V	  
Subluxation	  	   X	   X	   X	   X	   X	   X	   X	  
	  	  

Location:	   	  	  	  

Carpals	   V	   V	   V	   V	   V	   X	   V	  
MCP	   V	   V	   V	   V	   V	   X	   V	  
PIP	  hands	   V	   V	   V	   V	   V	   X	   V	  
Tarsals	   X	   V	   V	   V	   V	   X	   V	  
MTP	   X	   V	   V	   V	   X	   X	   V	  
PIP	  feet	   X	   V	   V	   V	   V	   X	   V	  
Knee	   X	   X	   V	   V	   V	   X	   V	  
Shoulder	   X	   V	   V	   V	   V	   V	   V	  
Elbow	   V	   V	   V	   V	   V	   V	   V	  
Cervical	  Spine	   X	   X	   X	   X	   X	   X	   X	  
TMJ	   V	   X	   X	   X	   X	   X	   X	  
Uncommon	  axial	  
involvement	   V	   V	   V	   V	   V	   V	   V	  

	  	  
Uncertain	  diagnosis:	   	  	  	  

Spinal	  fusion	   NO	   NO	   NO	   NO	   NO	   NO	   NO	  
Sacroilliac	  fusion	  or	  
inflammation	   ?	   NO	   NO	   NO	   NO	   NO	   NO	  

Fusion	  of	  carpals	  or	  
tarsals	  with	  reactive	  
bone	  

NO	   NO	   NO	   NO	   NO	   NO	   NO	  

Absence	  of	  carpals,	  
metacarpals	  or	  hand	  
phalanges	  

NO	   NO	   NO	   NO	   NO	   YES	   NO	  

Extensive	  new	  bone	  
formation	   YES	   NO	   NO	   NO	   NO	   NO	   NO	  

Table	  8.6	  Set	  of	  diagnostic	  criteria	  applied	  to	  published	  cases	  from	  Kilgore	  1989;	  Rothschild	  et	  al.	  
1988.	  
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	  	   Leden	  et	  al.	  (1988)	  
Ortner	  and	  
Utermohle	  
(1981)	  

	  	   Grave	  4	   Grave	  15	   	  	  

Appearance:	   	  	  

Symmetrical	   V	   V	   V	  
Erosive	  lesions	   V	   V	   V	  
Non-‐proliferative	   X	   V	   V	  
No	  Sacroilliac	  changes	   V	   V	   X	  
Erosions	  in	  cervical	  vertebrae	   X	   X	   V	  
Ankylosis	  in	  carpals/tarsals	   V	   X	   X	  
Osteopaenia	   V	   V	   V	  
Subluxation	  	   X	   X	   X	  
	  	  

Location:	   	  
Carpals	   V	   X	   V	  
MCP	   V	   V	   V	  
PIP	  hands	   V	   X	   V	  
Tarsals	   V	   V	   V	  
MTP	   V	   X	   V	  
PIP	  feet	   V	   V	   V	  
Knee	   V	   V	   V	  
Shoulder	   V	   V	   X	  
Elbow	   V	   V	   V	  
Cervical	  Spine	   X	   X	   V	  
TMJ	   V	   X	   V	  
Uncommon	  axial	  involvement	   X	   V	   V	  
	  	  

Uncertain	  diagnosis:	   	  	  	  

Spinal	  fusion	   NO	   NO	   NO	  
Sacroilliac	  fusion	  or	  inflammation	   NO	   NO	   YES	  
Fusion	  of	  carpals	  or	  tarsals	  with	  reactive	  
bone	   NO	   NO	   NO	  

Absence	  of	  carpals,	  metacarpals	  or	  hand	  
phalanges	   NO	   NO	   NO	  

Extensive	  new	  bone	  formation	   NO	   NO	   NO	  
Table	  8.7	  Set	  of	  diagnostic	  criteria	  applied	  to	  published	  cases	  from	  Leden	  et	  al.	  1988;	  Ortner	  &	  
Utermohle	  1981.	  
 

Crucial to applying the set of diagnostic criteria are the five ‘yes’ or ‘no’ questions 

in the uncertain diagnosis section. When any of these questions are answered 

affirmatively, then other diseases should also be considered. Several published cases 

answer all of these questions negatively (Blondiaux et al. 1997; Hacking et al. 1994; 
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Inoue et al. 1999; Kacki 2013; Leden et al. 1988; McKinnon et al. 2013; Rothschild et 

al. 1988; Rothschild and Woods 1991; Table 8.3; Table 8.4; Table 8.5; Table 8.6; Table 

8.7) and are thus at a good starting point for diagnosing rheumatoid arthritis.  

While an affirmative answer to any of the five questions should cause the researcher 

to question the rheumatoid arthritis diagnosis, there is a caveat to be considered. 

Sacroiliac fusion or inflammation is uncommon in rheumatoid arthritis, but Resnick and 

Kransdorf (2005, 240) have indicated such asymptomatic radiographic anomalies can 

occur on the ilium in some females with longstanding rheumatoid arthritis.  

Only two cases were positive for subluxation and this could be due to the fact that 

the remains in these cases were partially mummified (Ciranni et al. 2002; Kim et al. 

2011; Table 8.3). In skeletal remains it was difficult to identify the presence of 

subluxation in the hands, while subluxation of the cervical spine was slightly easier to 

identify. An in depth palaeopathological study on the visual representation of 

subluxation at different joints is necessary in order to make better use of this criterion in 

the future.  

In an ideal situation, all the boxes in the ‘appearance’ section of the set of diagnostic 

criteria would be answered affirmatively, but this was not always the case due to 

preservation issues or, in the case of published studies, insufficient information was 

provided. Additionally, if almost all of the ‘appearance’ boxes can be ticked 

affirmatively then the case for making a diagnosis is much stronger.  

The presence of erosive lesions in the cervical vertebrae is not an essential 

requirement, as has been discussed in the previous section of this chapter, due to the fact 

that the feature is not present in every rheumatoid arthritis case, but its presence can 

strengthen a diagnosis (Resnick and Kransdorf 2005, 243). The latter is evidenced by 

published cases such as Blondiaux et al. (1997, Rouen 795; Table 8.4), Kacki (2013; 

Table 8.3), Kim et al. (2011; Table 8.3), Ortner and Utermohle (1981; Table 8.7) and 

Rothschild et al. (1988, Sk1; Table 8.6).  

The ankylosis of carpals and tarsals is a slightly controversial subject. Even though 

ankylosis can occur in clinically advanced cases (Resnick and Kransdorf 2005, 232), an 

article by Leden et al. (2012, 249-250) has indicated that it has a low prevalence of 2% 

and only occurs in the wrist and proximal interphalangeal joints. Thus ankylosis in the 

small joints does not exclude a diagnosis of rheumatoid arthritis, but it should not be 

accompanied by other characteristics that are common in the spondyloarthropathies, 

such as reactive bone formation. Ankylosis of the small joints only occurred in three 

published cases, confirming its low prevalence (Ciranni et al. 2002; Kim et al. 2011; 
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Leden et al. 1988, grave 4; Table 8.3; Table 8.7). The latter three cases do represent 

questionable examples of the disease, due to the fact that some features in the 

“appearance” section and the “uncertain diagnosis” section are not in favour of a 

rheumatoid arthritis diagnosis.  

Finally, the ‘Location of lesions’ section indicates, in particular, the importance of 

the carpals, MCP, PIP hands, MTP and PIP feet joints in the diagnosis, as was stated 

before by Rogers and Waldron (1995, 63) and Waldron (2009, 52). The involvement of 

large joints can be an indicator of more advanced disease and can be used when making 

a visual comparison of the lesions to other cases of rheumatoid arthritis. 

This exercise has shown that, while it is possible to use the set of diagnostic criteria 

on published cases, the examination of the bones or the availability of numerous 

photographs is absolutely essential to analyse cases of rheumatoid arthritis. Cases 

presented by McKinnon et al. (2013), Kacki (2013), Blondiaux et al. (1997), Hacking et 

al. (1994) and Ortner and Utermohle (1981) are thus excellent examples of 

palaeopathological publications on rheumatoid arthritis. The cases presented by 

Rothschild and Woods (1991) or Rothschild et al. (1988) would have been included 

here but, due to the lack of images that accompany the articles, the vital visual 

comparison was not possible.   

By using this set of diagnostic criteria and the table of differential diagnoses 

presented in Chapter 6, it is possible to present an extensively evidenced set of 

differential diagnosis criteria for potential future diagnosis of rheumatoid arthritis. The 

analysis applying the set of diagnostic criteria to published cases has indicated that, 

while rheumatoid arthritis expression can differ between patients, there are also similar 

features that occur in all patients (Bouchaud-Chabot and Lioté 2002, 151). As was 

stated before, this system is a guideline that can assist in making a rheumatoid arthritis 

diagnosis, but a detailed written and visual record of the bones and a differential 

diagnosis should accompany it.  

After using the system in this thesis and for the published cases, the table was 

updated (Table 8.8). The system is a work in progress and should continue to be tested 

and adjusted, as more palaeopathological cases of rheumatoid arthritis are found, or new 

information becomes available from modern clinical studies.  
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	  Identification/Case	  number:	   	  
Sex:	   	  
Age:	   	  
	  	  

Uncertain	  diagnosis:	  
Spinal	  fusion	   YES	  /	  NO	  
Sacroiliac	  fusion	  or	  inflammation	   YES	  /	  NO	  
Fusion	  of	  carpals	  or	  tarsals	  with	  reactive	  bone	   YES	  /	  NO	  
Absence	  of	  carpals,	  metacarpals	  or	  hand	  phalanges	   YES	  /	  NO	  
Extensive	  new	  bone	  formation	   YES	  /	  NO	  
Involvement	  of	  DIP	  in	  hands	  or	  feet	   YES	  /	  NO	  
	  

Appearance:	  
Symmetrical	   ✔/✗	  
Erosive	  lesions	   ✔/✗	  
Non-‐proliferative	   ✔/✗	  
No	  Sacroiliac	  changes	   ✔/✗	  
Osteopenia	   ✔/✗ 
Additional	  features	  in	  appearance:	    
Erosions	  in	  cervical	  vertebrae	   ✔/✗	  
Subluxation	  	   ✔/✗ 
Ankylosis	  in	  carpals/tarsals	   ✔/✗	  
	  

Location:	  
	   LEFT	   RIGHT	  

Carpals	   ✔/✗	   ✔/✗	  
MCP	   ✔/✗	   ✔/✗	  
PIP	  hands	   ✔/✗	   ✔/✗	  
Tarsals	   ✔/✗	   ✔/✗	  
MTP	   ✔/✗	   ✔/✗	  
PIP	  feet	   ✔/✗	   ✔/✗	  
Knee	   ✔/✗	   ✔/✗	  
Shoulder	   ✔/✗	   ✔/✗	  
Elbow	   ✔/✗	   ✔/✗	  
Hip	   ✔/✗ ✔/✗ 
Cervical	  Spine	   ✔/✗	   ✔/✗	  
TMJ	   ✔/✗	   ✔/✗	  
Uncommon	  axial	  involvement	   ✔/✗	   ✔/✗	  
	  NOTES:	   	  	  
Table	  8.8	  Adjusted	  set	  of	  diagnostic	  criteria	  for	  rheumatoid	  arthritis.	  
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The system now includes information on the sex and age of the individual, which is 

important for the demographic profile of the disease, and would be included in the 

detailed recording anyway, but it is now more readily available for consultation. The 

“uncertain diagnosis” section is now placed first as it would allow the researcher to 

immediately detect whether there are features that are not in line with a rheumatoid 

arthritis diagnosis. A question has been added that addresses the presence of lesions in 

the DIP joints of the hands or feet, a location that is uncommonly affected in 

rheumatoid arthritis, but is affected in psoriatic arthritis (Gladman 2008, 1). The 

“appearance” section has been subdivided into essential features and additional features 

for diagnosis, which provides a clearer image of the features that are most commonly 

present in rheumatoid arthritis, and those that affect a smaller number of patients but are 

still indicative of the disease. Finally the “location” section has remained largely the 

same, but now includes the hip joint, which can be infrequently affected in rheumatoid 

arthritis (Resnick and Kransdorf 2005, 239), and is followed by a notes section for any 

additional features that need to be recorded. In the future it would be interesting to 

examine more skeletal collections for potential rheumatoid arthritis cases and to further 

apply and develop the system to these cases.  

 

8.3. Applications	  of	  Clinical	  Literature	  to	  

Palaeopathology	  

As was shown in the previous sections, most cases diagnosed as potential 

rheumatoid arthritis in palaeopathology are severe and it seems likely that the less 

advanced cases are not being diagnosed. Early rheumatoid arthritis is difficult to assess, 

as was shown by the publication of the American College of Rheumatology 2010 

guidelines on defining rheumatoid arthritis (Aletaha et al. 2010, 2571). In clinical 

studies, the identification of early rheumatoid arthritis is important due to the need to 

stop erosive disease before it has inflicted irreversible damage. However, recent clinical 

research has found that up to 60% of modern patients present with joint erosions within 

the first year of disease progression, which makes erosive lesions an important 

osteological diagnostic feature in clinical and palaeopathological research (Machold et 

al. 2007, 342).  These erosions only rarely heal, even though today their progression can 

be slowed or halted by administering disease modifying anti-rheumatic drugs (Lindqvist 

et al. 2003, 611; Scott et al. 2003, S22; Symmons et al. 2003, S2; van der Horst-

Bruinsma et al. 2009, S47). Early erosive lesions should be observable in the 
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osteological record, if their expression and location are understood. Thus the main 

question that will be explored in this section is whether it is possible to apply clinical 

information on early erosive lesions to palaeopathology. 

Erosive lesions in the joints indicate the presence of an inflammatory 

arthropathy and if they are present in multiple joints, there is the possibility of 

identifying erosive polyarthropathy, which is how many rheumatic diseases start. It is 

almost impossible to distinguish between, for example, rheumatoid arthritis and 

psoriatic arthritis in the early stages of the disease through radiography alone, as many 

of the typical characteristics are absent in the early stages (Narvaez et al. 2012, 235). 

MRI imaging of the soft tissues is necessary in a clinical context in order to differentiate 

between the two diseases. However Finzel et al. (2011, 122) found that the appearance 

of the erosions was different between the two diseases. Psoriatic arthritis erosions are 

omega-shaped, smaller and deeper, more evenly distributed, and do not tend to cluster 

to the radial side of the hands, whereas rheumatoid arthritis erosions are U-shaped, 

larger, shallower, and tend to cluster to the radial/lateral side of the hand. This 

information is something that could be used in palaeopathology to examine the shape of 

erosions in known cases of the disease, and later be applied to researching the shape of 

early erosive lesions in skeletal remains. 

Modern clinical research into rheumatoid arthritis has focussed on identifying 

erosive lesions in the early stages in order to examine how soon after disease onset that 

the erosions occur at different locations. The improvements in clinical imaging 

techniques have helped in this endeavour (Hulsmans et al. 2000, 1927; Kirwan 1997, 

227-228; Machold et al. 2007, 342; McGonagle et al. 1999, 1706; McQueen 2013, 499; 

McQueen et al. 2001, 866-867; McQueen et al. 1999, 156; McQueen et al. 1998, 350; 

Moller-Dohn et al. 2007, 1388; Narvaez et al. 2012, 234; Sanmarti et al. 2003, 1044; 

Schaeverbeke et al. 2012, 553; Sharp et al. 1991, 665-667; van der Heijde 1995, 76-

77;Visser et al. 2002, 364). The small joints have been shown to be particularly 

important (wrist, MCP, PIP hand and MTP) as large joints, such as the elbow, shoulder 

and knee are part of the more advanced disease process (Chan and Kong 2013, 14; 

Devauchelle-Pensec et al. 2002, 438).  

A more recent finding in clinical research is that within the first year of disease 

progression the individual joints of the foot, specifically the plantar side of the fifth 

metatarsophalangeal joint, erode more commonly and earlier than the joints of the hand 

within that first year (Chan and Kong 2013, 15; Devauchelle-Pensec et al. 2002, 438; 

Göksel Karatepe et al. 2010, 158, 161; Newcombe et al. 2013, O42; Siddle et al. 2014, 
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935). In the future, an in depth examination of the early osteological changes in the foot 

for other inflammatory rheumatic diseases might help to clarify the anatomical location 

of each early disease, and help to further examination into early erosive lesions in 

palaeopathology. 

There have been many studies that have focussed on the early erosive lesions in 

the hand and wrist. This means that there is a potential for image comparison between 

radiographs, MRI’s and the osteological remains. One of the examples that indicate how 

looking at MRI or radiography from modern clinical research can help 

palaeopathologists is shown in FiguresFigure 8.24;Figure 8.25; and Figure 8.26). The 

drawings were made by the author and based on the MRI grading system proposed by 

Ejbjerg et al. (2005) for the evolution of erosive lesions in the distal radius (Figure 8.24). 

If more of these grade 1 and 2 changes are brought into drawings it might be possible to 

find more cases of early disease in palaeopathology. Further comparative drawings were 

made based on the Ejbjerg et al. (2005) and Conaghan et al. (2005) MRI studies of the 

evolution of changes in the wrist and MCP joints (Figure 8.25; Figure 8.26). It is by 

making these drawings and studying the outlook of early erosive changes in modern 

patients that the palaeopathologist can begin comparative research between modern and 

ancient expressions of early rheumatic changes, an area that has not been explored in 

palaeopathology.  

 

 
Figure	  8.24	  Grades	  of	  radius	  erosion;	  top	  images	  are	  coronal	  sections	  and	  bottom	  images	  are	  axial.	  
Light	  grey	  is	  bone	  and	  the	  darker	  grey	  colours	  represent	  gradual	  bone	  loss	  (Drawings	  by	  D.	  Craps	  and	  
based	  on	  images	  from	  ©Ejbjerg	  et	  al.	  2005,	  i36-‐i37).	  
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Figure	  8.25	  Grades	  of	  metacarpal	  head	  erosion;	  top	  images	  are	  coronal	  sections	  and	  bottom	  images	  
are	  axial.	  Light	  grey	  is	  bone	  and	  the	  darker	  grey	  colours	  represent	  gradual	  bone	  loss	  (Drawings	  by	  D.	  
Craps	  and	  based	  on	  images	  from	  ©Conaghan	  et	  al.	  2005,	  i16-‐i17).	  
 

  
Figure	  8.26	  Lower	  grades	  of	  lunate	  and	  capitate	  erosions;	  top	  images	  are	  coronal	  sections	  and	  bottom	  
images	  are	  axial.	  Light	  grey	  is	  bone	  and	  the	  darker	  grey	  colours	  represent	  gradual	  bone	  loss	  (Drawings	  
by	  D.	  Craps	  and	  based	  on	  images	  from	  ©Ejbjerg	  et	  al.	  2005,	  i40	  &	  i42).	  
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8.4. A	  New	  Approach	  Towards	  Rheumatoid	  Arthritis	  in	  

Palaeopathology	  

The antiquity of rheumatoid arthritis is a subject that has long been debated in the 

literature, this debate being explained in full in section 3.2.1. Three main theories on the 

history of rheumatoid arthritis have been suggested in recent years (Entezami et al. 2011, 

1): the Recent Origin Theory, the Ancient Origin Theory and the New World to Old 

World Theory. The evidence that has been presented in both the literature review and 

the discussion chapters contributes to this debate. The Recent Origin Theory states that 

rheumatoid arthritis is a disease of more modern times and its development results from 

a combination of environmental and genetic factors that were not present in the past. In 

the author’s opinion, this theory can be discounted: the palaeopathological, art historical 

and medical historical evidence discussed has shown that rheumatoid arthritis was 

present in the more distant past (Table 3.4.). One of the theories suggests that 

rheumatoid arthritis becomes more visible in Post-Medieval times, especially after its 

clinical description by Landré-Beauvais in 1800, but only four cases of Post-Medieval 

origin have been found in this study (DCV10 SK12; FAO90 1151 published in Waldron 

et al.1994; Kim et al. 2011; Walker 2012). The potential reasons for the late medical 

“discovery” of the disease and its subsequent description have been explained in section 

3.2.2; by challenging Galenic dogmatic theories in the Renaissance and later the 

Enlightenment it was possible for medical theorists to start categorising diseases and 

classify the different pathological representations of disease.  

The distinction between the Ancient Origin Theory and the New World to Old 

World Theory is based on the fact that the latter theory believes that rheumatoid arthritis 

only existed in the indigenous populations of North America and was transmitted to 

Europe Post-Contact. The fact that rheumatoid arthritis was present before contact has 

been unequivocally shown in Table 3.4, with a total of 12 cases of the disease in Pre-

Contact societies that are not located in the Americas. The similarities between these 

cases, the American cases, and the Medieval and Post-Medieval cases have been shown 

in section 7.1.2. Thus, the New World to Old World theory does not seem to be likely.  

