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1228 skeletons from the Romano-2ritis

Poundbury have been used to compare methods of

age at death on archasclogical material,
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stxucture and of the occurrence of degenerative joint disease
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The Poundbury population is assessed as having a mean
age of death around forty-five, with very few survivors
beyond sixty. A greater proportion of males are found in the
‘older age groups than females. The pattern of mortality
given by the dental attrition method of age assessment is

essentially validated, but in absolute values the method

underestimates the ages.
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INTRODUCTION

The current methods for determining the age at death
from skeletal remains make two general assumptions of
uniformitariansim. First, it is assumed that biological
processes of aging in the gkeleton have the same relationship
to actual chronological age in the past as in the present.
Secondly, it is assumed that the methods derived from
present day populations will be applicable across the entire
‘population of the past, that is, that the variation in
biological rates between individuals in a past population

will be no greater than in the presents;

There is a growing realization amongst both physical
anthropologists and the archaeologists, depeﬁdent on theixr
data, of a préssing need for some detailed evaluation of
variations in bioclogical aging rates between and within
populations, between the sexes, between different age groups

and between different parts of the skeleéeton.

This thesis is a contribution to the solution of the
problem by comparing different current aging technigues
and measures of age-related changes within one populétiono
The current aging methqu to be compared are those of dental
attrition (Brothwell, 1972), pubic Symphysié metamorphosis

(ricKern and Stewart, 1957; Gilbext and lMcKern, 1973) and




eleven different age estimates from changes in cortical
bone structure (Kerley, 1965; Ahlquist and Damsten, 1969;
Thompson, 1978; Samson, 1983). The measures of age-related
changes to be investigated are the various parameters
measured or counted from the cortical bone, the SCOIéSAOf

dental attrition and pubic symphysis metamorphosis necessary

to produce the age estimates to be tested.

In addition, an assessment is made of age—related
degenerativevchanges in the vertebral column, that is
osteoarthrosis and osteophytosis. The specific focus of
interest is aimed towards assessing the potential use of
:the measures of'cortical bone structure and of degenerative

joint disease.

The collection of skeletons from the Romano-British
site of Poundbury in Dorset is used for this study. The
collection comprises 1228 individuals and is of good

preservation.

Tﬁe iiterature on skeletal aging methods, age—relaied
changes in cortical bone structure and degenerative joint
disecase, with specific reference to the spine will be
reviewed in part 1 of the thesis (chapters 1 to 4). Part 2
containé the details of the original research carried out
- on the Poundbury collection. Chapter 5 describes thefsample,
vthe‘methodsrof data collection and the analyses to be
performed. Chapters 6 to 9 present the results of

relationships between the various parameters and chapter 10




contains a discussion of the findings, picking out a few

specific issues for attention.




Chapter 1. AN INTRODUCTION TO AGING.

1.1 The Phenomenon of Aging.

An aging organism is defined as one which experiences
an increased probability of death with increasing age, that
is the life expectancy decreases with age. Aging or senescent
processes are age-~related changes in the body components
causing this decreased probability of survival. Although
death itself is a sudden event, age-related deleterious
‘changes are accunulated up to a threshold beyond which the
body can no longer tolerate the level of functional impairment

present in its senescent parts (Lamb, 1977).

Why organisms should age at all is a question which
cbnfronts evolutionary biologists (Hamilton, 1966; Kifkwood,
19773 Medawar, 1952; Williams,1957; Charlesworth, 1980;
Moment,1978). The observation that comparative studies show
species—~specific life expectancies implies some level of
genetic control over aging processes (Sinex, 19773 Brash
and Hart, 1978). On the other hand, although there are a
number of body functions, organ systems and their cells
which are universally found in all multicellular animals, not
all organ systems etc. age in the same way in different
species. (Rockstein et al., 1977). This illustrates the
difficulty of producing a single theory of aging except for

at the broadest level.




Theories for the evolution of aging can involve active
6: passive selection. The former instance proposes that there
is a positive advantage to aging which is actively selected.
The argument usually follows the commonsense sounding line
that individuals must die to prevent overcrowding. This style
of argument can be rejected on two grounds. First, the
advantage derived from aging is for the good of the group
.and as yet there has been no evidence of mechanisms by
which group selection can operate. SecOndly; under natural
conditions, mammals and early humans do not manifest their
potential aging pattern as death is more likely to occur
from accidents befalling individuals randomly at any age
‘than from an age-related increase in susceptibility.
Therefore, aging and age-related moxrtality is not seen in
wild or natural populations to act as a regulatory

mechanism on population growth,

Passive theories of the evolution of aging accept that
faults will arise in the processes and functioning of any
organism by the very nature of biological information
transferal.‘The accumulation of suchnerrors with time
constitutes the aging process. Cutler (1978) calls these
harmful effects biosenescent processes which can cover
any thing wﬂether intrinsic or extrinsic to the organism.
The occurrence of copying érrors is recognized as an
essential feature of the evolutionary process and an;

optimal level of error will have been selected for in any

given organism. However, the expression of biosenescent




processes must be held back until after successful
reproduction, s0 balancing processes, which Cutler terms
antibiosenescent, evolve to counteract or delay the

expression of aging.

In selection terms, genes having bad effects
pre-reproduction will be selected against, whereas those
acting post-reproduction will not be selected against and
could become fixed in a population by stochastic events.
Particularly important may be the effects of plejiotropy
where genes with beneficial actions for survival early in
life will be favourably selected regardless of the fact that
. the same genes may produce biosenescent effects later in
life. Similarly genes having antibiosenescent behaviour
early in life will be strongly selected whereas those not
acting until later will not. The selec£ion, therefore, can
be_direct through gene action or indirect promoting
antibiosenescent processes through selection. A balance is
ultimately found beﬁween the retention of ordexr, and the
tendency towards disorder, or entropy in terms of energy
input or costs to retain order and the output or reward
of doing so in evolutionary currency (Kirkwood, 1977). The
variety of forms of life today and variety of maximum
lifespan potentials reflects the many different compromises
or balances evolved between these two opposing forces