Evidence for the Ancient Origin theory can be found in several sources, the 

palaeopathological case studies, genetics, art history, medical historical and historical 

sources. Palaeopathological cases are present before the 1800s and before contact with 

the Americas is established. Genetic research has shown that certain populations are 

more at risk of developing the disease, which can have an influence on 
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palaeopathological recovery. The more subjective sources from art history, medical 

history and written material, add to the evidence for the Ancient Origin theory, yet they 

should be treated with caution. Recent research has also indicated that smoking is an 

important environmental factor in developing rheumatoid arthritis. The latter could be 

an indication as to why there appeared to be more cases Post-Contact, after the 

introduction of tobacco in Europe (Alamanos and Drosos 2005, 132-134; Burgener et al. 

2006, 141; Edwards and Cooper 2005, 1; Gordon and Hastings 1994, 3.4.1.; Grassi et al. 

1998, S19; Kent and Matteson 2004, 11; Khurana and Berney 2005, 153; Lawrence 

1994, 3.3.1.; Leden et al. 2008, 30; Lindqvist et al. 2003, 615; Másdóttir et al. 2000, 

1202; Maradit Kremers and Gabriel 2004, 5; Peschken and Esdaile 1999, 369; Resnick 

and Kransdorf 2005, 226; Scott 2004, 26; Saag et al. 1997, 467; Silman et al. 1996, 732; 

Silman and Pearson 2002, S265-S266; Stamp et al. 2005, 89; Stolt et al. 2003, 840; 

Toussirot and Roudier 2007, 418; Tobón et al. 2010, 11; Waldron 2009, 48).  

 The previous paragraphs have shown that the only way to approach rheumatoid 

arthritis from a palaeopathological perspective is through a rigorous interdisciplinary 

approach. The incorporation of modern medical, medical historical, art historical, 

archaeological and historical sources has allowed this study to present a more in-depth 

picture of rheumatoid arthritis in the past than has been achieved in case-studies. The 

fact that the disease has been present for a long time has been shown by utilising 

comparative osteological research, an understanding of medical theoretical thought in 

the past, an interpretation of art historical theory and modern genetic and environmental 

clinical research. In the future, clinical research will further develop its understanding of 

rheumatoid arthritis, and it is by using this understanding and placing it in an 

interdisciplinary framework that palaeopathological research into the disease will 

further evolve. 

 

8.5. Future	  Directions	  for	  Rheumatoid	  Arthritis	  Research	  

The main avenue for future research is to apply the interdisciplinary approach 

used here to other rheumatological diseases, such as ankylosing spondylitis, psoriatic 

arthritis, gout, etc. and to continue to apply clinical advancements to palaeopathological 

cases. 

A handbook, in the style of Rogers and Waldron (1995) and Burt et al. (2013) 

that presents a multi-disciplinary approach to the identification of rheumatoid arthritis is 

needed. While more case studies have been published recently (McKinnon et al. 2013; 
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Kacki 2013), it is necessary to also focus on the wider picture of the disease, its 

epidemiology, its relationship to social life and finally its place in palaeopathology.  

A more in-depth synthesis and analysis of potential cases in the UK, in Europe 

and in America is also required. This would enable the set of diagnostic criteria in this 

study to be further refined, along with developing a recording method for rheumatoid 

arthritis, which could then be expanded to include other diseases that fall under the 

umbrella of “rheumatology”. A more thorough understanding of the disease in the past 

would make valuable contributions to clinical understandings of the condition and 

present day sufferers. The examination and identification of the early stages of 

inflammatory arthritis in palaeopathological populations has not been attempted before, 

but should be feasible. 

The advantage of studying historical periods, and especially the Post-Medieval 

period, is the presence of written accounts by both medical professionals and laymen. It 

would be interesting to examine medical historical writings and explore the different 

remedies that were offered for arthritis or rheumatism. This could then be compared to 

the chemical compounds of modern drugs or homeopathic remedies, and could 

potentially elucidate the effectiveness of the historical remedies. This period not only 

allows the study of medical scientific works, when medicine was evolving thanks to 

Enlightenment ideas, but also to look at the common remedy books, such as for 

example Beeton’s Book of Household Management (1861), which then provides the 

researcher with remedies available to both the higher and lower classes of society.  

Dequecker (1977; 1987; 2006) started an interesting path of investigation when 

examining paintings for signs of rheumatic diseases, but this search needs to be 

continued and expanded into other periods of art history. As was mentioned before, no 

research has been conducted into Realism (AD 19th Century) and whether there are any 

signs of arthritis to be found in those works. A systematic research project focusing on 

several art forms and periods within art history could create an interesting 

interdisciplinary work, which further enlightens the history of rheumatism and of the 

artists themselves. 
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Chapter	  9. Conclusions	  
The first primary aim of this project was to develop and evaluate methodological 

approaches to the analysis and interpretation of osteoarthritis and rheumatoid arthritis in 

the past. The second primary aim assessed how modern clinical advances can influence 

the interpretation of osteoarthritis and rheumatoid arthritis in palaeopathology and 

attempted to improve congruence between clinical research and palaeopathological 

results. These two primary aims were achieved through five secondary aims, such as the 

design of a new methodological framework, the composition of a detailed population 

study, the creation of a compartmental recording method and the analysis of each 

separate joint accordingly, the assemblage of a compendium of information on 

rheumatoid arthritis, and the bringing together of revelant evidence on rheumatoid 

arthritis to elucidate the debate on the antiquity of the disease.  

Data on osteoarthritis prevalence was recorded from five Post-Medieval sites from 

the north of England using the “compartmental approach”. Modern clinical comparisons 

showed, for example, that sex-predisposition patterns in joint degeneration were similar 

between Post-Medieval and Modern periods. In addition, while the distribution of DJC 

and osteoarthritis prevalence differed between rural and urban populations, the joints 

that were commonly affected were similar in the two environments. Through using the 

compartmental recording method it was also possible to observe biomechanical patterns 

in the ball-and-socket and the hinge joints, and they were discovered to be related to 

osteophyte development. If the compartmental recording method had not been used here, 

which allows for data analysis to occur on both detailed and general levels, then these 

patterns would not have been found or explained. 

The research on rheumatoid arthritis sought to integrate data from clinical, 

palaeopathological, and historical sources. This approach facilitated the development of 

a set of diagnostic criteria to enable more accurate identification of cases in the future. 

The set of diagnostic criteria was tested on skeletal remains from Medieval and Post-

Medieval periods and on a selected number of published case studies. While the set of 

diagnostic criteria must continue to be tested and re-evaluated as new developments in 

palaeopathology and clinical research occur, this research has provided a foundation for 

the examination and analysis of rheumatoid arthritis in skeletal remains in the future. 

The following sections return to the original aims, questions and hypotheses stated 

in Chapter 1 and summarise and assess the extent to which these were met, including a 

discussion of the limitations. 
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9.1. Osteoarthritis	  

      Three secondary aims were focused specifically on osteoarthritis. Each aim will be 

discussed below and the answers to the associated questions and hypotheses will be 

discussed. 

 

9.1.1. To	  Design	  a	  New	  Methodological	  Framework	  for	  

Osteoarthritis	  in	  Palaeopathology	  

The first secondary aim of this research was to design a new methodological 

framework for osteoarthritis in palaeopathological research, and this was achieved by 

first revisiting the classification of the disease and then by using the compartmental 

approach (the latter is discussed in section 9.1.3). In creating this methodological 

framework, the project also suggested a novel classification for osteoarthritis in 

palaeopathology, based on clinical and palaeopathological research. 

The definition of osteoarthritis is still evolving, but current clinical research has 

established that it is a chronic disorder affecting the entire joint and results from the 

failed reparative attempts of the joint in response to abnormal intra-articular stress 

(Hochberg 2013, 139; Johnson and Hunter 2014, 6; Resnick and Kransdorf 2005, 357). 

The evolution of research into the causes of osteoarthritis in the different joints has led 

clinicians and palaeopathologists to suggest that there is no such thing as 

primary/idiopathic osteoarthritis, and the exact cause of secondary osteoarthritis is not 

always observable in palaeopathology (Jurmain 1999, 18; McGonagle et al. 2010, 279). 

These clinical advances were taken into account when developing a new terminology 

for osteoarthritis classification in palaeopathology.  

Firstly, the idiopathic/secondary division was updated in order to improve 

understanding of what types of osteoarthritis can be found in palaeopathology: 

degenerative joint changes, non-specific osteoarthritis, trauma-induced osteoarthritis 

and generalised osteoarthritis (section 2.1.4). The new categories proposed in this 

project represent an update of the old classification system still used in palaeopathology, 

with a basis in modern clinical research. In this project degenerative joint changes and 

non-specific osteoarthritis were assessed. 

Aside from the issues with classifying the disease, there were also problems 

with the pathological features used to identify osteoarthritis in paleopathology. Jurmain 

(1999, 35) and Rogers and Waldron (1995, 43-44) all agreed that eburnation is 

pathognomonic, but while Jurmain (1999, 30) suggested that only eburnation should be 
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used to identify osteoarthritis in palaeopathology, Rogers and Waldron (1995, 43-44) 

suggested that in the absence of eburnation osteoarthritis could be diagnosed if two of 

the following features were present in the joint: marginal or central osteophytes, 

porosity, or joint contour change. Both classifications have been used in 

palaeopathological research, but a comparative examination has not been attempted and 

needed doing.  

Thus, the second update to the classification was to use both the Jurmain (1999, 

30) and the Rogers and Waldron (1995, 43-44) suggestions. The diagnosis of 

osteoarthritis would only be made when eburnation was present in the joint. However, 

the other degenerative features identified by Rogers and Waldron (1995, 43-44) would 

not be ignored. When two lesions were present within a joint (central or marginal 

osteophytes, macro-porosity, micro-porosity, or joint contour change) a diagnosis of 

degenerative joint change (DJC) was made. This allowed for a more nuanced diagnosis 

of degeneration present in the joints. 

 
9.1.1.i. Can	  Clinical	  Research	  into	  the	  Lesions	  Associated	  with	  

Osteoarthritis	  Provide	  Clarification	  on	  their	  Relationship	  to	  the	  

Disease	  Process?	  Based	  on	  this,	  Is	  it	  Possible	  to	  Infer	  whether	  

DJC	  Occurs	  as	  a	  Precursor	  to	  Osteoarthritis?	  

Pathological lesions used to determine the presence of osteoarthritis in clinical 

and palaeopathological research differ significantly (section 2.1.2). This problem of 

comparison is further exacerbated by the fact that within palaeopathology there are 

different ways of identifying the disease (section 2.1.3). The purpose of this objective 

was to examine clinical research regarding the pathological lesions in the joint, to 

attempt to clarify their relationship with osteoarthritis, and assess whether there was a 

clinical basis for the assumption that DJC occurred before osteoarthritis. 

This research did not question the fact that eburnation is pathognomonic for 

osteoarthritis, but studies have shown that eburnation is a later stage, if not an end-stage, 

of osteoarthritis, thus indicating that reparative attempts made by the joint to preserve 

the protective cartilage have failed (Rogers and Waldron 1995, 44; Jurmain 1999, 30; 

Ortner 2003, 35; Waldron 2009, 34). This information leads to the assumption that the 

joint must go through reparative attempts before it reaches this later stage of the disease, 

and these attempts can leave traces on the bone.  

One such feature that tends to occur before eburnation has fully developed is 

subchondral thickening of the bone, but this can only be assessed through radiography 



 430 

and, due to time and logistical constraints, not all of the skeletal remains could be 

radiographed (Carrabba and Sarzi-Puttini 2005, 1; Grynpas et al. 1991, 23; McGonagle 

et al. 2010, 284-5; Zamli 2014, 8). Other features that were discussed in section 2.2.1 

were porosity and osteophytes.  

Clinical research has suggested that porosity of the subchondral plate is an early 

occurrence in the development of osteoarthritis, but it is also variable and often 

disappears when the subchondral plate thickens (Mastbergen and Lafeber 2011, 2562; 

McGonagle et al. 2010, 285). While clinical research is still examining the role of 

porosity in osteoarthritis, it is possible to state that porosity on the joint surface should 

not be discarded by palaeopathologists, because it is evidence for a 

reparative/degenerative process.  

Osteophytes have been the subject of debate in palaeopathology. They have 

been described as evidence of ageing, and do not always represent a pathological 

process in the joint (Jurmain 1999, 26-28). In clinical research they are considered the 

(radiographic) “hallmark of osteoarthritis” (Watt and Doherty 2003, 212), but they do 

not always correlate with a symptomatic presence of the disease (Dalal et al. 2007, 358). 

There is thus a clear disconnect between the palaeopathological and the clinical 

interpretation of osteophytes. Rather than a degenerative feature, osteophytes actually 

represent a reparative attempt by the joint in response to stress. The stress placed upon 

the joint can be due to osteoarthritic processes or due to the fact that ageing cartilage 

can no longer properly distribute the weight placed upon the joint surface (Felson and 

Neogi 2004, 341; Hunter and Eckstein 2009, 198; Menasche et al. 2012, 13-4; Menkes 

and Lane 2004, S53; van der Kraan and van den Berg 2007, 237). Thus, whether it is 

due to age or disease, osteophytes represent a response by the joint to a change in its 

normal environment and should thus not be disregarded by palaeopathologists. While 

the presence of osteophytes does not always mean that the joint will eventually develop 

osteoarthritis, it is necessary to record this reparative attempt of the body to attenuate 

abnormal stress as a palaeopathological feature in degenerative joint change. One of the 

limitations is that a detailed study on the appearance of osteophytes on different joints is 

necessary to better understand their function and effects on the joints.   

A suggestion for further research is that the relationship between subchondral 

bone thickening and pathological lesions should be examined in-depth in 

palaeopathology. There might be interesting patterns that emerge from measuring the 

subchondral plate thickness in eburnated joints in different populations, or from the 
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potential relationships between subchondral bone thickness and pathological features 

such as osteophytes, porosity or joint contour change. 

In conclusion it is possible to state that while clinical research has assisted in 

elucidating the function of lesions such as porosity, osteophytes, and subchondral bone 

changes, within degenerative/reparative joint disease processes their exact sequence of 

occurrence within the joint and their relationship to one another remains a subject for 

future research.   

 
9.1.1.ii. What	  are	  the	  Patterns	  of	  Osteoarthritis	  and	  DJC	  

Prevalence	  that	  Can	  Be	  Observed	  within	  the	  Different	  Joints?	  

Do	  these	  Patterns	  Differ	  when	  Compared	  with	  Sex	  and	  Age?	  

A pilot study by Craps (2010) already identified marked differences in total 

prevalence rates (TPRs) for osteoarthritis, when only eburnation was recorded, as 

opposed to a combination of lesions. The results (Chapter 5) from this project have 

indicated that in every skeletal population and in every joint, the TPRs of DJC were 

always higher than those of osteoarthritis. A few exceptions were present; for example, 

in the lateral elbow, osteoarthritis was more prevalent than DJC. Furthermore, due to 

the alternative recording method for the temporomandibular joint (based on Rando and 

Waldron 2011), the presence of DJC could not be ascertained in this joint. In both males 

and females the TPRs of DJC were consistently higher than those of osteoarthritis for 

all joints, aside from the lateral elbow.  The fact that TPRs were different between DJC 

and osteoarthritis in certain joints adds strength to the conclusion that the two should be 

studied separately in palaeopathology. However, this difference does not assist in 

solving the question of whether DJC is the precursor of osteoarthritis. The relationship 

between age and DJC and osteoarthritis was similar, which would suggest that age is a 

significant risk factor for both. Mainly the middle adult and old adult age categories 

were affected.  

In relation to this research question a hypothesis (later referred to as Hypothesis 

2), based on clinical research, was examined. Hypothesis 2 stated that, in modern 

clinical research, males are more affected by degeneration in the young adult and 

middle adult age ranges, whereas females are more affected in the old adult age range 

(Felson 2003, 9; Huffman and Kraus 2012, 604; Lajeunesse and Reboul 2007, 24; 

Nevitt 2006, 27; Resnick and Kransdorf 2005, 358-9). Hypothesis 2 was examined in 

Section 7.4 and attempted to test whether the latter modern clinical trend could be 

observed in the archaeological populations from the Post-Medieval period. Hypothesis 
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2 was not supported by palaeopathological data and the expected age-related increase of 

cases was observed. The results presented here did not concur with this modern clinical 

trend although this could be due to the limitation mentioned above.  

 It is possible to conclude that the difference in prevalence between DJC and 

osteoarthritis means that both should be recorded and studied separately. Clinical 

research has shown that the lesions recorded for DJC tend to occur in the earlier stages, 

in the joint’s attempts at repair. Eburnation, which was used to identify osteoarthritis, is 

part of the later stages in the disease, when repair has failed at preserving the cartilage. 

While there are many risk factors that can predispose a joint to degeneration, not every 

joint will proceed to the later stages.  

 
9.1.2. To	  Compose	  a	  Detailed	  Population	  Study	  of	  the	  Prevalence	  

of	  Degeneration	  in	  Northern	  Post-‐Medieval	  Populations	  

This second secondary aim was achieved in the results (Chapter 5) and with 

additional data from the Appendices (C, D, and G). Detailed data on the preservation 

levels for the joints and the numbers of cases of DJC and osteoarthritis were presented. 

Clinical research has identified several risk factors that predispose a joint to 

degeneration and it is possible to assume that these risks are variable between different 

environments (Felson 2003, 9; Nevitt 2006, 26).  

 
9.1.2.i. Can	  any	  Differences	  Be	  Identified	  in	  the	  Prevalence	  of	  

Otseoarthritis	  and	  DJC	  Between	  the	  Selected	  Rural	  and	  Urban	  

Populations	  from	  Post-‐Medieval	  Northern	  England?	  Is	  this	  

Potential	  Difference	  also	  Observed	  in	  the	  Sexes?	  

In general, this project found that the TPRs for DJC were slightly higher in the 

urban populations, in certain joints, than in the rural populations, whereas osteoarthritis 

tended to occur more in the rural sample. These results could suggest that 

environmental factors act differently upon the development of DJC and that of 

osteoarthritis. While there were differences between the TPRs, the observed patterns 

were surprisingly similar. In general, the hip joint was most affected by DJC in both the 

rural and urban populations, and osteoarthritis occurred most in the lateral elbow in both 

environments.  

DJC patterns for males or females from the rural and urban environments were 

consistent for each sex, respectively. In both rural and urban males the hip and 

acromioclavicular joint were most affected, whereas in both rural and urban females the 
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temporomandibular, acromioclavicular and hip joints were most affected. This 

similarity between age and sex would suggest that DJC patterns tended to be consistent 

in both the rural and urban environments. However, this was not the case for 

osteoarthritis, where a variety of patterns were observed when correlating with either 

sex or age, which would suggest that a more complex interaction of risk factors is 

involved in the evolution of joint degeneration to late stage eburnation. 

Historical research indicated that Barton-upon-Humber was not a typical rural 

sample, due to the fact that both agriculture and industry was present at this site. 

However, it was not possible to identify which individuals from the skeletal sample 

worked in agriculture or industry, and thus Barton-upon-Humber represented a mixed 

rural/urban population. In section 7.2 the TPRs of DJC and osteoarthritis in the separate 

joints were compared between Fewston, Barton-upon-Humber and the urban sample, 

(Hanging Ditch, Coach Lane and Coronation Street). It could be concluded that the DJC 

levels between the sites were very similar between Barton-upon-Humber and the urban 

sample and they were also not significantly different from Fewston. However, 

osteoarthritis had variable TPRs from each of the sites, without any specific patterns. 

This could suggest that environmental factors do not have a large impact on the 

development of DJC, but an unknown interaction between the multifactorial aetiology 

of osteoarthritis and environmental factors might play a part in predisposing a joint to 

developing eburnation. 

When examining the clinical research on risk factors in the development of 

osteoarthritis (Figure 2.1 and Figure 2.2) there was no mention of specific rural or urban 

risks, and the focus lies more on the complex interaction of a multitude of risks 

(Johnson and Hunter 2014, 7; Nevitt 2005, 26). It might thus be rather too simplistic to 

assign the patterns observed here to rural and urban causes. More attention should be 

paid to the multifactorial aetiology that predisposed individuals to develop the disease, 

rather than the rural-urban division. Within a palaeopathological study, it is of course 

difficult to control for all the risk factors that contribute to degeneration.  
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9.1.2.ii. Will	  a	  Comparison	  Between	  the	  Prevalence	  Rates	  from	  

Northern	  to	  those	  from	  Contemporaneous	  Southern	  

Populations	  Indicate	  Any	  Different	  Patterns?	  Are	  there	  

Differences	  in	  these	  Patterns	  when	  Correlating	  the	  Results	  

with	  Sex?	  

The lack of standardisation in the reporting of joint degeneration between 

published studies made addressing this question problematic for a number of sites. In 

particular the variable definitions of osteoarthritis and the different ways in which 

prevalence rates were calculated were limiting factors. While it was not possible to 

compare DJC prevalence rates with any other studies, due to the different 

methodological approaches, it was possible to compare the prevalence of osteoarthritis 

between several urban sites from Post-Medieval London (Henderson et al. 2013 and 

Miles et al. 2008). The TPRs for osteoarthritis in the different joints were similar 

between the northern and southern urban populations, and they were slightly higher in 

the Fewston and Barton-upon-Humber populations than in the south. Thus it was 

possible to state that, while there was a slight difference in prevalence rates, there was 

no marked difference in the patterns observed that might be explained by a north versus 

South environmental divide.  

An interesting pattern that has emerged from this project is that the general sex-

related patterns (i.e. whether males or females are more affected in specific joints) are 

similar between Post-Medieval northern and southern populations (Section 7.4: Table 

7.11). While prevalence could differ, the general pattern relating to which sex was more 

likely to develop degeneration within a particular joint, for example females in the 

tibiofemoral joint, was similar between the northern and southern populations. This 

would then indicate that sex-predisposition is similar between the environments, while 

the actual prevalence might be variable.  

 

9.1.2.iii. Are	  the	  Patterns	  of	  Osteoarthritis	  Observed	  in	  Modern	  

Populations	  Different	  from	  the	  Patterns	  of	  Osteoarthritis	  and	  

DJC	  in	  Post-‐Medieval	  Populations?	  

Due to the osteological paradox and the fact that palaeopathology examines 

samples of deceased populations, it is not possible to compare modern clinical 

prevalence rates directly with palaeopathological prevalence (section 2.2.2). However, it 
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is possible to compare the general patterns of predisposition for osteoarthritis between 

the past and the present.  

In relation to the previous questions (9.1.2.i – 9.1.2.iii) another hypothesis was 

presented in Chapter 1. This hypothesis (referred to in the thesis as Hypothesis 1), based 

on clinical research, stated that the distribution of degeneration between males and 

females is similar in the Post-Medieval sites from this study, contemporaneous Post-

Medieval sites and in modern clinical studies. In section 7.4, Table 7.11 indicated that 

for DJC the general sex-related patterns were similar to the modern clinical data, except 

for the joints of the shoulder and the patellofemoral joint. The osteoarthritis comparison 

indicated that only the sex-related patterns for the lateral patellofemoral joint were 

similar between Post-Medieval and modern clinical data. This then suggests that 

patterns are divergent and thus could have evolved from Post-Medieval to modern times, 

which could be due to differing risk factors between the past and the present. 

 
9.1.2.iv. Is	  it	  Possible	  to	  Analyse	  the	  Impact	  of	  Osteoarthritis	  on	  

Individuals	  in	  the	  Past	  through	  Modern	  Clinical	  Research?	  

This research focused on the association between risk factors and the 

development of osteoarthritis, without making assumptions about occupation and 

activity. Palaeopathological research has already indicated that activity reconstruction 

from osteoarthritis in skeletal remains does not produce consistent results and that it 

should be approached with great care (Jurmain 1999). While this study did not attempt 

to reconstruct occupations in the past, it did try to explain the observed patterns. Post-

Medieval rural males had high levels of hip osteoarthritis, which is a pattern found in 

clinical studies and is related to farming, but not all farmers get hip osteoarthritis. 

Through an in-depth analysis of clinical and biomechanical research, it was concluded 

that the observed patterns were, in part, due to specific movements that stressed the hip. 

The influence of genetics and other predisposing factors were also stressed, thus 

indicating that assigning increased prevalence of hip osteoarthritis in the rural 

environment solely to farming is a rather simplistic explanation of a complex 

multifactorial process. 

While this project focused on the potential predisposing factors of degeneration, 

it also examined the impact that osteoarthritis could have had on the daily lives of 

individuals in the past. In modern clinical research the limitations experienced by 

patients when specific joints have degenerated are described in depth. While it is not 

possible to make deductions on pain experience in the past (section 2.2.3.2), due to the 
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fact that osteological/radiographical lesions do not necessarily indicate symptoms, it is 

possible to suggest certain problems an individual might have experienced. The case 

study of Joseph Darnbrook, individual 307 from Fewston, examined census records, 

degenerative lesions found on his skeleton and clinical research, in order to reconstruct 

potential difficulties he might have experienced in his life, such as problems with 

lifting/carrying heavy items, handling small objects, getting dressed and rising from a 

sitting position. In the future it would be interesting to conduct a detailed examination 

on the clinical literature on difficulties that are related to joint-specific degeneration and 

to then correlate this to skeletal changes, as was attempted by Young and Lemaire 

(2012) for the tibiofemoral joint.  

One of the areas in which future research is necessary is the potential association 

between vitamin deficiencies and the presence of osteoarthritis. Clinical research has 

found that there appears to be a complex relationship between certain vitamin 

deficiencies (D, C and E) and the development of osteoarthritis (Canter et al. 2007; 

Nevitt 2006). While historical research has indicated that specific dietary sources for 

vitamins were present in the Post-Medieval times, there were still deficiencies to be 

found in the palaeopathological record. In palaeopathology no study has attempted to 

correlate the presence of vitamin deficiencies with osteoarthritis and a detailed study in 

the future could provide interesting results to enable the potential comparison. 

 Finally, a short study on attitudes towards the disease in the past has indicated 

that the general feeling was one of “getting on with the business at hand”, of acceptance 

and making the best of it, regardless of health problems. Only when degenerative 

disease affected the potential of the individual to make a living would treatment be 

sought. This project has brought to light the necessity of future research into past 

attitudes towards any rheumatic disease. Through historical sources it would be 

interesting to examine the attitudes towards the disease in-depth, and to focus on the 

different treatment options that were available to individuals in the past. This research 

would further elucidate the social history of osteoarthritis and other rheumatic diseases. 

 
9.1.3. To	  Create	  and	  Assess	  the	  Use	  of	  a	  Compartmental	  Recording	  

Method	  in	  Providing	  a	  Nuanced	  Analysis	  of	  Potential	  Patterns	  

The third secondary aim focussed on the importance of applying a 

compartmental approach in the analysis of osteoarthritis, which has been highlighted 

both in palaeopathology and in clinical research (Altman and Lozado 2007; Burt et al. 

2013; Flores and Hochberg 2003; Jurmain 1999; McGonagle et al. 2010; Waldron 
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2009; Waldron 2012; Weiss and Jurmain 2007). The methodology employed here 

allowed for both detailed and general analysis, and generated large amounts of data.  

 
9.1.3.i. Can	  the	  Compartmental	  Recording	  Method	  Identify	  

Specific	  Patterns	  in	  Osteoarthritis	  Distribution	  that	  Would	  Not	  

be	  Evident	  when	  Analysing	  Only	  the	  Complete	  Joint?	  Does	  the	  

Compartmental	  Approach	  Facilitate	  Comparative	  Analysis	  

with	  Clinical	  Research?	  

 
The detailed recording of the pathological changes allowed for the observation 

and analysis of some interesting patterns. Section 5.5 of Chapter 5 indicated that a 

differential distribution of these changes could be observed in the ball-and-socket and 

the hinge joints. In ball-and-socket joints the stable compartment was more affected by 

degeneration than the mobile element. In hinge joints differential patterns were present. 

In the medial elbow the proximal ulna was more affected by degeneration than the distal 

humerus, whereas in the lateral elbow the distal humerus was more affected than the 

head of the radius. In the medial tibiofemoral joint the distal femur was more affected 

by degeneration than the proximal tibia, whereas in the lateral tibiofemoral 

compartment the proximal lateral tibia was more affected than the distal femur. In the 

patellofemoral joint no patterns were observed. If a detailed compartmental recording 

approach had not been used, then these patterns would have been lost. Section 7.8 of the 

osteoarthritis discussion chapter then applied a multidisciplinary approach to 

interpreting these patterns, including: anatomical, biomechanical and comparative 

clinical and palaeopathological studies in order to explain the patterns that were 

observed. In each of the joints they were found to be the result of osteophyte 

development. The influence of osteophytes on a joint is that they stabilise a stressed 

joint and attempt to restore balance in the pressure that is applied to the joint surface. 

Another discovery was that weight-bearing joints, such as the hip and the knee joints 

had a greater variety in the amount of pathological lesions observed in the joint, 

whereas in load-carrying joints, such as the glenohumeral and elbow joints, less variety 

in the pathological lesions expressed was recorded. By using the compartmental 

approach, this study not only found differential patterns of bone response to stresses 

within different joints, but employed modern biomechanical research to the explanation 

of these patterns.  
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Other examples of the importance of the compartmental approach were the 

differential patterns found in the shoulder, the elbow, the patellofemoral and the 

tibiofemoral joints, which were compared to clinical research. In the shoulder joint, the 

division between glenohumeral and acromioclavicular joints helped in differentiating 

patterns of degeneration between these two joints. In addition, the detailed recording of 

pathological lesions allowed for the identification of rotator cuff degeneration, which 

was found to differentially affect males and females from rural and urban environments, 

a pattern that is also found in clinical research (Reilly et al. 2006). Patterns observed in 

clinical research, such as the relationship between rotator cuff changes and lateral elbow 

epicondylitis, and the relationship between bilaterality of rotator cuff changes and age 

(Chard et al. 1994; Nho et al. 2008), were also found in the skeletal remains in this 

study. In fact, not only did rotator cuff changes correlate with DJC at the lateral elbow, 

they also related to DJC at the medial elbow, thus proving the interesting connection 

between pathological changes at these joints. It would be interesting in future research 

to continue to examine these differences and conduct a detailed comparative study of 

the prevalence of DJC and entheseal changes between the glenohumeral and elbow 

joints.  

An unconventional approach was taken for the patellofemoral joint, which is not 

examined on a compartmental basis in either clinical or palaeopathological studies. 

Clinical research has stated that the lateral side is usually more affected, which was also 

confirmed here (Abhishek and Doherty 2013; Hinman and Crossley 2007). This study 

found that osteoarthritis was uncommon in the medial compartment of the 

patellofemoral joint, but that DJC was a common occurrence in this location, with 

males more affected than females. By contrast, in the lateral compartment, females were 

more commonly affected and osteoarthritis occurred more in this compartment than in 

the medial one in both sexes. The unicompartmental/bicompartmental degeneration also 

suggested that compartments within the patellofemoral joint did not influence each 

other in degeneration, as unicompartmental degeneration was more common. The left 

and right sides were also not related, as unilateral degeneration occurred more 

frequently than bilateral degeneration. In the future it would be interesting to apply this 

compartmental recording to other populations and study whether the emerging patterns 

are similar to the Post-Medieval patterns. This study has indicated that sex-related 

patterns are different in the medial and lateral patellofemoral compartments and should 

be studied separately. 
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9.2. Rheumatoid	  Arthritis	  

For the rheumatoid arthritis part of this project two additional secondary aims 

(referred to as the fourth and fifth secondary aims in Chapter 1) were stated along with 

several research suestions. The fourth secondary aim was to assemble a compendium of 

information on rheumatoid arthritis to make identification of potential cases in the 

future more assessible. The fifth secondary aim attempted to bring together the relevant 

evidence for rheumatoid arthritis in order to elucidate the debate on the antiquity of the 

disease. The following sections will summarise, discuss and conclude the results of 

these aims. 

 

9.2.1. To	  Assemble	  a	  Compendium	  of	  Information	  on	  Rheumatoid	  

Arthritis	  to	  Make	  Identification	  of	  Potential	  Cases	  in	  the	  

Future	  More	  Accessible	  

In order to fulfil this fourth secondary aim information was assembled on 

rheumatoid arthritis in chapters three, four, six and eight from clinical, 

palaeopathological and historical literature, along with the detailed macroscopic 

analyses of the skeletal remains of several individuals with rheumatoid arthritis as a 

potential diagnosis. This review was essential to the following objective of refining 

current palaeopathological diagnoses.  

In the future the interdisciplinary approach that was applied to rheumatoid 

arthritis in this project should be further developed and applied to other rheumatic 

diseases, such as gout, ankylosing spondylitis, psoriatic arthritis, etc. This will assist in 

a better understanding of these diseases and will offer more clarity with regard to the 

palaeopathological analysis of these diseases. 

 
9.2.1.i. To	  Create	  a	  Set	  of	  Diagnostic	  Criteria	  for	  Rheumatoid	  

Arthritis	  that	  Will	  Standardise	  the	  Recording	  of	  the	  Disease	  

and	  Facilitate	  the	  Examination	  of	  Skeletal	  Data	  

This research objective was achieved first by the analysis of clinical information 

on the disease in section 3.1. This information was then used to create a set of 

diagnostic criteria that combined pertinent information on the appearance and location 

of lesions associated with rheumatoid arthritis in contrast to other erosive arthropathies 

(Table 4.12).  
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The macroscopic analysis of the skeletal remains produced a detailed overview 

of the preservation of the individual and the location of the lesions. This was then 

accompanied by a thorough description of the morphology of the lesions, a 

photographic record of each skeletal element affected by the lesions, and, where 

possible, radiographs of the affected bones. The acquired data was then assembled in 

the set of diagnostic criteria (Table 6.1), which allowed for an easy comparative 

examination and differential diagnosis of the different cases.  

 Once the set of diagnostic criteria was tested on the skeletal remains, it was then 

applied to a selection of published cases, which finally led to modifications to the layout 

of the table. The standardised set of diagnostic criteria (Table 8.8) will continue to be 

tested and updated in the future, but presents a basis for rheumatoid arthritis research 

that was not previously available. 

 
9.2.1.ii. To	  Analyse	  the	  Skeletal	  Remains	  of	  Individuals	  with	  

Suspected	  Rheumatoid	  Arthritis	  in	  Order	  to	  Test	  the	  Set	  of	  

Diagnostic	  Criteria	  

The five Post-Medieval sites that were examined for the osteoarthritis section of 

this research project unfortunately did not yield any potential cases of rheumatoid 

arthritis. In the end, due to the scarcity of the disease, a total of 18 potential cases were 

found from a variety of sites in England and from different time periods (Table 4.6). 

The initial selection was based on the presence of erosive lesions, but after the 

macroscopic analysis and the application of the set of diagnostic criteria, only five cases 

were identified as probable rheumatoid arthritis.  

The results for each case were presented in Chapter six, along with a differential 

diagnosis. The identification of these individuals adds to the palaeopathological 

information currently available for the disease and will assist in comparative analysis of 

other cases. A limitation of palaeopathological research is that the soft tissue, which 

contains important clinical indicators for the presence of rheumatoid arthritis, is not 

available for analysis. Because of this, the diagnosis of cases in the palaeopathological 

record must be limited to a probable diagnosis, at least until biochemical analysis of the 

bone allows rheumatoid arthritis to be more securely diagnosed.  
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9.2.1.iii. To	  Create	  a	  Visual	  Comparative	  Database	  of	  Skeletal	  

Lesions	  of	  Potential	  Rheumatoid	  Arthritis	  Cases	  

In Chapter 8 a visual comparison was presented, based on the analysed skeletal 

remains and on photographic evidence from the published cases. This research has 

identified striking resemblances in the appearance of the erosive lesions in several 

skeletal elements from the macroscopically analysed cases, as well as in the published 

palaeopathological rheumatoid arthritis cases, and with MRI-imaging from clinical 

sources (converted into drawings by the author). These elements in particular are the 

proximal ulna, the upper cervical vertebrae, the distal radius and ulna, the carpals, the 

metacarpophalangeal and the metatarsophalangeal joints. The importance of the results 

from the visual comparative database lies in the fact that they will greatly assist visual 

identification of rheumatoid arthritis in the future. In addition, the clear association 

between the drawings based on the MRI-scans and the photographic record, provides a 

clinical basis for the visual similarities discovered in this project. 

 A future research possibility is the creation of a handbook on rheumatoid 

arthritis, which includes the research from this project, along with the standardised 

methodology. This handbook should also include advances in biochemical analysis that 

could assist in identifying the presence of rheumatoid arthritis in cases where a 

diagnosis is uncertain. Further research on cadaveric material will further advance the 

understanding of the expression of the disease. 

	  
9.2.1.iv. To	  Apply	  the	  Set	  of	  Diagnostic	  Criteria	  on	  the	  Published	  

Palaeopathological	  Literature	  

In section 8.2, a total of 25 published cases of rheumatoid arthritis were analysed 

through the set of diagnostic criteria and, while some represented good cases of the 

disease, others were deemed questionable. The merits of employing this set of 

diagnostic criteria is that it made comparing the variable published data easier and that 

it further emphasized the necessity of providing adequate photographic evidence of the 

lesions along with their macroscopic descriptions. 

By bringing together the published cases, both the similarities and variability of 

expression of rheumatoid arthritis in the palaeopathological record has been highlighted. 

While a certain degree of standardisation is possible, the variable nature of the disease, 

as also evidenced by clinical studies, requires extensive comparative analysis. 
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9.2.1.v. To	  Assemble	  the	  Relevant	  Clinical	  Literature	  in	  Order	  to	  

Examine	  the	  Disease	  from	  a	  Palaeopathological	  Perspective	  

and	  Assess	  Its	  Potential	  Applications	  to	  Skeletal	  Remains	  	  

The use of clinical advances in understanding palaeopathology is not a new idea, 

but in this project the relevant clinical literature on rheumatoid arthritis is assembled for 

the first time and compared with the patterns observed in skeletal remains. By 

contextualising the erosive lesions related to rheumatoid arthritis through clinical and 

palaeopathological analysis, and examining the progression of these lesions in disease 

development, a more substantial link between modern information and 

palaeopathological cases was achieved.  

One of the applications of clinical research to palaeopathology was 

demonstrated in Chapter 8 (section 8.1.2), where drawings based on MRI-imaging were 

used along with photographs of the skeletal remains, and this allowed for a 

classification of the lesions according to clinical standards. In the future, the analysis of 

clinical imaging and relating the images to dry bone lesions will allow 

palaeopathologists to examine the progression and evolution of the disease over time. 

An important finding from recent clinical studies is that the erosive lesions 

related to rheumatoid arthritis occur early in the disease process, sometimes within the 

first year (Machold et al. 2007, 342; section 8.3). The healing of erosions is also rarely 

found in clinical research; thus it is possible to assume that this was also the case in the 

past (Lindqvist et al. 2003, 611; Scott et al. 2003, S22; Symmons et al. 2003, S2; van 

der Horst-Bruinsma et al. 2009, S47). The palaeopathological cases of the disease are 

considered to be severe examples of rheumatoid arthritis, and this was confirmed by 

comparison with MRI-images from modern cases (section 8.2). Based on this 

information it should then be possible to identify early erosive lesions in skeletal 

remains, but assigning them to a specific disorder might prove to be too difficult, as 

even modern clinical studies cannot accurately classify erosive lesions without also 

analysing blood and examining the soft tissues (Narvaez et al. 2012, 235).  

An interesting future research project would focus on these early erosive lesions 

from a clinical and a palaeopathological perspective. By examining the early changes 

that clinical studies have found in several rheumatic disorders, and studying the 

morphology and distribution of the skeletal lesions, it is possible to commence a study 

into the prevalence and distribution of early erosive polyarthropathies, which is a 

subject that has never before been examined.  
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9.2.2. To	  Bring	  Together	  the	  Relevant	  Evidence	  for	  Rheumatoid	  

Arthritis	  in	  Order	  to	  Elucidate	  the	  Debate	  on	  the	  Origins	  of	  the	  

Disease	  

In Chapter 1 it was stated that there are three main theories on the origin of 

rheumatoid arthritis, summarised by Entezami et al. (2011, 1). The fifth secondary aim 

focussed on the elucidation of the debate surrounding these theories. This project has 

been able to determine that the most likely theory is the Ancient Origin Theory.  

  Since the publication of Short’s (1974) article, this research has identified 23 

publications that have identified cases of rheumatoid arthritis from all different time 

periods and from a varied geographical background. The detailed analysis of the clinical 

information on the aetiology of rheumatoid arthritis has proven, firstly, that genetic 

predisposition makes up almost 50% of the risk in disease development, and secondly 

that certain populations (Native Americans) have a much higher prevalence of the 

disease. This information explains why the prevalence of rheumatoid arthritis is variable 

around the world and why there are more palaeopathological cases found in certain 

geographical regions. The analysis of medical historical information further clarified the 

reason for the relatively late (AD 1800) first accepted description of the disease. The 

challenging of Galenic dogmatic theories with regard to disease did not commence until 

the Enlightenment. Finally, the works of Dequecker (1977; 1987; 1991; 2001) on the 

presence of rheumatic diseases in works of art, has also shown that hand deformities, 

which could have been related to rheumatoid arthritis, were present in the works of art 

from the Flemish Masters. 

 By assembling clinical, palaeopathological and historical research on 

rheumatoid arthritis, the evidence supported the Ancient Origin theory. Future research 

should focus on the biochemical analysis of skeletal remains in the hopes of finding 

either the rheumatoid factor or genetic evidence for the presence of the disease, which 

will then give irrefutable proof for the antiquity of the disease. 

 

9.3. Limitations	  of	  this	  Thesis	  

While this project has highlighted the potential of osteoarthritis and rheumatoid 

arthritis research from a palaeopathological perspective, there are also several 

limitations that must be briefly discussed here. The general limitations that are 

associated with the field of palaeopathology, such as taphonomic bias (Wood et al. 1992, 
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344), and age-estimation problems (discussed in section 7.1), apply to this study, but 

there are a few other limitations that will be highlighted here. The basic premise of this 

research has been to correlate palaeopathological observations with modern clinical 

research, but the main limitation here is that clinical research generally deals with living 

individuals or individuals who have a detailed medical history and this is not the case 

for palaeopathologists.  

Firstly, the level of detail in the clinical definition of osteoarthritis or rheumatoid 

arthritis cannot be achieved in the palaeopathological definition due to the absence of 

soft tissue and/or a complete medical assessment of the individual. While this project 

attempted to remedy this by suggesting an updated definition for osteoarthritis, the 

detailed identification of which type of osteoarthritis is affecting the individual cannot 

be achieved. This problem is also apparent when attempting to distinguish between 

rheumatoid arthritis and the rheumatic variant of psoriatic arthritis, which is even still a 

problem in modern clinical research (Aletaha and Radner 2013, 852-3; Waldron 2009, 

63).  

Secondly, general patterns of prevalence can be compared between modern clinical 

and palaeopathological studies, but specific prevalence rates, i.e. percentages, are 

impossible to compare. This is due to the fact that archaeological skeletons are almost 

always biased samples of the total population from the past (Wood et al. 1992, 344; 

Waldron 1994, 11). This then limits interpretations to a comparison between general 

patterns of disease prevalence in modern and archaeological populations. 

Finally, there is a difference between observations of bone changes and radiographic 

analysis, and these issues, related to comparing changes observed on radiographs and 

those observed on the bone, have already been critiqued by Rogers et al. (1990). Thus, 

while interesting information can be obtained from the detailed examination of clinical 

imaging from a palaeopathological perspective, it is necessary to remember that certain 

osteological changes can be unobservable in clinical imaging, which also leads to a 

questioning of their importance for disease diagnosis. 

Standardisation of recording methods has been an important concern in 

palaeopathology. While the work by Buikstra and Ubelaker (1994, 122-123) provided a 

good attempt at standardising changes related to osteoarthritis, the lack of photographic 

examples of the changes makes recording still very subjective. The methodology 

presented here was subjected to intra- and inter-observer testing (Section 4.3.2.ii), but 

the main problem was identifying small osteophytes and minimal porosity. This has led 

to the addition of photographs detailing the changes in Section 4.3.2.i, but due to time 
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constraints intra-  and inter-observer error testing could not be repeated and must thus 

be attempted in the future and the methodology should then be re-examined in light of 

this. 

The comparison of data between Post-Medieval skeletal collections was hampered 

due to different definitions, recording methods, and prevalence rate calculation. 

Standardisation of these three factors would allow for better comparative research and 

more information to emerge from the archaeological record.  

For rheumatoid arthritis in particular, one of the limitations was the small number of 

skeletons available for research, which restricted the scope of the conclusions that were 

drawn here. The solution, of course, would be to find more individuals who had 

rheumatoid arthritis during their lives. In the future more skeletons with rheumatoid 

arthritis will come to light, as was already shown by the number of individuals found in 

the forty years between Short’s (1974, 203) statement “I have not encountered 

unmistakable peripheral rheumatoid arthritis in palaeopathologic studies in Europe or 

the Western Hemisphere …” and the writing of this thesis. However, one limitation is 

that not every region in the world provides courses on palaeopathology and it is not 

practised everywhere in the world to the extent seen in North America and Europe 

(Ortner et al. 2012, 684), which will also affect the likelihood of finding more examples 

of the disease in archaeological individuals. 

 The limitations listed here should be kept in mind during continued research on the 

subject of arthritis in palaeopathology. By conducting future research that abides by a 

set of guidelines will result in the improvement of analyses and allow more conclusions 

to be drawn about the health of past populations. 

 

9.4. Concluding	  Remarks	  

In these concluding remarks it is necessary to turn to a question stated by Jurmain 

(1999, 1) in relation to the relevance of research: “So what?”. This thesis set out to 

examine two common modern diseases from a multidisciplinary perspective. It proved 

that by applying information from a range of different disciplines, such as modern 

clinical research, historical sources and biomechanical studies, a more informed 

analysis and discussion could be attained. This project also showed that aside from 

creating a comparative archaeological population study, the results can be used for 

testing hypotheses between modern and past populations. The comparison between 

clinical and palaeopathological research needed to be approached with care and was by 
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no means straightforward, yet both disciplines can influence each other and enhance the 

other in terms of understanding the osteological expressions of joint diseases. 

Osteoarthritis had been described as “one of those dull commonplace disorders that 

are hard to study with enthusiasm” by one of the pioneers in osteoarthritis research, 

Kellgren (1961, 1), and rheumatoid arthritis is still considered an uncommon disorder in 

palaeopathology. However research into both diseases is fascinating from a clinical and 

palaeopathological point of view. With the development of more accurate imaging 

methods, the osteological expression of both conditions is becoming clearer from a 

clinical perspective. The advances made in the study of ancient biomolecules could be 

applied to the study of osteoarthritis and rheumatoid arthritis in order to advance our 

current understanding of these diseases and how their genetic blueprint has evolved 

over time (Spigelman et al. 2012, 134, 144). Palaeopathology has a unique advantage 

over clinical studies in that it can examine the dry bones and observe the osteological 

expression of these diseases when drug therapy was not available. Through this 

examination of the past expressions of both osteoarthritis and rheumatoid arthritis it is 

possible for palaeopathology to contribute to modern clinical research. An 

understanding of the past expressions of these diseases also allows modern clinicians to 

track the evolution of the disease. Not only that, but through the reconstruction of 

osteobiographies it is possible to create a more in depth picture of individual lives in the 

past and the limiting effects of these chronic conditions. 

 This project has shown that there are still many research topics related to 

osteoarthritis and rheumatoid arthritis that need to be explored, and that 

palaeopathological analyses can continue to evolve and adapt alongside modern clinical 

research. It is possible to conclude that palaeorheumatology should make a comeback in 

palaeopathology, as there are many potential research avenues that have not yet been 

explored in full. Osteoarthritis is found in almost every skeletal population and thus 

offers the palaeopathologist a large amount of data that should be analysed and that can 

be contrasted with modern research. Rheumatoid arthritis is not as common in skeletal 

collections, but by developing better standards for recording and diagnostic criteria a 

better understanding of this disease may be attained. Finally, it is hoped that this 

research has demonstrated that there is so much more to the study of joint disease than 

debates concerning the reconstruction of past activity. Instead, palaeopathologists can 

make meaningful contributions towards understanding the complex aetiology and 

expressions of these commonplace conditions within different populations and over 

time.  
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Appendix	  A. Blank	  Recording	  Forms	  
 
 
General Characteristics 

Sex: cranial features  

Sex: pelvis features  

 Age: 

 
Adult Sex Assessment: 

SKULL Male Male? Undetermined Female? Female Element n/a 
Supraorbital ridges       

Orbital rims       
Frontal       

Posterior zygomatic arch       
Mastoid processes       

Occipital protuberance       
Gonial angle       

Mandibular ramus       
Mental eminence       

 
PELVIS Male Male? Undetermined Female? Female Element n/a 

Pubic shape       
Subpubic angle       

Greater sciatic notch       
Preauricular sulcus       

 
Adult Age Assessment: 
 
Auricular Surface LEFT RIGHT 
Lovejoy et al. 1985   
Buckberry and Chamberlain, 2002   
Pubic Symphysis LEFT RIGHT 
Suchey –Brooks, 1990   
Meindl et al., 1985   
Sternal rib ends LEFT RIGHT 
Isçan et al. 1984, 1985   
Molar wear LEFT RIGHT 
Brothwell, 1981   
 

 
 
 
 
 
 

Collection: 

Skeleton number: 

Comments:  

COMMENTS: 
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Collection: _____________                                                              Skeleton Number:_______________ 
  

Temporomandibular 
Joint A/P EB CO MO Macro 

PO 
Micro 

PO JCC 
Min/
Mod/
Flor Comment  

Left Mandibular Fossa         

  
Left Mandibular 
Condyle         

Right Mandibular Fossa         

  
Right Mandibular 
Condyle         

 

Shoulder Joint 
 A/P

  
E
B 

C
O 

M
O 

Macr
o PO 

Micr
o PO 

JC
C 

OA/DJ
C 

Comment
  

Left 
Acromioclavicula
r 

Acromio
n Process                

  

Lateral 
Clavicle         

Left 
Glenohumeral 

Glenoid 
Fossa         
Head 

Humerus               

Right 
Acromioclavicula
r 

Acromio
n Process                

  

Lateral 
Clavicle         

Right 
Glenohumeral 

Glenoid 
Fossa         
Head 

Humerus               
 

Elbow Joint 
 

A/P  EB CO MO 
Macro 

PO 
Micro 

PO JCC OA/DJC Comment  

Left medial 
compartment 

Trochlea                

  

Olecranon 
Fossa         

Head ulna         

Left lateral 
compartment 

Capitulum         
Head 
radius               

Right medial 
compartment 

Trochlea                

  

Olecranon 
Fossa         

Head of 
Ulna         

Right lateral 
Compartment 

Capitulum         
Head 
radius               

 

Hip Joint 
A/P EB CO MO Macro 

PO 
Micr
o PO 

JC
C OA/DJC 

Comment  
Left acetabulum                

  Left head of femur               
Right acetabulum                

  Right head of femur                
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Knee Joint 
 

A/P  EB CO MO 
Macro 

PO 
Micro 

PO 
JC
C OA/DJC Comment  

Left Femur    
(Pat-Fem) 

Medial                

  
  

Lateral         
Left Femur    
(Tib-Fem) 

Medial                
Lateral         

Left Patella 
Medial         
Lateral               

Left Tibia 
Medial                
Lateral         

Right 
Femur   
(Pat-Fem) 

Medial         

 

Lateral 
              

Right 
Femur (Tib-
Fem) 

Medial                
Lateral 

        
Right 
Patella 

Medial         
Lateral               

Right Tibia 
Medial         
Lateral               

 

Wrist Joint A/P  EB CO MO 
Macro 

PO 
Micro 

PO JCC 
OA/ 
DJC Comment  

L Distal radius                   

L Distal ulna          

Left scaphoid                 
Left lunate          
Left triquetral          
Left pisiform          
Left trapezium          
Left trapezoid          
Left capitate          
Left hamate          

Wrist Joint A/P  EB CO MO 
Macro 

PO 
Micro 

PO JCC 
OA/ 
DJC Comment  

R Distal radius                   
R Distal ulna          
Right scaphoid                 
Right lunate          
Right triquetral          
Right pisiform          
Right 
trapezium          

Right trapezoid          
Right capitate          
Right hamate          
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Collection: _____________                                                               Skeleton Number:_______________ 
 
Hand 
Joint 

 
A/P  EB CO MO 

Macro 
PO 

Micro 
PO JCC OA/DJC Comment  

Left 
MC1 

Proximal 
               

   

Left 
MC2 

Proximal         

Left 
MC3 

Proximal 
               

Left 
MC4 

Proximal 
        

Left 
MC5 

Proximal 
        

Right 
MC1 

Proximal 
        

 

Right 
MC2 

Proximal 
        

Right 
MC3 

Proximal 
        

Right 
MC4 

Proximal 
        

Right 
MC5 

Proximal 
        

 

Ankle Joint A/P  EB CO MO 
Macro 

PO 
Micro 

PO JCC 
OA/
DJC Comment  

L Distal tibia                   

L Distal fibula          

Left talus                 
Left calcaneus          
Left navicular          
Left cuboid          
Left 1st cuneiform          
Left 2nd cuneiform          
Left 3rd cuneiform          

Ankle Joint A/P  EB CO MO 
Macro 

PO 
Micro 

PO JCC 
OA/ 
DJC Comment  

R Distal tibia                   
R Distal fibula          
Right talus                 
Right calcaneus          
Right navicular          
Right cuboid          
Right 1st 
cuneiform          

Right 2nd 
cuneiform          

Right 3rd 
cuneiform          
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Foot 
Joint 

 
A/P  EB CO MO 

Macro 
PO 

Micro 
PO JCC 

OA/ 
DJC Comment  

Left MT1 Proximal                

   

Left MT2 Proximal         
Left MT3 Proximal                
Left MT4 Proximal         
Left MT5 Proximal         
Foot 
Joint 

 
A/P  EB CO MO 

Macro 
PO 

Micro 
PO JCC 

OA: 
DJC Comment  

Right 
MT1 

Proximal 
        

 

Right 
MT2 

Proximal 
        

Right 
MT3 

Proximal 
        

Right 
MT4 

Proximal 
        

Right 
MT5 

Proximal 
        

 
Left Hand Phalanges A/P Prox/Dist/Both Degenerative change 

1A   
 1C   

2A   

 
2B   
2C   

3A   

 
3B   
3C   

4A   

 
4B   
4C   

5A   

 
5B   
5C   
Right Hand Phalanges A/P Prox/Dist/Both Degenerative change 
1A   

 1C   
2A   

 
2B   
2C   

3A   

 
3B   
3C   

4A   

 
4B   
4C   

5A   

 
5B   
5C   
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Left Foot Phalanges A/P Prox/Dist/Both Degenerative change 

1A   
 1C   

2A   

 
2B   
2C   

3A   

 
3B   
3C   

4A   

 
4B   
4C   

5A   

 
5B   
5C   
Right Foot Phalanges A/P Prox/Dist/Both Degenerative change 
1A   

 1C   
2A   

 
2B   
2C   

3A   

 
3B   
3C   

4A   

 
4B   
4C   

5A   

 
5B   
5C   
 

 
 

 
Key: 
A/P =   Absent or Present 
EB =   Eburnation (1. Barely discernible, 2. Polish only, 3. Polish with groove(s) 
CO =   Central Osteophyte (1. Less than 50% of joint surface, 2. More than 50% 
of joint surface) 
MO =   Marginal Osteophyte (1. Less than 50% of joint surfacet, 2. More than 50% 
of the joint surface) 
Macro PO= Larger holes in the joint surface (more than 1mm in cross section). 
Micro PO=  Microscopic porosity (1. Pinpoint, 2. Coalesced, 3. Pinpoint and 
Coalesced) 
JCC=   Joint Contour Change (1. Less than 50% of joint surface, 2. More than 50% 
of the joint surface) 
Severity=  1= less than 50% of Joint surface is affected, 2= more than 50% of the joint 
surface is affected  
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Working Diagnosis Rheumatoid Arthritis 
 
 

Case	  ID	   	  
SEX	   	  
AGE	   	  

Appearance:	  
Symmetrical	   ✔  ⁄ ✗ 	  
Erosive	  lesions	   ✔  ⁄ ✗ 	  
Non-‐proliferative	   ✔  ⁄ ✗ 	  
No	  Sacroilliac	  changes	   ✔  ⁄ ✗ 	  
Erosions	  in	  cervical	  vertebrae	   ✔  ⁄ ✗ 	  
Ankylosis	  in	  carpals/tarsals	   ✔  ⁄ ✗ 	  
Osteopaenia	   ✔  ⁄ ✗ 	  
Subluxation	  MCP	  joints	   ✔  ⁄ ✗ 	  

Location:	  
Carpals	   ✔  ⁄ ✗ 	  
MCP	   ✔  ⁄ ✗ 	  
PIP	  hands	   ✔  ⁄ ✗ 	  
Tarsals	   ✔  ⁄ ✗ 	  
MTP	   ✔  ⁄ ✗ 	  
PIP	  feet	   ✔  ⁄ ✗ 	  
Knee	   ✔  ⁄ ✗ 	  
Shoulder	   ✔  ⁄ ✗ 	  
Elbow	   ✔  ⁄ ✗ 	  
Cervical	  Spine	   ✔  ⁄ ✗ 	  
TMJ	   ✔  ⁄ ✗ 	  
Uncommon	  axial	  involvement	   ✔  ⁄ ✗ 	  

Uncertain	  diagnosis:	  
Spinal	  fusion	   YES	  /	  NO	  
Sacroilliac	  fusion	  or	  inflammation	   YES	  /	  NO	  
Fusion	  of	  carpals	  or	  tarsals	  WITH	  reactive	  bone	   YES	  /	  NO	  
Absence	  carpals,	  metacarpals	  or	  hand	  phalanges	   YES	  /	  NO	  
Extensive	  new	  bone	  formation	   YES	  /	  NO	  
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Appendix	  B. Preservation	  Levels	  Results	  
 

TMJ	  
Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   R	   L	   R	   L	   R	  

Absent 	  
	  	  

N	   41	   42	   19	   20	   18	   17	   20	   21	   28	   33	  
%	   42.3	   43.3	   17.9	   18.9	   26.5	   25.0	   13.5	   14.2	   23.3	   27.5	  

Present	  
	  	  

N	   56	   55	   87	   86	   50	   51	   128	   127	   92	   87	  
%	   57.7	   56.7	   82.1	   81.1	   73.5	   75.0	   86.5	   85.5	   76.7	   72.5	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.1	  Absence	  and	  presence	  of	  the	  temporomandibular	  joint	  within	  the	  different	  sites.	  (N=	  
Number	  of	  cases).	  
 

Acr	  Clav	  
Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   83	   73	   37	   40	   48	   47	   64	   70	   56	   56	  
%	   85.6	   75.3	   34.9	   37.7	   70.6	   69.1	   43.2	   47.3	   46.7	   46.7	  

Present	  
	  	  

N	   14	   24	   69	   66	   20	   21	   84	   78	   64	   64	  
%	   14.4	   24.7	   65.1	   62.3	   29.4	   30.9	   56.8	   52.7	   53.3	   53.3	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.2	  Absence	  and	  presence	  of	  the	  acromioclavicular	  joint	  within	  the	  different	  sites.	  	  
 

GlenHum	  
Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   55	   47	   14	   9	   24	   23	   23	   23	   34	   28	  
%	   56.7	   48.5	   13.2	   8.5	   35.3	   33.8	   15.5	   15.5	   28.3	   23.3	  

Present	  
	  	  

N	   42	   50	   92	   97	   44	   45	   125	   125	   86	   92	  
%	   43.3	   51.5	   86.8	   91.5	   64.7	   66.2	   84.5	   84.5	   71.7	   76.7	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.3	  Absence	  and	  presence	  of	  the	  glenohumeral	  joint	  within	  the	  different	  sites.	  	  
 

Medial	  
Elbow	  

Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   55	   48	   7	   6	   23	   21	   24	   21	   40	   31	  
%	   56.7	   49.5	   6.6	   5.7	   33.8	   30.9	   16.2	   14.2	   33.3	   25.8	  

Present	  
	  	  

N	   42	   49	   99	   100	   45	   47	   124	   127	   80	   89	  
%	   43.3	   50.5	   93.4	   94.3	   66.2	   69.1	   83.8	   85.8	   66.7	   74.2	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.4	  Absence	  and	  presence	  of	  the	  medial	  elbow	  compartment	  within	  the	  different	  sites.	  	  
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Lateral	  
Elbow	  

Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   67	   59	   14	   12	   30	   33	   42	   56	   43	   34	  
%	   69.1	   60.8	   13.2	   11.3	   44.1	   48.5	   28.4	   37.8	   35.8	   28.3	  

Present	  
	  	  

N	   30	   38	   92	   94	   38	   35	   106	   92	   77	   86	  
%	   30.9	   39.2	   86.8	   88.7	   55.9	   51.5	   71.6	   62.2	   64.2	   71.7	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.5	  Absence	  and	  presence	  of	  the	  lateral	  elbow	  compartment	  within	  the	  different	  sites.	  	  
 

Elbow	  
Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   54	   51	   7	   4	   20	   19	   38	   41	   47	   42	  
%	   55.7	   52.6	   6.6	   3.8	   29.4	   27.9	   25.7	   27.7	   39.2	   35.0	  

Present	  
	  	  

N	   43	   46	   99	   102	   48	   49	   110	   107	   73	   78	  
%	   44.3	   47.4	   93.4	   96.2	   70.6	   72.1	   74.3	   72.3	   60.8	   65.0	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.6	  Absence	  and	  presence	  of	  the	  complete	  elbow	  joint	  within	  the	  different	  sites.	  	  
 

Hip	  
Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   48	   39	   2	   1	   17	   18	   21	   18	   30	   31	  
%	   49.5	   40.2	   1.9	   0.9	   25.0	   26.5	   14.2	   12.2	   25.0	   25.8	  

Present	  
	  	  

N	   49	   58	   104	   105	   51	   50	   127	   130	   90	   89	  
%	   50.5	   59.8	   98.1	   99.1	   75.0	   73.5	   85.8	   87.8	   75.0	   74.2	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.7	  Absence	  and	  presence	  of	  the	  hip	  joint	  within	  the	  different	  sites.	  	  
 

Medial	  
Patellofemoral	  

Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent	  	  
	  	  

N	   62	   59	   7	   6	   33	   33	   31	   34	   38	   36	  
%	   63.9	   60.8	   6.6	   5.7	   48.5	   48.5	   20.9	   23.0	   31.7	   30.0	  

Present	  
	  	  

N	   35	   38	   99	   100	   35	   35	   117	   114	   82	   84	  
%	   36.1	   39.2	   93.4	   94.3	   51.5	   51.5	   79.1	   77.0	   68.3	   70.0	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.8	  Absence	  and	  presence	  of	  the	  medial	  patellofemoral	  compartment	  within	  the	  different	  sites.	  	  
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Lateral	  
Patellofemoral	  

Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   56	   57	   7	   7	   32	   31	   27	   33	   38	   35	  
%	   57.7	   58.8	   6.6	   6.6	   47.1	   45.6	   18.2	   22.3	   31.7	   29.2	  

Present	  
	  	  

N	   41	   40	   99	   99	   36	   37	   121	   115	   82	   85	  
%	   42.3	   41.2	   93.4	   93.4	   52.9	   54.4	   81.8	   77.7	   68.3	   70.8	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.9	  Absence	  and	  presence	  of	  the	  lateral	  patellofemoral	  compartment	  within	  the	  different	  sites.	  	  
 

Patellofemoral	  
Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   56	   56	   7	   5	   32	   30	   26	   31	   38	   33	  
%	   57.7	   57.7	   6.6	   4.7	   47.1	   44.1	   17.6	   20.9	   31.7	   27.5	  

Present	  
	  	  

N	   41	   41	   99	   101	   36	   38	   122	   117	   82	   87	  
%	   42.3	   42.3	   93.4	   95.3	   52.9	   55.9	   82.4	   79.1	   68.3	   72.5	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.10	  Absence	  and	  presence	  of	  the	  complete	  patellofemoral	  joint	  within	  the	  different	  sites.	  	  
 

Medial	  
Tibiofemoral	  

Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   58	   55	   6	   7	   33	   32	   37	   36	   35	   35	  
%	   59.8	   56.7	   5.7	   6.6	   48.5	   47.1	   25.0	   24.3	   29.2	   29.2	  

Present	  
	  	  

N	   39	   42	   100	   99	   35	   36	   111	   112	   85	   85	  
%	   40.2	   43.3	   94.3	   93.4	   51.5	   52.9	   75.0	   75.7	   70.8	   70.8	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.11	  Absence	  and	  presence	  of	  the	  medial	  tibiofemoral	  compartment	  within	  the	  different	  sites.	  	  
 

Lateral	  
Tibiofemoral	  

Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   54	   55	   8	   9	   34	   31	   37	   37	   35	   35	  
%	   55.7	   56.7	   7.5	   8.5	   50.0	   45.6	   25.0	   25.0	   29.2	   29.2	  

Present	  
	  	  

N	   43	   42	   98	   97	   34	   37	   111	   111	   85	   85	  
%	   44.3	   43.3	   92.5	   91.5	   50.0	   54.4	   75.0	   75.0	   70.8	   70.8	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.12	  Absence	  and	  presence	  of	  the	  lateral	  tibiofemoral	  compartment	  within	  the	  different	  sites.	  	  
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Tibiofemoral	  
Fewston	   BuH	   HD	   CL	   CS	  
L	   R	   L	   R	   L	   L	   R	   L	   R	   L	  

Absent 	  
	  	  

N	   54	   52	   5	   7	   31	   31	   35	   22	   34	   34	  
%	   55.7	   53.6	   4.7	   6.6	   45.6	   45.6	   23.6	   14.9	   28.3	   28.3	  

Present	  
	  	  

N	   43	   45	   101	   99	   37	   37	   113	   126	   86	   86	  
%	   44.3	   46.4	   95.3	   93.4	   54.4	   54.4	   76.4	   85.1	   71.7	   71.7	  

TOTAL	   97	   97	   106	   106	   68	   68	   148	   148	   120	   120	  
Table	  B.13	  Absence	  and	  presence	  of	  the	  complete	  tibiofemoral	  joint	  within	  the	  different	  sites.	  	  
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Appendix	  C. Total	  Sample	  Results	  

C.1. Temporomandibular	  Joint	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   107	   107	   215	   207	   323	   314	  
Minimal	   26	   27	   41	   44	   67	   71	  
Moderate	   9	   7	   8	   8	   17	   15	  
Florid	   1	   0	   6	   6	   7	   6	  
	  	  
Total	  present	   143	   141	   270	   265	   414	   406	  
Site	  specific	  TPR	  %	  Minimal	   18.2	   19.1	   15.2	   16.6	  

	  	  Site	  specific	  TPR	  %	  Moderate	   6.3	   5.0	   3.0	   3.0	  
Site	  specific	  TPR	  %	  Florid	   0.7	   0.0	   2.2	   2.3	  

	  	  
Total	  TPR	  %	  Minimal	   6.3	   6.7	   9.9	   10.8	   16.2	   17.5	  
Total	  TPR	  %	  Moderate	   2.2	   1.7	   1.9	   2.0	   4.1	   3.7	  
Total	  TPR	  %	  Florid	   0.2	   0.0	   1.4	   1.5%	   1.7	   1.5	  
 

	  
All	  Sites	  

Se
x	  

Left	   X	  
Right	   X	  
Unilateral/Bilateral	   X	  

	  

Ag
e	  

Left	   X	  
Right	   X	  
Unilateral/Bilateral	   X	  
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C.2. Acromioclavicular	  Joint	  

	  	   Rural	   Urban	   All	  Sites	  

	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   64	   70	   121	   121	   185	   191	  
DJC	   19	   19	   45	   39	   64	   58	  
OA	   0	   2	   2	   3	   2	   5	  

	  	  
Total	  present	   83	   91	   168	   163	   251	   254	  
Site	  specific	  TPR	  %	  DJC	   22.9	   20.9	   26.8	   23.9	  

	  Site	  specific	  TPR	  %	  OA	   0.0	   2.2	   1.2	   1.8	  

	  
Total	  TPR	  %	  DJC	   7.6	   7.5	   17.9	   15.4	   25.5	   22.8	  
Total	  TPR	  %	  OA	   0.0	   0.8	   0.8%	   1.2	   0.8	   2.0	  
 
 

	  

All	  sites	  
DJC	   OA	  

Se
x	  

Left	   X	   X	  
Right	   X	   X	  
Unilateral/Bilateral	   X	  

	  

Ag
e	  

Left	   14.718,	  p.002	  	  
(.229,	  p.004)	   X	  

Right	   19.267,	  p.000	  	  
(.256,	  p.001)	   X	  

Unilateral/Bilateral	   34.223,	  p.000	  	  
(.225,	  p.000)	  
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C.3. Glenohumeral	  Joint	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   119	   122	   216	   217	   335	   339	  
Rotator	  Cuff	   20	   26	   21	   33	   41	   59	  
DJC	   14	   25	   41	   44	   55	   69	  
OA	   1	   0	   0	   1	   1	   1	  
	  	  
Total	  present	   134	   147	   257	   262	   391	   409	  
Site	  specific	  TPR	  %	  RotCuff	   14.9	   17.7	   8.2	   12.6	  

	  Site	  specific	  TPR	  %	  DJC	   10.4	   17.0	   16.0	   16.8	  
Site	  specific	  TPR	  %	  OA	   0.7	   0.0	   0.0	   0.4	  

	  
Total	  TPR	  %	  Rot	  Cuff	   5.1	   6.4	   5.4	   8.1	   10.5	   14.4	  
Total	  TPR	  %	  DJC	   3.6	   6.1	   10.5	   10.8	   14.1	   16.9	  
Total	  TPR	  %	  OA	   0.3	   0.0	   0.0	   0.2	   0.3	   0.2	  
 

	  

All	  Sites	  
RotCuff	   DJC	   OA	  

Se
x	  

Left	   5.842,	  p.049	  
(.120,	  p.076)	   X	   X	  

Right	   X	   X	   X	  
Unilateral/Bilateral	   X	  

	   	   	   	   	  

Ag
e	  

Left	   7.660,	  p.050	  
(.141,	  p.049)	  

20.766,	  p.000	  
(.144,	  p.006)	   X	  

Right	   16.758,	  p.003	  
(.141,	  p.005)	  

31.336,	  p.000	  
(.177,	  p.000)	   X	  

Unilateral/Bilateral	   41.427,	  p.000	  
(.192,	  p.000)	  
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C.4. Medial	  Elbow	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   128	   130	   225	   236	   352	   366	  
DJC	   13	   19	   23	   25	   36	   44	  
OA	   0	   0	   1	   2	   1	   2	  
	  	  
Total	  present	   141	   149	   249	   263	   389	   412	  
Site	  specific	  TPR	  %	  DJC	   9.2	   12.8	   9.2	   9.5	  

	  Site	  specific	  TPR	  %	  OA	   0.0	   0.0	   0.4	   0.8	  

	  
Total	  TPR	  %	  DJC	   3.3	   4.6	   5.9	   6.1	   9.3	   10.7	  
Total	  TPR	  %	  OA	   0.0	   0.0	   0.3	   0.5	   0.3	   0.5	  
 
	  

	  

All	  Sites	  
DJC	   OA	  

Se
x	  

Left	   20.953,	  p.000	  
(.162,	  p.005)	   X	  

Right	   12.353,	  p.008	  
(.118,	  p.050)	   X	  

Unilateral/Bilateral	   21.921,	  p.000	  (.152,	  p.002)	  

	  

Ag
e	  

Left	   X	   X	  
Right	   X	   X	  
Unilateral/Bilateral	   X	  
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C.5. Lateral	  Elbow	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   112	   123	   209	   216	   321	   340	  
DJC	   3	   1	   6	   7	   9	   8	  
OA	   7	   7	   6	   7	   13	   14	  
	  	  
Total	  present	   122	   131	   221	   230	   343	   362	  
Site	  specific	  TPR	  %	  DJC	   2.5	   0.8	   2.7	   3.0	  

	  Site	  specific	  TPR	  %	  OA	   5.7	   5.3	   2.7	   3.0	  

	  
Total	  TPR	  %	  DJC	   0.9	   0.3	   1.7	   1.9	   2.6	   2.2	  
Total	  TPR	  %	  OA	   2.0	   1.9	   1.7	   1.9	   3.8	   3.9	  
 

	  

All	  Sites	  
DJC	   OA	  

Se
x	   Left	   X	   12.005,	  p.012	  	  

(.158,	  p.039)	  
Right	   X	   X	  
Unilateral/Bilateral	   X	  

	  

Ag
e	   Left	  

10.012,	  p.049	  	  
(.124,	  p.111)	   X	  

Right	   X	   X	  
Unilateral/Bilateral	   X	  
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C.6. Elbow	  Joint	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   127	   130	   229	   231	   356	   361	  
Unicompartmental	   7	   11	   17	   22	   24	   33	  
Bicompartmental	   8	   7	   10	   12	   18	   19	  
	  	  
Total	  present	   142	   148	   256	   265	   398	   413	  
Site	  specific	  TPR	  %	  
unicompartmental	   4.9	   7.4	   6.6	   8.3	  

	  Site	  specific	  TPR	  %	  
bicompartmental	   5.6	   4.7	   3.9	   4.5	  

	  
Total	  TPR	  %	  
unicompartmental	   1.8	   2.7	   4.3	   5.3	   6.0	   8.0	  

Total	  TPR	  %	  	  
bicompartmental	   2.0	   1.7	   2.5	   2.9	   4.5	   4.6	  

 

	  
All	  Sites	  

Sex	  
Left	   22.590,	  p.000	  (.164,	  p.002)	  
Right	   X	  

	  
Age	  

Left	   X	  
Right	   X	  
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C.7. Hip	  Joint	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   100	   116	   188	   190	   288	   307	  
DJC	   47	   43	   77	   76	   124	   119	  
OA	   6	   4	   3	   3	   9	   7	  
	  	  
Total	  present	   153	   163	   268	   269	   421	   433	  
Site	  specific	  TPR	  %	  DJC	   30.7	   26.4	   28.7	   28.3	  

	  Site	  specific	  TPR	  %	  OA	   3.9	   2.5	   1.1	   1.1	  

	  
Total	  TPR	  %	  DJC	   11.2	   9.9	   18.3	   17.6	   29.5	   27.5	  
Total	  TPR	  %	  OA	   1.4	   0.9	   0.7	   0.7	   2.1	   1.6	  
 

	  

All	  sites	  
DJC	   OA	  

Sex	  

Left	   10.162,	  p.005	  
(.155,	  p.007)	   X	  

Right	   X	   X	  

Unilateral/Bilateral	   10.670,	  p.027	  
(.107,	  p.030)	  

	   	   	   	  

Age	  

Left	   16.941,	  p.001	  
(.200,	  p.001)	   X	  

Right	   26.726,	  p.000	  
(.238,	  p.000)	   X	  

Unilateral/Bilateral	   42.02,	  p.000	  
(.206,	  p.000)	  
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C.8. Medial	  Patellofemoral	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   124	   128	   211	   208	   335	   337	  
DJC	   9	   9	   23	   20	   32	   29	  
OA	   1	   1	   1	   4	   2	   5	  
	  	  
Total	  present	   134	   138	   235	   232	   369	   371	  
Site	  specific	  TPR	  %	  DJC	   6,7	   6,5	   9,8	   8,6	  

	  Site	  specific	  TPR	  %	  OA	   0,7	   0,7	   0,4	   1,7	  

	  
Total	  TPR	  %	  DJC	   2,4	   2,4	   6,2	   5,4	   8,7	   7,8	  
Total	  TPR	  %	  OA	   0,3	   0,3	   0,3	   1,1	   0,5	   1,3	  
 
 

	  

All	  sites	  
DJC	   OA	  

Sex	  
Left	   X	   X	  
Right	   X	   X	  
Unilateral/Bilateral	   X	  

	  
	   	   	  

Age	  
Left	   X	   X	  
Right	   X	   X	  
Unilateral/Bilateral	   12.462,	  p.038	  (.125,	  p.045)	  
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C.9. Lateral	  Patellofemoral	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   129	   123	   213	   220	   342	   343	  
DJC	   6	   10	   24	   15	   30	   25	  
OA	   5	   6	   2	   4	   7	   10	  
	  	  
Total	  present	   140	   139	   239	   239	   379	   378	  
Site	  specific	  TPR	  %	  DJC	   4.3%	   7.2%	   10.0%	   6.3%	  

	  Site	  specific	  TPR	  %	  OA	   3.6%	   4.3%	   0.8%	   1.7%	  

	  
Total	  TPR	  %	  DJC	   1.6%	   2.6%	   6.3%	   4.0%	   7.9%	   6.6%	  
Total	  TPR	  %	  OA	   1.3%	   1.6%	   0.5%	   1.1%	   1.8%	   2.6%	  
 

	  
All	  sites	  

DJC	   OA	  

Sex	  
Left	   X	   6.871,	  p.033	  (.139,	  p.047)	  
Right	   X	   X	  
Unilateral/Bilateral	   X	  

	  
	   	   	  

Age	  
Left	   8.694,	  p.030	  (.150,	  p.035)	   X	  
Right	   X	   X	  
Unilateral/Bilateral	   16.236,	  p.009	  (.138	  p.013)	  
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C.10. Patellofemoral	  Joint	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   125	   123	   205	   210	   330	   333	  
Unilateral	   10	   12	   20	   21	   30	   33	  
Bilateral	   5	   7	   15	   11	   20	   18	  
	  	  
Total	  present	   140	   142	   240	   242	   380	   384	  
Site	  specific	  TPR	  %	  unicompartmental	   7.1	   8.5	   8.3	   8.7	  

	  Site	  specific	  TPR	  %	  bicompartmental	   3.6	   4.9	   6.3	   4.5	  

	  
Total	  TPR	  %	  unicompartmental	   2.6	   3.1	   5.3	   5.5	   7.9	   8.6	  
Total	  TPR	  %	  bicompartmental	   1.3	   1.8	   3.9	   2.9	   5.3	   4.7	  
 

	   	  
All	  Sites	  

Sex	  
Left	   X	  
Right	   X	  

	  
Age	  

Left	   X	  
Right	   13.725,	  p.025	  (.140,	  p.018)	  
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C.11. Medial	  Tibiofemoral	  	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   129	   132	   209	   207	   338	   339	  
DJC	   9	   8	   19	   26	   28	   34	  
OA	   1	   1	   3	   0	   4	   1	  
	  	  
Total	  present	   139	   141	   231	   233	   370	   374	  
Site	  specific	  TPR	  %	  DJC	   6.5	   5.7	   8.2	   11.2	  

	  Site	  specific	  TPR	  %	  OA	   0.7	   0.7	   1.3	   0.0	  

	  
Total	  TPR	  %	  DJC	   2.4	   2.1	   5.1	   7.0	   7.6	   9.1	  
Total	  TPR	  %	  OA	   0.3	   0.3	   0.8	   0.0	   1.1	   0.3	  
 

 
All sites 

DJC	   OA	  

Sex	  
Left	   X	   X	  
Right	   X	   X	  
Unilateral/Bilateral	   X	  

	  
	   	   	  

Age	  

Left	   9.823,	  p.016	  	  
(.150,	  p.039)	   X	  

Right	   11.778,	  p.030	  	  
(.118,	  p.078)	   X	  

Unilateral/Bilateral	   18.814,	  p.002	  (.147,	  p.007)	  
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C.12. Lateral	  Tibiofemoral	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   132	   129	   209	   207	   341	   336	  
DJC	   9	   10	   23	   25	   32	   35	  
OA	   0	   0	   0	   1	   0	   1	  
	  	  
Total	  present	   141	   139	   232	   233	   373	   372	  
Site	  specific	  TPR	  %	  DJC	   6.4	   7.2	   9.9	   10.7	  

	  Site	  specific	  TPR	  %	  OA	   0.0	   0.0	   0.0	   0.4	  

	  
Total	  TPR	  %	  DJC	   2.4	   2.7	   6.2	   6.7	   8.6	   9.4	  
Total	  TPR	  %	  OA	   0.0	   0.0	   0.0	   0.3	   0.0	   0.3	  
 

	  
All	  sites	  

DJC	   OA	  

Sex	  
Left	   X	   X	  
Right	   X	   X	  
Unilateral/Bilateral	   X	  

	  
	   	   	  

Age	  

Left	   10.986,	  p.010	  
(.152,	  p.033)	   X	  

Right	   14.129,	  p.010	  
(.131,	  p.028)	   X	  

Unilateral/Bilateral	   18.344,	  p.003	  (.144,	  p.008)	  
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C.13. Tibiofemoral	  Joint	  

	  	   Rural	   Urban	   All	  Sites	  
	  	   Left	   Right	   Left	   Right	   Left	   Right	  
No	  Change	   131	   131	   206	   217	   337	   348	  
Unicompartmental	   7	   7	   15	   12	   22	   19	  
Bicompartmental	   6	   12	   15	   20	   21	   33	  
	  	  
Total	  Present	   144	   150	   236	   249	   380	   400	  
Site	  specific	  TPR	  %	  unicompartmental	   4.9	   4.7	   6.4	   4.8	  

	  Site	  specific	  TPR	  %	  bicompartmental	   4.2	   8.0	   6.4	   8.0	  

	  
Total	  TPR	  %	  unicompartmental	   1.8	   1.8	   3.9	   5.0	   5.8	   4.8	  
Total	  TPR	  %	  bicompartmental	   1.6	   3.0	   3.9	   5.0	   5.5	   8.3	  
 

	  
All	  Sites	  

Sex	  
Left	   10.516,	  p.024	  (.113,	  p.049)	  
Right	   X	  

	  
Age	  

Left	   16.236,	  p.008	  (.139,	  p.023)	  
Right	   16.464,	  p.007	  (.140,	  p.016)	  

 

 
	  



 537 

 
	  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 538 

Appendix	  D. The	  Carpals,	  Hands,	  Tarsals	  and	  Feet	  

 

D.1. The	  Carpals	  

 

DJC	  

LEFT	   Dist	  
Rad	  

Dist
Ulna	   Scap	   Lun	   Triq	   Pisi	   Trap	  

1	  
Trap	  
2	   Cap	   Ham	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   1	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   1	   	   	   	   	   	   	   	   	  

COL	  
M	   3	   1	   2	   2	   1	   	   	   	   	   	  
F	   1	   	   	   2	   1	   	   	   	   	   	  

CS	  
M	   	   1	   	   	   1	   	   	   	   1	   	  
F	   1	   1	   1	   1	   	   	   	   	   	   	  

	  

RIGHT	   Dist	  
Rad	  

Dist
Ulna	   Scap	   Lun	   Triq	   Pisi	   Trap	  

1	  
Trap	  
2	   Cap	   Ham	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   1	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   1	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   1	   	   	   	   	   	   	   	  

COL	  
M	   	   1	   	   1	   1	   	   	   1	   	   	  
F	   	   	   	   1	   	   	   1	   	   	   	  

CS	  
M	   1	   1	   	   1	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

Table	  D.1	  Distribution	  of	  DJC	  in	  the	  carpal	  bones	  between	  the	  populations,	  divided	  according	  to	  sex	  
(abbreviations	  see	  list).	  
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Osteoarthritis	  

Left	   Dist	  
Rad	  

Dist	  
Ulna	   Scap	   Lun	   Triq	   Pisi	   Trap	   Trap	   Cap	   Ham	  

Fewston	  
M	   1	   1	   1	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   	   	   	   	   	   1	   	   	   	  
F	   	   	   3	   1	   3	   1	   3	   1	   1	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   1	   	   1	   	   	   	   	   	   	   	  

COL	  
M	   	   1	   2	   1	   2	   1	   	   1	   	   	  
F	   1	   	   1	   	   	   	   	   1	   	   	  

CS	  
M	   2	   2	   2	   	   	   	   2	   	   	   	  
F	   1	   	   1	   	   	   1	   	   	   	   	  

	  
Right	   Dist	  

Rad	  
Dist	  
Ulna	   Scap	   Lun	   Triq	   Pisi	   Trap	   Trap	   Cap	   Ham	  

Fewston	  
M	   2	   	   2	   1	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   2	   	   	   	   	   1	   1	   	   	  
F	   3	   2	   3	   	   	   1	   3	   	   1	   	  

HD	  
M	   	   	   	   	   	   	   1	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

COL	  
M	   1	   	   1	   	   	   2	   2	   	   	   	  
F	   	   	   	   	   1	   	   1	   	   	   	  

CS	  
M	   2	   3	   1	   	   	   	   1	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  Table	  D.2	  Distribution	  of	  osteoarthritis	  in	  the	  carpal	  bones	  between	  the	  populations,	  divided	  

according	  to	  sex.	  
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D.2. The	  Metacarpals	  (Proximal	  End)	  

 

Left	  Proximal	  
Metacarpals	  

DJC	   	   Osteoarthritis	  
1	   2	   3	   4	   5	   1	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   	   	   	   	   1	   	   	   	   	  
F	   3	   1	   	   	   1	   6	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   1	   	   	   	   	  

COL	  
M	   2	   	   	   	   	   3	   	   	   	   	  
F	   1	   	   	   	   	   	   	   	   	   	  

CS	  
M	   3	   	   	   	   	   2	   	   	   	   	  
F	   2	   	   	   	   	   	   	   	   	   	  Table	  D.3	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  proximal	  metacarpals,	  divided	  according	  to	  

sex.	  
 

Right	  Proximal	  
Metacarpals	  

DJC	   	   Osteoarthritis	  
1	   2	   3	   4	   5	   1	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   1	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   	   	   1	   1	   1	   	   	   	   	  
F	   3	   	   	   	   	   6	   	   	   	   	  

HD	  
M	   	   	   	   	   	   1	   	   	   	   	  
F	   	   	   	   	   	   1	   	   	   	   	  

COL	  
M	   3	   	   	   	   	   2	   	   	   	   	  
F	   1	   	   	   	   	   1	   	   	   	   	  

CS	  
M	   1	   1	   	   	   	   	   	   1	   	   	  
F	   1	   	   	   	   	   	   	   	   	   	  Table	  D.4	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  proximal	  metacarpals,	  divided	  according	  

to	  sex.	  
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D.3. The	  Metacarpophalangeal	  Joints	  

 

Left	  MCP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   3	   1	   	   	   	   	   	   	   	   	  
F	   2	   	   1	   	   	   	   	   	   	   	  

BuH	  
M	   3	   	   	   	   1	   	   	   1	   	   	  
F	   5	   1	   1	   	   	   	   1	   1	   1	   1	  

HD	  
M	   1	   	   	   	   	   	   	   	   	   	  
F	   2	   	   	   	   	   	   	   	   	   	  

COL	  
M	   6	   5	   4	   1	   1	   3	   	   1	   1	   1	  
F	   4	   	   2	   1	   	   1	   	   	   	   	  

CS	  
M	   8	   1	   2	   	   	   2	   	   	   	   	  
F	   8	   1	   2	   1	   	   	   	   	   	   	  Table	  D.5	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  metacarpophalangeal	  joints,	  divided	  

according	  to	  sex.	  

 

Right	  MCP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   2	   	   	   	   	   	   	   	   	   	  
F	   	   1	   1	   	   	   	   	   	   	   	  

BuH	  
M	   6	   1	   	   	   	   	   	   1	   	   	  
F	   4	   	   	   	   	   1	   4	   2	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   1	   	   	   	   	   	   	   	   	   	  

COL	  
M	   11	   	   3	   1	   1	   1	   4	   	   	   	  
F	   2	   1	   	   1	   	   1	   	   1	   	   	  

CS	  
M	   5	   4	   2	   2	   1	   3	   	   	   	   	  
F	   3	   3	   	   1	   	   	   1	   	   	   	  Table	  D.6	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  metacarpophalangeal	  joints,	  divided	  

according	  to	  sex.	  
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D.4. The	  Proximal	  Interphalangeal	  Joints	  (Hands)	  

 

Left	  PIP	  joints	  
DJC	   	   Osteoarthritis	  

2	   3	   4	   5	   2	   3	   4	   5	  

Fewston	  
M	   1	   1	   	   1	   	   	   	   	  
F	   	   1	   	   	   	   	   	   	  

BuH	  
M	   1	   	   1	   1	   	   1	   	   	  
F	   2	   1	   	   1	   2	   3	   1	   3	  

HD	  
M	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	  

COL	  
M	   4	   8	   5	   2	   1	   1	   1	   	  
F	   1	   2	   2	   2	   	   	   	   1	  

CS	  
M	   3	   2	   1	   2	   	   	   	   	  
F	   3	   2	   1	   1	   	   	   	   	  Table	  D.7	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  proximal	  interphalangeal	  joints,	  divided	  

according	  to	  sex.	  
 

Right	  PIP	  joints	  
DJC	   	   Osteoarthritis	  

2	   3	   4	   5	   2	   3	   4	   5	  

Fewston	  
M	   	   1	   	   	   	   	   	   	  
F	   	   1	   	   	   	   	   	   	  

BuH	  
M	   	   1	   	   	   1	   1	   1	   	  
F	   	   1	   	   	   3	   3	   2	   2	  

HD	  
M	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	  

COL	  
M	   4	   7	   2	   4	   	   	   	   	  
F	   2	   3	   4	   3	   	   	   	   	  

CS	  
M	   2	   5	   3	   4	   	   	   1	   	  
F	   3	   1	   3	   2	   	   	   	   	  Table	  D.8	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  proximal	  interphalangeal	  joints,	  divided	  

according	  to	  sex.	  
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D.5. The	  Distal	  Interphalangeal	  Joints	  (Hands)	  

 

Left	  DIP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   2	   	   1	   1	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   	   3	   	   	   1	   1	   	   1	   	  
F	   4	   1	   	   1	   1	   	   3	   2	   1	   1	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

COL	  
M	   5	   4	   9	   2	   2	   3	   	   1	   	   	  
F	   5	   2	   3	   5	   2	   2	   1	   	   	   	  

CS	  
M	   7	   	   2	   2	   1	   	   	   	   	   	  
F	   3	   1	   2	   	   1	   	   	   	   	   	  Table	  D.9	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  distal	  interphalangeal	  joints,	  divided	  

according	  to	  sex.	  
 

Right	  DIP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   1	   1	   1	   	   	   1	   	   	   	   	  
F	   1	   	   1	   	   	   	   	   	   	   	  

BuH	  
M	   	   1	   	   	   	   1	   1	   3	   2	   1	  
F	   	   1	   	   	   	   2	   	   1	   1	   1	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

COL	  
M	   6	   2	   4	   4	   3	   1	   1	   1	   	   	  
F	   2	   2	   3	   3	   3	   3	   	   1	   1	   2	  

CS	  
M	   3	   3	   5	   2	   2	   1	   	   1	   1	   	  
F	   2	   	   1	   1	   	   1	   	   	   	   	  Table	  D.10	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  distal	  interphalangeal	  joints,	  divided	  

according	  to	  sex.	  
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D.6. The	  Tarsals	  

 

DJC	  

Left	   Dist	  
Tib	  

Dist	  
Fib	   Tal	   Calc	   Nav	   Cub	   1st	  

Cun	  
2nd	  
Cun	  

3rd	  
Cun	  

Fewston	  
M	   1	   	   	   1	   	   	   	   	   	  
F	   1	   	   1	   	   	   	   	   	   	  

BuH	  
M	   	   1	   1	   	   	   	   1	   	   	  
F	   	   	   	   	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

COL	  
M	   	   1	   4	   4	   2	   3	   2	   	   2	  
F	   	   	   1	   1	   1	   2	   1	   1	   1	  

CS	  
M	   1	   1	   1	   	   2	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

	  
Right	   Dist	  

Tib	  
Dist	  
Fib	   Tal	   Calc	   Nav	   Cub	   1st	  

Cun	  
2nd	  
Cun	  

3rd	  
Cun	  

Fewston	  
M	   	   	   1	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   	   1	   1	   1	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

HD	  
M	   	   1	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

COL	  
M	   1	   	   2	   2	   2	   1	   2	   2	   3	  
F	   	   	   	   1	   2	   1	   	   	   1	  

CS	  
M	   	   	   	   	   	   	   1	   	   	  
F	   1	   	   	   	   	   	   	   	   	  Table	  D.11	  Distribution	  of	  DJC	  in	  the	  tarsal	  bones	  between	  the	  populations,	  divided	  according	  to	  sex.	  
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Osteoarthritis	  

Left	   Dist	  
Tib	  

Dist	  
Fib	   Tal	   Calc	   Nav	   Cub	   1st	  

Cun	  
2nd	  
Cun	  

3rd	  
Cun	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

COL	  
M	   1	   	   	   	   1	   	   	   	   	  
F	   	   	   	   	   1	   	   	   1	   1	  

CS	  
M	   	   	   	   	   	   	   	   	   	  
F	   1	   	   1	   	   	   	   	   	   	  

	  
Right	   Dist	  

Tib	  
Dist	  
Fib	   Tal	   Calc	   Nav	   Cub	   1st	  

Cun	  
2nd	  
Cun	  

3rd	  
Cun	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

COL	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  

CS	  
M	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	  Table	  D.12	  Distribution	  of	  osteoarthritis	  in	  the	  tarsal	  bones	  between	  the	  populations,	  divided	  

according	  to	  sex.	  
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D.7. The	  Metatarsals	  (Proximal	  End)	  

 

Left	  Proximal	  
Metatarsals	  

DJC	   	   Osteoarthritis	  
1	   2	   3	   4	   5	   1	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   	   	   	   1	   	   	   	   1	   	  
F	   	   	   	   	   	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   1	   	   	   	  

COL	  
M	   	   1	   2	   1	   	   1	   1	   2	   1	   	  
F	   	   	   	   	   	   	   	   	   1	   	  

CS	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  Table	  D.13	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  proximal	  metacarpals,	  divided	  according	  to	  

sex.	  
 

Right	  Proximal	  
Metatarsals	  

DJC	   	   Osteoarthritis	  
1	   2	   3	   4	   5	   1	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   1	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

COL	  
M	   	   	   	   1	   	   	   	   	   	   	  
F	   	   1	   	   	   	   1	   1	   1	   	   	  

CS	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  Table	  D.14	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  proximal	  metacarpals,	  divided	  according	  

to	  sex.	  
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D.8. The	  Metatarsophalangeal	  Joints	  

 

Left	  MTP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   2	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   2	   	   	   	   	   1	   	   	   	   	  
F	   3	   1	   	   	   	   1	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

COL	  
M	   10	   2	   2	   2	   	   2	   	   	   	   	  
F	   8	   2	   	   	   	   	   	   	   	   	  

CS	  
M	   3	   	   	   	   	   3	   	   	   	   	  
F	   7	   	   	   	   	   4	   	   	   	   	  Table	  D.15	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  metatarsophalangeal	  joints,	  divided	  

according	  to	  sex.	  
 

Right	  MTP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   1	   	   	   	   	   	   	   	   	   	  
F	   1	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   	   	   	   	   1	   	   	   	   	  
F	   	   	   	   	   	   1	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   1	   	   	   	   	   	   	   	   	   	  

COL	  
M	   13	   1	   	   	   	   3	   	   	   	   	  
F	   4	   	   	   	   	   2	   	   	   	   	  

CS	  
M	   4	   	   	   1	   	   2	   	   	   	   	  
F	   2	   	   	   	   	   4	   	   	   	   	  Table	  D.16	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  metatarsophalangeal	  joints,	  divided	  

according	  to	  sex.	  
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D.9. The	  Proximal	  Interphalangeal	  Joints	  (Foot)	  

 

Left	  PIP	  joints	  
DJC	   	   Osteoarthritis	  

2	   3	   4	   5	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	  

	  
COL	  

M	   3	   	   1	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  
CS	  

M	   	   	   1	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  Table	  D.17	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  proximal	  interphalangeal	  joints,	  divided	  
according	  to	  sex.	  
 

Right	  PIP	  joints	  
DJC	   	   Osteoarthritis	  

2	   3	   4	   5	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  

BuH	  
M	   	   	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	  

	  
COL	  

M	   	   1	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  
CS	  

M	   	   	   	   	   	   	   	   	  F	   	   	   	   	   	   	   	   	  Table	  D.18	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  proximal	  interphalangeal	  joints,	  divided	  
according	  to	  sex.	  
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D.10. The	  Distal	  Interphalangeal	  Joints	  (Foot)	  

 

Left	  DIP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   1	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   1	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   1	   	   	   	  

HD	  
M	   1	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

COL	  
M	   7	   	   	   	   	   1	   	   	   	   	  
F	   3	   	   	   	   	   	   	   	   	   	  

CS	  
M	   3	   	   	   1	   	   	   	   	   	   	  
F	   2	   	   	   	   	   	   	   	   	   	  Table	  D.19	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  left	  distal	  interphalangeal	  joints,	  divided	  

according	  to	  sex.	  
 

Right	  DIP	  joints	  
DJC	   	   Osteoarthritis	  

1	   2	   3	   4	   5	   	   1	   2	   3	   4	   5	  

Fewston	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

BuH	  
M	   2	   	   	   	   	   	   	   	   	   	  
F	   	   1	   1	   	   	   	   	   	   	   	  

HD	  
M	   	   	   	   	   	   	   	   	   	   	  
F	   	   	   	   	   	   	   	   	   	   	  

COL	  
M	   4	   	   	   	   	   1	   	   	   	   	  
F	   7	   1	   	   1	   	   	   	   	   	   	  

CS	  
M	   1	   1	   	   	   	   	   	   	   	   	  
F	   1	   1	   	   	   	   	   	   	   	   	  Table	  D.20	  Distribution	  of	  DJC	  and	  osteoarthritis	  in	  the	  right	  distal	  interphalangeal	  joints,	  divided	  

according	  to	  sex.	  
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Appendix	  E. Correlation	  Between	  Age	  and	  Sex	  in	  the	  

Separate	  Sites	  
 
 

E.1. Temporomandibular	  Joint	  
 
 

	  	  

Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  

Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	  

N	   0	   0	  	   0	   0	   0	   0	   0	   0	   0	   1	   0	   0	  

T	   2	   2	   7	   9	  

%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   11.1	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   	  3	   1	   0	   	  3	   0	   0	   2	   0	   0	   1	   1	   0	  	  

T	   11	   10	   11	   4	  

%	   27.3	   9.1	   	  	   30.0	   	  	   	  	   18.2	   	  	   	  	   25.0	   25.0	   	  	  

O
ld
	  A
du

lt	   N	   	  3	   0	  	   0	  	   3	   0	   0	   1	   0	   0	   1	   0	   0	  

T	   10	   10	   2	   4	  

%	   30.0	   	  	   	  	   30.0	   	  	   	  	   50	   	  	   	  	   25.0	   	  	   	  	  

 
 

	  	  

Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  

Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	   Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   2	   0	   1	   1	   0	   0	  

T	   2	   2	   8	   8	  

%	   	  	   	  	   	  	   	  	   	  	   	  	   25.0	   	  	   12.5	   12.5	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	  

N	   1	   0	   0	   0	   1	   0	   5	   3	   0	   5	   1	   0	  

T	   14	   14	   19	   17	  

%	   7.1	   	  	   	  	   	  	   50.0	   	  	   26,3	   15.8	   	  	   29.4	   5.9	   	  	  

O
ld
	  

Ad
ul
t	   N	   3	   1	   0	   4	  	   2	   0	  	   3	   2	   0	  	   5	  	   1	  	   0	  	  

T	   18	   18	   20	   20	  

%	   16.7	   5.6	   	  	   22.2	   11.1	   	  	   15.0	   10.0	   	  	   25.0	   5.0	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  

Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	  

H
an

gi
ng
	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   6	   5	   11	   12	  

%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   0	   1	   0	   0	   3	   0	   0	   3	   0	   0	  

T	   7	   6	   8	   10	  

%	   1.6	   	  	   	  	   16.7	   	  	   	  	   37.5	   	  	   	  	   30.0	   	  	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   0	   0	   0	   0	   1	  	   0	   0	   0	   0	   0	  

T	   6	   6	   2	   3	  

%	   16.7	   	  	   	  	   	  	   	  	   	  	   50.0	   	  	   	  	   	  	   	  	   	  	  

 

	  	  

Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  

Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   2	   0	   0	   2	   1	   0	   3	   0	   1	   3	   0	   1	  

T	   18	   19	   12	   12	  

%	   11.1	   	  	   	  	   10.5	   5.3	   	  	   25.0	   	  	   8.3	   25.0	   	  	   8.3	  

M
id
dl
e	  

Ad
ul
t	  

N	   	  3	   1	   1	   3	   0	   2	   2	   1	   2	   2	   0	   1	  

T	   17	   16	   19	   19	  

%	   17.6	   5.9	   5.9	   18.8	   	  	   12.5	   10.5	   5.3	   10.5	   10.5	   	  	   5.3	  

O
ld
	  A
du

lt	   N	   4	   2	   0	   6	   0	   0	   5	   1	   1	   5	   2	   1	  

T	   20	   20	   11	   13	  

%	   20.0	   10.0	   	  	   30.0	   	  	   	  	   45.5	   9.1	   9.1	   38.5	   15.4	   7.7	  

 

	  	  

Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  

Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	  

Co
ro
na

tio
n	  
St
re
et
	   Yo

un
g	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   2	   0	   0	   2	   1	   0	  

T	   4	   4	   12	   10	  

%	   	  	   	  	   	  	   	  	   	  	   	  	   16.7	   	  	   	  	   20.0	   10.0	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   	  3	   0	   0	   4	   0	   0	   0	   0	   0	   1	   0	   0	  

T	   15	   14	   15	   14	  

%	   20.0	   	  	   	  	   28.6	   	  	   	  	   	  	   	  	   	  	   7.1	   	  	   	  	  

O
ld
	  A
du

lt	   N	   	  2	   0	   0	   3	   0	   0	   2	   1	   0	   3	   1	   0	  

T	   14	   14	   17	   16	  

%	   14.3	   	  	   	  	   21.4	   	  	   	  	   11.8	   5.9	   	  	   18.8	   6.3	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  

Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	   Min	   Mod	   Flor	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	   N	   2	   0	   0	   2	   1	   0	   7	   0	   2	   7	   1	   1	  

t	   32	   30	   54	   56	  

T	   86	   86	   86	   86	  

%	   2.3	   	  	   	  	   2.3	   1.2	   	  	   8.1	   	  	   2.3	   8.1	   1.2	   1.2	  
M
id
dl
e	  
Ad

ul
t	   N	   11	   2	   1	   11	   1	   2	   12	   4	   2	   12	   2	   1	  

t	   66	   64	   58	   51	  

T	   124	   115	   124	   115	  

%	   8.9	   1.6	   0.8	   9.6	   0.9	   1.7	   9.7	   3.2	   1.6	   10.4	   1.7	   0.9	  

O
ld
	  A
du

lt	  

N	   13	   3	   0	   16	   2	   0	   12	   4	   1	   14	   4	   1	  
t	   68	   68	   52	   56	  

T	   120	   124	   120	   124	  

%	   10.8	   2.5	   	  	   12.9	   1.6	   	  	   10.0	   3.3	   0.8	   11.3	   3.2	   0.8	  
 
t = total skeletal elements available for analysis in either the males or the female group 
 
T = total skeletal elements available for analysis in male and female group combined 
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E.2. The	  Acromioclavicular	  Joint	  

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   1	   1	   3	   5	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   1	   0	   0	   0	   0	   0	  

T	   4	   7	   1	   2	  
%	   25.0	   	  	   14.3	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   0	   0	   1	   0	   0	   0	  
T	   3	   7	   1	   7	  
%	   33.3	   	  	   	  	   	  	   100	   	  	   	  	   	  	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   1	   0	   0	   0	  

T	   3	   3	   8	   6	  
%	   	  	   	  	   	  	   	  	   12.5	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   3	   0	   5	   1	   2	   0	   4	   1	  

T	   11	   12	   16	   13	  
%	   27.3	   	  	   41.7	   8.3	   12.5	   	  	   30.8	   7.7	  

O
ld
	  A
du

lt	   N	   4	   0	   3	   0	   4	   0	   4	   0	  
T	   12	   13	   13	   13	  
%	   33.3	   	  	   23.1	   	  	   30.8	   	  	   30.8	   	  	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   3	   5	   3	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   3	   5	   6	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   1	   0	   1	   0	   0	   0	  
T	   2	   4	   1	   1	  
%	   	  	   	  	   25.0	   	  	   100	   	  	   	  	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   2	   0	   2	   0	   1	   0	   0	   0	  

T	   14	   16	   8	   7	  
%	   14.3	   	  	   12.5	   	  	   12.5	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   6	   1	   5	   1	   5	   0	   4	   1	  

T	   13	   14	   16	   16	  
%	   46.2	   7.7	   35.7	   7.1	   31.3	   	  	   25.0	   6.3	  

O
ld
	  A
du

lt	   N	   7	   0	   7	   0	   2	   0	   3	   0	  
T	   15	   13	   10	   8	  
%	   46.7	   	  	   53.8	   	  	   20.0	   	  	   37.5	   	  	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   1	   6	   7	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   3	   0	   3	   0	   3	   0	   1	   0	  

T	   11	   11	   11	   10	  
%	   27.3	   	  	   27.3	   	  	   27.3	   	  	   10.0	   	  	  

O
ld
	  A
du

lt	   N	   6	   0	   7	   0	   4	   0	   3	   1	  
T	   13	   12	   14	   13	  
%	   46.2	   	  	   58.3	   	  	   28.6	   	  	   23.1	   7.7	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   2	   0	   2	   0	   2	   0	   0	   0	  
t	   22	   24	   30	   28	  

T	   52	   52	   52	   52	  
%	   3.8	   	   3.8	   	   	   3.8	   	   	  

M
id
dl
e	  
Ad

ul
t	   N	   13	   1	   14	   2	   10	   0	   9	   2	  

t	   41	   47	   49	   47	  

T	   90	   94	   90	   94	  
%	   14.4	   1.1	   14.9	   2.1	   11.1	   	   9.6	   2.1	  

O
ld
	  A
du

lt	  

N	   18	   0	   18	   0	   12	   0	   10	   1	  
t	   45	   49	   39	   42	  

T	   84	   91	   84	   91	  
%	   21.4	   	   19.8	   	   14.3	   	   11.0	   1.1	  
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E.3. Glenohumeral	  Joint	  

	  	  

Male	   Female	  
LEFT	   RIGHT	   LEFT	   RIGHT	  

Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	   Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	  
Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   2	   7	   8	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   1	   0	   0	   0	   0	   0	   0	  

T	   11	   10	   3	   5	  
%	   	  	   9.1	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   2	   3	   0	   0	   0	   1	  
T	   9	   10	   3	   4	  
%	   11.1	   	  	   20.0	   30.0	   	  	   	  	   	  	   25.0	  

 
 

	  	  

Male	   Female	  
LEFT	   RIGHT	   LEFT	   RIGHT	  

Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	   Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   1	   0	   1	   0	   1	   1	   1	   1	  

T	   3	   3	   8	   9	  
%	   33.3	   	  	   33.3	   	  	   12.5	   12.5	   11.1	   11.1	  

M
id
dl
e	  

Ad
ul
t	   N	   3	   4	   3	   4	   4	   2	   3	   2	  

T	   15	   16	   22	   22	  
%	   20.0	   26.7	   18.8	   25.0	   18.2	   9.1	   13.6	   9.1	  

O
ld
	  A
du

lt	   N	   4	   2	   7	   8	   2	   1	   6	   2	  
T	   16	   19	   21	   21	  
%	   25.0	   12.5	   36.8	   42.1	   9.5	   4.8	   28.6	   9.5	  

 
 

	  	  

Male	   Female	  
LEFT	   RIGHT	   LEFT	   RIGHT	  

Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	   Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   6	   5	   7	   9	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   2	   2	   2	  

T	   8	   7	   7	   10	  
%	   	  	   	  	   	  	   	  	   	  	   28.6	   20.0	   20.0	  

O
ld
	  A
du

lt	   N	   0	   1	   1	   2	   0	   0	   0	   0	  
T	   6	   6	   4	   3	  
%	   	  	   16.7	   16.7	   33.3	   	  	   	  	   	  	   	  	  
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Male	   Female	  
LEFT	   RIGHT	   LEFT	   RIGHT	  

Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	   Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   1	   0	   2	   0	   0	   0	   0	   0	  

T	   19	   19	   11	   11	  
%	   5.3	   	  	   10.5	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   2	   6	   2	   3	   2	   5	   4	   8	  

T	   17	   17	   21	   22	  
%	   11.8	   35.3	   11.8	   17.6	   9.5	   23.8	   18.2	   36.4	  

O
ld
	  A
du

lt	   N	   2	   5	   4	   4	   2	   4	   2	   4	  
T	   20	   20	   12	   12	  
%	   10.0	   25.0	   20.0	   20.0	   16.7	   33.3	   16.7	   33.3	  

 

	  	  

Male	   Female	  
LEFT	   RIGHT	   LEFT	   RIGHT	  

Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	   Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   3	   3	   10	   11	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   2	   4	   2	   2	   0	   0	   1	   1	  

T	   15	   15	   14	   15	  
%	   13.3	   26.7	   13.3	   13.3	   	  	   	  	   6.7	   6.7	  

O
ld
	  A
du

lt	   N	   5	   5	   5	   4	   3	   3	   2	   5	  
T	   16	   15	   14	   16	  
%	   31.3	   31.3	   33.3	   26.7	   21.4	   14.3	   12.5	   31.3	  

 

	  	  

Male	   Female	  
LEFT	   RIGHT	   LEFT	   RIGHT	  

Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	   Rot	  
Cuff	   DJC	   Rot	  

Cuff	   DJC	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   2	   0	   3	   0	   1	   1	   1	   1	  
t	   33	   32	   43	   48	  

T	   76	   80	   76	   80	  
%	   2.6	   	   3.7	   	   1.3	   1.3	   1.2	   1.2	  

M
id
dl
e	  
Ad

ul
t	   N	   7	   15	   7	   9	   6	   9	   10	   13	  

t	   66	   65	   67	   74	  

T	   133	   139	   133	   139	  
%	   5.3	   11.3	   5.0	   6.5	   4.5	   6.8	   7.2	   9.3	  

O
ld
	  A
du

lt	  

N	   12	   13	   19	   21	   7	   8	   10	   12	  
t	   67	   70	   54	   56	  

T	   121	   126	   121	   126	  
%	   9.9	   10.7	   15.1	   16.7	   5.8	   6.6	   7.9	   9.5	  
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E.4. Medial	  Elbow	  Joint	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   2	   6	   6	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   2	   0	   0	   0	   0	   0	   0	   0	  

T	   9	   10	   3	   5	  
%	   22.2	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   2	   0	   0	   0	   1	   0	  
T	   9	   9	   3	   4	  
%	   11.1	   	  	   22.2	   	  	   	  	   	  	   25.0	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   1	   0	   1	   0	   1	   0	   0	   0	  

T	   3	   3	   11	   10	  
%	   33.3	   	  	   33.3	   	  	   9.1	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   3	   0	   2	   0	   1	   0	  

T	   15	   16	   23	   22	  
%	   6.7	   	  	   18.8	   	  	   8.7	   	  	   4.5	   	  	  

O
ld
	  A
du

lt	   N	   2	   0	   4	   0	   2	   0	   2	   0	  
T	   19	   19	   21	   22	  
%	   10.5	   	  	   21.1	   	  	   9.5	   	  	   9.1	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   1	   0	   0	   0	   0	   0	  

T	   5	   5	   8	   8	  
%	   	  	   	  	   20.0	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   1	   0	   0	   0	   1	   0	  

T	   7	   9	   11	   11	  
%	   14.3	   	  	   11.1	   	  	   	  	   	  	   9.1	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   0	   0	   0	   0	   0	   0	  
T	   6	   7	   3	   3	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   1	   0	   3	   1	   0	   0	   1	   0	  

T	   19	   20	   11	   13	  
%	   5.3	   	  	   15.0	   5.0	   	  	   	  	   4.3	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   3	   0	   1	   0	   1	   0	   2	   0	  

T	   18	   16	   21	   21	  
%	   16.7	   	  	   6.3	   	  	   4.8	   	  	   9.5	   	  	  

O
ld
	  A
du

lt	   N	   6	   0	   5	   0	   1	   0	   1	   1	  
T	   21	   21	   13	   12	  
%	   28.6	   	  	   23.8	   	  	   7.7	   	  	   8.3	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   1	   0	   0	   0	   0	   0	  

T	   2	   3	   10	   10	  
%	   	  	   	  	   33.3	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   2	   1	   2	   0	   0	   0	   1	   0	  

T	   14	   15	   12	   14	  
%	   14.3	   7.1	   13.3	   	  	   	  	   	  	   7.1	   	  	  

O
ld
	  A
du

lt	   N	   4	   0	   4	   0	   0	   0	   1	   0	  
T	   16	   17	   15	   16	  
%	   25.0	   	  	   23.5	   	  	   	  	   	  	   6.3	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   2	   0	   6	   1	   1	   0	   1	   0	  
t	   31	   33	   46	   47	  

T	   77	   80	   77	   80	  
%	   2.8	   	   7.5	   1.2	   1.3	   	   1.2	   	  

M
id
dl
e	  
Ad

ul
t	   N	   9	   1	   7	   0	   3	   0	   5	   0	  

t	   63	   66	   70	   73	  

T	   133	   139	   133	   139	  
%	   6.8	   0.7	   5.0	   	   2.3	   	   3.6	   	  

O
ld
	  A
du

lt	   N	   13	   0	   15	   0	   3	   0	   5	   1	  
t	   71	   73	   55	   57	  

T	   126	   130	   126	   130	  
%	   10.3	   	   11.5	   	   2.4	   	   3.8	   0.8	  
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E.5. Lateral	  Elbow	  Joint	  

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   1	   2	   5	   6	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   6	   7	   4	   5	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   0	   2	   0	   0	   0	   0	  
T	   7	   8	   3	   4	  
%	   	  	   	  	   	  	   25.0	   	  	   	  	   	  	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   0	   1	   0	   1	   0	   1	   0	   0	  

T	   3	   3	   11	   11	  
%	   	  	   33.3	   	  	   33.3	   	  	   9.1	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   1	   0	   1	   1	   0	   1	  

T	   13	   16	   21	   20	  
%	   	  	   	  	   6.3	   	  	   4.8	   4.8	   	  	   5.0	  

O
ld
	  A
du

lt	   N	   1	   1	   0	   2	   0	   2	   0	   0	  
T	   16	   16	   21	   22	  
%	   6.3	   6.3	   	  	   12.5	   	  	   9.5	   	  	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   4	   5	   5	   6	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   1	  

T	   9	   6	   9	   6	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   16.7	  

O
ld
	  A
du

lt	   N	   0	   0	   0	   0	   0	   0	   0	   0	  
T	   4	   5	   4	   2	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   1	   1	   0	   0	   0	   1	  

T	   18	   20	   9	   10	  
%	   	  	   	  	   5.0	   5.0	   	  	   	  	   	  	   10.0	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   1	   0	   0	   0	   1	   1	  

T	   16	   15	   20	   20	  
%	   	  	   	  	   6.7	   	  	   	  	   	  	   5.0	   5.0	  

O
ld
	  A
du

lt	   N	   2	   1	   2	   0	   1	   0	   0	   2	  
T	   18	   19	   10	   10	  
%	   11.1	   5.6	   10.5	   	  	   10.0	   	  	   	  	   20.0	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   3	   10	   9	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   1	   1	   0	   0	   0	   0	   0	  

T	   14	   15	   12	   13	  
%	   	  	   7.1	   6.7	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   2	   1	   0	   1	   1	   0	   0	   0	  
T	   15	   17	   15	   16	  
%	   13.3	   6.7	   	  	   5.9	   6.7	   	  	   	  	   	  	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   0	   1	   1	   2	   0	   1	   0	   1	  
t	   28	   33	   40	   42	  

T	   68	   75	   68	   75	  
%	   	   1.5	   1.3	   2.7	   	   1.5	   	   1.3	  

M
id
dl
e	  
Ad

ul
t	   N	   0	   1	   3	   0	   1	   1	   1	   3	  

t	   58	   59	   66	   64	  

T	   124	   123	   124	   123	  
%	   	   0.8	   2.4	   	   0.8	   0.8	   0.8	   2.4	  

O
ld
	  A
du

lt	  

N	   5	   3	   2	   5	   2	   2	   0	   2	  
t	   60	   65	   53	   54	  

T	   113	   119	   113	   119	  
%	   4.4	   2.6	   1.7	   4.2	   1.8	   1.8	   	   1.7	  
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E.6. Hip	  Joint	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   1	   0	   0	   0	  

T	   2	   2	   7	   8	  
%	   	  	   	  	   	  	   	  	   14.3	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   1	   2	   0	   1	   0	   0	   0	  

T	   8	   11	   6	   6	  
%	   12.5	   12.5	   18.2	   	  	   16.7	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   4	   3	   4	   1	   1	   0	   2	   0	  
T	   9	   9	   5	   5	  
%	   44.4	   33.3	   44.4	   11.1	   20.0	   	  	   40.0	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   2	   0	   1	   0	   3	   0	   0	   1	  

T	   3	   3	   11	   11	  
%	   66.6	   	  	   33.3	   	  	   27.3	   	  	   	  	   9.1	  

M
id
dl
e	  

Ad
ul
t	   N	   8	   0	   6	   0	   5	   1	   6	   1	  

T	   17	   17	   24	   24	  
%	   47.1	   	  	   35.3	   	  	   20.8	   4.2	   25.0	   4.2	  

O
ld
	  A
du

lt	   N	   10	   0	   7	   0	   4	   1	   8	   1	  
T	   19	   21	   22	   22	  
%	   52.6	   	  	   33.3	   	  	   18.2	   4.5	   36.4	   4.5	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   5	   5	   7	   8	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   2	   0	   1	   0	   4	   0	  

T	   9	   9	   14	   14	  
%	   11.1	   	  	   22.2	   	  	   7.1	   	  	   28.6	   	  	  

O
ld
	  A
du

lt	   N	   2	   0	   2	   0	   1	   0	   2	   0	  
T	   6	   6	   3	   4	  
%	   33.3	   	  	   33.3	   	  	   33.3	   	  	   50.0	   	  	  

 
 
 
 
 



 562 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   3	   0	   2	   0	   2	   0	   3	   0	  

T	   19	   20	   12	   13	  
%	   15.8	   	  	   10.0	   	  	   16.7	   	  	   23.1	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   10	   1	   7	   0	   7	   0	   7	   0	  

T	   16	   17	   21	   21	  
%	   62.5	   6.3	   41.2	   	  	   33.3	   	  	   33.3	   	  	  

O
ld
	  A
du

lt	   N	   9	   0	   10	   0	   6	   0	   7	   1	  
T	   20	   21	   13	   14	  
%	   45.0	   	  	   47.6	   	  	   46.2	   	  	   50.0	   7.1	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	   Yo
un

g	  
Ad

ul
t	   N	   1	   0	   1	   0	   0	   0	   0	   0	  

T	   2	   3	   9	   8	  
%	   50.0	   	  	   33.3	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   6	   0	   5	   0	   2	   0	   3	   0	  

T	   14	   15	   14	   15	  
%	   42.9	   	  	   33.3	   	  	   14.3	   	  	   20.0	   	  	  

O
ld
	  A
du

lt	   N	   8	   1	   6	   1	   8	   0	   7	   0	  
T	   17	   18	   17	   18	  
%	   47.1	   5.9	   33.3	   5.6	   47.1	   	  	   38.9	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   6	   0	   4	   0	   6	   0	   3	   1	  
t	   31	   33	   46	   48	  

T	   77	   81	   77	   81	  
%	   7.8	   	   4.9	   	   7.8	   	   3.7	   1.2	  

M
id
dl
e	  
Ad

ul
t	   N	   26	   2	   22	   0	   16	   1	   20	   1	  

t	   64	   69	   79	   80	  

T	   143	   149	   143	   149	  
%	   18.2	   1.4	   14.8	   	   11.2	   0.7	   13.4	   0.7	  

O
ld
	  A
du

lt	  

N	   33	   4	   29	   2	   20	   1	   26	   2	  
t	   71	   75	   60	   63	  

T	   131	   138	   131	   138	  
%	   25.2	   3.1	   21.0	   1.5	   15.3	   0.8	   18.8	   1.5	  
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E.7. Medial	  Patellofemoral	  Joint	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   2	   5	   5	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   0	   0	   0	   0	   0	   0	  

T	   8	   9	   3	   3	  
%	   12.5	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   1	   0	   0	   0	   0	   0	  
T	   6	   8	   3	   4	  
%	   	  	   	  	   12.5	   	  	   	  	   	  	   	  	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   1	   0	   1	   0	   1	   0	  

T	   3	   3	   10	   10	  
%	   	  	   	  	   33.3	   	  	   10.0	   	  	   10.0	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   0	   0	   2	   0	   1	   0	  

T	   15	   16	   23	   23	  
%	   6.7	   	  	   	  	   	  	   8.7	   	  	   4.3	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   2	   0	   2	   1	   2	   1	  
T	   20	   20	   20	   21	  
%	   5.0	   	  	   10.0	   	  	   10.0	   5.0	   9.5	   4.8	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   3	   3	   4	   5	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   1	   0	   0	   0	   0	   0	  

T	   7	   6	   6	   8	  
%	   	  	   	  	   16.7	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   1	   0	   0	   0	   0	   0	  
T	   7	   6	   3	   3	  
%	   	  	   	  	   16.7	   	  	   	  	   	  	   	  	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   17	   18	   11	   10	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   5	   0	   1	   0	   4	   0	   5	   0	  

T	   16	   15	   19	   20	  
%	   31.3	   	  	   6.7	   	  	   21.1	   	  	   25.0	   	  	  

O
ld
	  A
du

lt	   N	   2	   0	   0	   0	   2	   0	   4	   0	  
T	   17	   17	   13	   14	  
%	   11.8	   	  	   	  	   	  	   15.4	   	  	   28.6	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	   Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   3	   9	   7	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   1	   1	   1	   0	   2	   0	  

T	   12	   14	   13	   13	  
%	   8.3	   	  	   7.1	   7.1	   7.7	   	  	   15.4	   	  	  

O
ld
	  A
du

lt	   N	   3	   0	   1	   1	   1	   1	   2	   2	  
T	   15	   17	   17	   17	  
%	   20.0	   	  	   5.9	   5.9	   5.9	   5.9	   11.8	   11.8	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   0	   0	   1	   0	   1	   0	   1	   0	  
t	   27	   29	   39	   37	  

T	   66	   66	   66	   66	  
%	   	   	   1.5	   	   1.5	   	   1.5	   	  

M
id
dl
e	  
Ad

ul
t	   N	   8	   0	   3	   1	   7	   0	   8	   0	  

t	   58	   60	   64	   67	  

T	   122	   127	   122	   127	  
%	   6.6	   	   2.4	   0.8	   5.7	   	   6.3	   	  

O
ld
	  A
du

lt	  

N	   6	   0	   5	   1	   5	   2	   8	   3	  
t	   65	   68	   56	   59	  

T	   121	   127	   121	   127	  
%	   4.9	   	   3.9	   0.8	   4.1	   1.6	   6.3	   2.4	  
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E.8. Lateral	  Patellofemoral	  Joint	  

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   1	   0	  

T	   2	   2	   6	   5	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   20.0	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   1	   0	   0	   0	   0	   0	  

T	   9	   8	   3	   4	  
%	   11.1	   	  	   12.5	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   1	   0	   0	   0	   0	   0	  
T	   7	   8	   3	   4	  
%	   	  	   	  	   12.5	   	  	   	  	   	  	   	  	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   3	   3	   10	   10	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   1	   0	   0	   3	   0	   4	  

T	   15	   15	   23	   24	  
%	   	  	   	  	   6.7	   	  	   	  	   13.0	   	  	   16.7	  

O
ld
	  A
du

lt	   N	   1	   0	   3	   1	   1	   2	   2	   1	  
T	   20	   20	   20	   20	  
%	   5.0	   	  	   15.0	   5.0	   5.0	   10.0	   10.0	   5.0	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   3	   3	   4	   5	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   7	   7	   7	   8	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   0	   0	   0	   0	   1	   0	  
T	   7	   6	   3	   4	  
%	   14.3	   	  	   	  	   	  	   	  	   	  	   25.0	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   1	   0	   1	   0	  

T	   18	   18	   11	   10	  
%	   	  	   	  	   	  	   	  	   9.1	   	  	   10.0	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   4	   0	   2	   0	   3	   1	   4	   1	  

T	   16	   14	   19	   19	  
%	   25.0	   	  	   14.3	   	  	   15.8	   5.3	   21.1	   5.3	  

O
ld
	  A
du

lt	   N	   1	   0	   0	   0	   1	   0	   1	   1	  
T	   19	   17	   12	   13	  
%	   5.3	   	  	   	  	   	  	   8.3	   	  	   7.7	   7.7	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   3	   9	   7	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   1	   0	   0	   0	  

T	   12	   14	   13	   14	  
%	   	  	   	  	   	  	   	  	   7.7	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   3	   0	   1	   1	   2	   1	   2	   1	  
T	   15	   17	   17	   18	  
%	   20.0	   	  	   5.9	   5.9	   11.8	   5.9	   11.1	   5.6	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   0	   0	   0	   0	   1	   0	   2	   0	  
t	   28	   29	   40	   37	  

T	   57	   66	   57	   66	  
%	   	   	   	   	   1.7	   	   3.0	   	  

M
id
dl
e	  
Ad

ul
t	   N	   5	   0	   4	   0	   4	   4	   4	   5	  

t	   59	   58	   65	   69	  

T	   124	   127	   124	   127	  
%	   4.0	   	   3.1	   	   3.2	   3.2	   3.2	   3.9	  

O
ld
	  A
du

lt	  

N	   6	   0	   5	   2	   4	   3	   6	   3	  
t	   68	   68	   55	   59	  

T	   123	   127	   123	   127	  
%	   4.9	   	   3.9	   1.6	   7.3	   2.4	   4.7	   2.4	  
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E.9. Medial	  Tibiofemoral	  Joint	  

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   2	   5	   6	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   8	   10	   2	   4	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   0	   0	   0	   0	   0	   0	  
T	   7	   8	   4	   4	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   1	   0	  

T	   3	   3	   10	   11	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   9.1	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   1	   0	   1	   0	   1	   1	   2	   0	  

T	   16	   16	   23	   23	  
%	   6.3	   	  	   6.3	   	  	   4.3	   4.3	   8.7	   	  	  

O
ld
	  A
du

lt	   N	   2	   0	   2	   1	   4	   0	   2	   0	  
T	   20	   20	   20	   19	  
%	   10.0	   	  	   10.0	   5.0	   20.0	   	  	   10.5	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   3	   3	   3	   4	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   1	   0	   0	   0	  

T	   5	   6	   10	   8	  
%	   	  	   	  	   	  	   	  	   10.0	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   1	   0	   0	   0	   0	   0	  
T	   6	   6	   3	   4	  
%	   	  	   	  	   16.7	   	  	   	  	   	  	   	  	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   17	   19	   10	   10	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   3	   1	   4	   0	   4	   1	   3	   0	  

T	   16	   15	   19	   17	  
%	   18.8	   6.3	   26.7	   	  	   21.1	   5.3	   17.6	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   1	   0	   1	   0	   1	   0	  
T	   17	   17	   11	   11	  
%	   5.9	   	  	   5.9	   	  	   9.1	   	  	   9.1	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   3	   9	   8	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   2	   0	   1	   0	   2	   0	  

T	   13	   14	   14	   14	  
%	   	  	   	  	   14.3	   	  	   7.1	   	  	   14.3	   	  	  

O
ld
	  A
du

lt	   N	   2	   0	   4	   0	   3	   1	   5	   0	  
T	   16	   16	   17	   17	  
%	   12.5	   	  	   25.0	   	  	   17.6	   5.9	   29.4	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   0	   0	   0	   0	   0	   0	   1	   0	  
t	   27	   30	   37	   39	  

T	   64	   69	   64	   69	  
%	   	   	   	   	   	   	   1.4	   	  

M
id
dl
e	  
Ad

ul
t	   N	   4	   1	   7	   0	   7	   2	   7	   0	  

t	   58	   61	   68	   66	  

T	   126	   127	   126	   127	  
%	   3.2	   0.8	   5.5	   	   5.5	   1.6	   5.5	   	  

O
ld
	  A
du

lt	  

N	   5	   0	   8	   1	   8	   1	   8	   0	  
t	   66	   67	   55	   55	  

T	   121	   122	   121	   122	  
%	   4.1	   	   6.5	   0.8	   6.6	   0.8	   6.6	   	  
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E.10. Lateral	  Tibiofemoral	  Joint	  

 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Fe
w
st
on

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   2	   5	   6	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   10	   9	   3	   4	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   0	   0	   0	   0	   0	   0	  
T	   7	   8	   4	   3	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Ba
rt
on

-‐u
po

n-‐
H
um

be
r	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   3	   3	   10	   11	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   2	   0	   2	   0	   2	   0	   3	   0	  

T	   16	   16	   22	   22	  
%	   12.5	   	  	   12.5	   	  	   9.1	   	  	   13.6	   	  	  

O
ld
	  A
du

lt	   N	   1	   0	   3	   0	   3	   0	   1	   0	  
T	   20	   20	   20	   19	  
%	   5.0	   	  	   15.0	   	  	   15.0	   	  	   5.3	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

H
an

gi
ng

	  D
itc
h	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   3	   3	   3	   4	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   7	   7	   9	   8	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

O
ld
	  A
du

lt	   N	   0	   0	   0	   0	   0	   0	   1	   0	  
T	   5	   6	   3	   4	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   25.0	   	  	  
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Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ac
h	  
La
ne

	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   1	   0	  

T	   18	   19	   10	   10	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   10.0	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   4	   0	   3	   0	   3	   0	   3	   1	  

T	   12	   15	   19	   18	  
%	   33.3	   	  	   20.0	   	  	   15.8	   	  	   16.7	   5.6	  

O
ld
	  A
du

lt	   N	   1	   0	   2	   0	   3	   0	   2	   0	  
T	   17	   15	   11	   13	  
%	   5.9	   	  	   13.3	   	  	   27.3	   	  	   15.4	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

Co
ro
na

tio
n	  
St
re
et
	  

Yo
un

g	  
Ad

ul
t	   N	   0	   0	   0	   0	   0	   0	   0	   0	  

T	   2	   3	   9	   8	  
%	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

M
id
dl
e	  

Ad
ul
t	   N	   0	   0	   2	   0	   2	   0	   2	   0	  

T	   13	   14	   14	   14	  
%	   	  	   	  	   14.3	   	  	   14.3	   	  	   14.3	   	  	  

O
ld
	  A
du

lt	   N	   3	   0	   4	   0	   3	   0	   3	   0	  
T	   16	   16	   16	   17	  
%	   18.8	   	  	   25.0	   	  	   18.8	   	  	   17.6	   	  	  

 
 

	  	  
Male	   Female	  

LEFT	   RIGHT	   LEFT	   RIGHT	  
DJC	   OA	   DJC	   OA	   DJC	   OA	   DJC	   OA	  

To
ta
l	  

Yo
un

g	  
Ad

ul
t	  

N	   0	   0	   0	   0	   0	   0	   1	   0	  
t	   25	   27	   27	   28	  

T	   52	   55	   52	   55	  
%	   	   	   	   	   	   	   1.8	   	  

M
id
dl
e	  
Ad

ul
t	   N	   6	   0	   7	   0	   7	   0	   8	   1	  

t	   42	   45	   45	   44	  

T	   87	   89	   87	   89	  
%	   6.9	   	   7.9	   	   8.0	   	   9.0	   1.1	  

O
ld
	  A
du

lt	  

N	   5	   0	   9	   0	   9	   0	   7	   0	  
t	   45	   45	   34	   37	  

T	   79	   82	   79	   82	  
%	   6.3	   	   11.0	   	   11.4	   	   8.5	   	  
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Appendix	  F. Anatomical	  Distribution	  of	  Pathological	  

Lesions	  
 

 

 

 

	  

St	  Martin's,	  
Birmingham	  

Wharram	  Percy,	  
North	  Yorkshire	  

Clavicle	  
L	   5.5	   15.7	  
R	   5.2	   23.0	  

Scapula	  
L	   3.3	   1.3	  
R	   4.1	   3.1	  

Humerus	  
Proximal	  

L	   0.4	   0.9	  

R	   0.7	   2.3	  

Humerus	  
Distal	  

L	   1.8	   1.3	  

R	   1.8	   3.9	  

Ulna	  
L	   1.4	   3.6	  

R	   0,0	   4.5	  

Radius	  
L	   0.7	   2.0	  

R	   1.8	   3.0	  

Innominate	  
L	   3.4	   14.5	  
R	   4.1	   16.5	  

Femur	  
proximal	  

L	   1.7	   6.9	  
R	   2.7	   10.5	  

Femur	  Distal	  
L	   4.0	   1.8	  

R	   5.2	   2.8	  

Patella	  
L	   2.9	   2.5	  

R	   2.9	   5.0	  

Tibia	  
L	   1.4	   2.3	  

R	   2.5	   2.4	  
Table	  F.1	  Prevalence	  rates	  of	  degeneration	  in	  the	  urban	  St	  Martin’s,	  Birmingham	  and	  the	  rural	  
Wharram	  Percy	  sites	  (Brickley	  et	  al.	  2006;	  Mays	  2007).	  
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The	  Elbow	  Joint	  

 

 
Figure	  F.1	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  elbow	  joint	  in	  Fewston.	  
 

 
Figure	  F.2	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  elbow	  joint	  in	  Barton-‐
upon-‐Humber.	  
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Figure	  F.3	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  elbow	  joint	  in	  Hanging	  
Ditch.	  
 

 
Figure	  F.4	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  elbow	  joint	  in	  Coach	  
Lane.	  
 

 
Figure	  F.5	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  elbow	  joint	  in	  Coronation	  
Street.	  
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Patellofemoral	  Joint	  
 

 
Figure	  F.6	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  patellofemoral	  joint	  in	  
Fewston.	  
 

 
Figure	  F.7	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  patellofemoral	  joint	  in	  
Barton-‐upon-‐Humber.	  
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Figure	  F.8	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  patellofemoral	  joint	  in	  
Hanging	  Ditch.	  
 

 
Figure	  F.9	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  patellofemoral	  joint	  in	  
Coach	  Lane.	  
 

 
Figure	  F.10	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  patellofemoral	  joint	  in	  
Coronation	  Street.	  
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Tibiofemoral	  Joint	  
 

 
Figure	  F.11	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  tibiofemoral	  joint	  in	  
Fewston.	  
 

 
Figure	  F.12	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  tibiofemoral	  joint	  in	  
Barton-‐upon-‐Humber.	  
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Figure	  F.13	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  tibiofemoral	  joint	  in	  
Hanging	  Ditch.	  
 

 
Figure	  F.14	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  tibiofemoral	  joint	  in	  
Coach	  Lane.	  
 

 
Figure	  F.15	  Distribution	  of	  pathological	  lesions	  in	  the	  skeletal	  elements	  of	  the	  tibiofemoral	  joint	  in	  
Coronation	  Street.	  
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Appendix	  G. Additional	  Results	  (Per	  Site)	  
 
FEWSTON,	  NORTH	  YORKSHIRE	  
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Medial 
TibFem 

Left Right 
n % n % 

Absent 58 59.8% 55 56.7% 
Present 39 40.2% 42 43.3% 
Total 97  97  
 
No OA 39 100.0% 42 100.0% 
DJC 0 0.0% 0 0.0% 
OA 0 0.0% 0 0.0% 
Total 39  42  
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Lateral 
TibFem 

Left Right 
n % n % 

Absent 54 55.7% 55 56.7% 
Present 43 44.3% 42 43.3% 
Total 97  97  

 
No OA 43 100.0% 42 100.0% 
DJC 0 0.0% 0 0.0% 
OA 0 0.0% 0 0.0% 
Total 43  42  

 
	  
BARTON-‐UPON-‐HUMBER,	  NORTH	  LINCOLNSHIRE 
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HANGING	  DITCH,	  MANCHESTER	  
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Acromioclavicular 
Joint 

Left Right 
n % n % 

Absent 48 70,6% 47 69,1% 
Present 20 29,4% 21 30,9% 
Total 68  68  
 
No OA 19 95,0% 19 90,5% 
DJC 1 5,0% 2 9,5% 
OA 0 0,0% 0 0,0% 
Total 20  21  

In	  this	  joint:	  all	  three	  cases	  are	  unilateral.	  On	  the	  left	  an	  old	  adult	  female	  is	  affected	  
and	  on	  the	  right	  one	  and	  old	  adult	  males	  and	  old	  adult	  of	  unknown	  sex	  were	  affected	  
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All	  cases	  in	  the	  medial	  elbow	  from	  Hanging	  Ditch	  were	  unilateral.	  
	  

	  
	  

	  
	  
In	  the	  lateral	  elbow	  in	  Hanging	  Ditch	  both	  cases	  are	  unilateral.	  The	  female	  is	  a	  middle	  
adult	  and	  the	  individual	  of	  unknown	  sex	  is	  an	  adult.	  
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Total	  elbow	  HD	  
Left	   Right	  

Bilateral	   Bilateral	  
n	   %	   n	   %	  

No	  OA	   46	   95,8%	   46	   93,9%	  
One	  side	  
affected	   1	   2,1%	   2	   4,1%	  

Both	  sides	  
affected	   1	   2,1%	   1	   2,0%	  

Total	   48	   	   49	   	  
In	  the	  complete	  left	  elbow	  one	  middle	  adult	  male	  was	  unicompartmentally	  affected	  
and	  one	  adult	  of	  unknown	  sex	  was	  bicompartmentally	  affected.	  
In	  the	  complete	  right	  elbow	  two	  males,	  one	  young	  adult	  and	  one	  middle	  adult,	  were	  
unicompartmentally	  affected.	  One	  middle	  adult	  female	  was	  bicompartmentally	  
affected.	  
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Medial 
Patellofemoral Joint 

Left Right 
n % n % 

Absent 33 48.5% 33 48.5% 
Present 35 51.5% 35 51.5% 
Total 68  68  
 
No OA 35 100.0% 33 94.3% 
DJC 0 0.0% 2 5.7% 
OA 0 0.0% 0 0.0% 
Total 35  35  

In	  the	  medial	  patellofemoral	  joint	  in	  Hanging	  Ditch	  the	  two	  cases	  were	  unilateral	  and	  
belong	  to	  one	  middle	  adult	  males	  and	  one	  old	  adult	  male.	  
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Lateral 

patellofemoral joint 
Left Right 

n % n % 
Absent 32 47.1% 31 45.6% 
Present 36 52.9% 37 54.4% 

Total 68  68  
 

No OA 35 97.2% 37 97.4% 
DJC 1 2.8% 1 2.6% 
OA 0 0.0% 0 0.0% 

Total 36  38  
In	  the	  lateral	  patellofemoral	  joint	  in	  Hanging	  Ditch	  both	  cases	  were	  unilateral,	  on	  the	  
left	  an	  old	  adult	  male	  was	  affected	  and	  on	  the	  right	  an	  old	  adult	  female	  was	  affected	  
	  
When	  examining	  the	  left	  and	  right	  patellofemoral	  joints	  as	  a	  whole	  the	  left	  joint	  only	  
had	  one	  individual	  affected,	  an	  old	  adult	  male	  with	  unilateral	  DJC	  in	  the	  lateral	  
patellofemoral	  joint.	  On	  the	  right	  side	  three	  cases	  were	  found.	  They	  were	  all	  unilateral,	  
with	  two	  male	  individuals	  and	  one	  female	  individual	  were	  affected	  by	  DJC.	  One	  male	  
and	  one	  female	  belonged	  to	  the	  old	  adult	  age	  category	  and	  one	  male	  individual	  
belonged	  to	  the	  middle	  adult	  age	  category.	  
	  

Medial 
tibiofemoral joint 

Left Right 
n % n % 

Absent 33 48.5% 32 47.1% 
Present 35 51.5% 36 52.9% 
Total 68  68  
 
No OA 34 97;1% 35 97.2% 
DJC 1 2.9% 1 2.8% 
OA 0 0.0% 0 0.0% 
Total 35  36  

In	  the	  medial	  tibiofemoral	  joint	  in	  Hanging	  Ditch	  the	  left	  side	  had	  one	  case	  of	  DJC	  
affecting	  a	  middle	  adult	  female.	  On	  the	  right	  an	  old	  adult	  male	  was	  affected	  by	  DJC.	  
	  

Lateral 
tibiofemoral joint 

Left Right 
n % n % 

Absent 34 50.0% 31 45.6% 
Present 34 50.0% 37 54.4% 
Total 68  68  

 
No OA 35 100.0% 36 97.3% 
DJC 0 0.0% 1 2.7% 
OA 0 0.0% 0 0.0% 
Total 35  37  

In	  the	  lateral	  tibiofemoral	  joint	  in	  Hanging	  Ditch	  only	  one	  case	  of	  DJC	  was	  recorded	  in	  a	  
female	  old	  adult.	  
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In	  the	  left	  tibiofemoral	  joint,	  taking	  into	  account	  both	  the	  medial	  and	  lateral	  sides,	  only	  
one	  middle	  adult	  female	  was	  affected	  by	  DJC	  and	  this	  female	  had	  unilateral	  changes.	  In	  
the	  right	  tibiofemoral	  joint	  the	  two	  cases	  of	  DJC	  were	  both	  unilateral,	  old	  adults,	  but	  
one	  was	  male	  and	  the	  other	  was	  female.	  
	  
COACH	  LANE,	  NORTH	  SHIELDS,	  TYNE-‐AND-‐WEAR	  
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CORONATION	  STREET,	  SOUTH	  SHIELDS,	  TYNE-‐AND-‐WEAR	  
	  

	  
	  

	  
	  



 630 

	  
	  

	  
	  

	  
	  



 631 

	  
	  

	  
	  

	  
	  



 632 

	  
	  

	  
	  

	  
	  



 633 

	  
	  

	  
	  

	  
	  



 634 

	  
	  

	  
	  

	  
	  



 635 

	  
	  

	  
	  

	  
	  



 636 

	  
	  

	  
	  

	  
	  



 637 

	  
	  

	  
	  

	  
	  



 638 

	  
	  

	  
	  

	  
	  



 639 

	  
	  

	  
	  

	  
	  



 640 

	  
	  

	  
	  

	  
	  



 641 

	  
	  

	  
	  

	  
	  



 642 

	  
	  

	  
	  

	  
	  



 643 

	  
	  

	  
	  

	  
	  



 644 

	  
	  

	  
	  
	  
 

 

 

 

 

 

 

 

 


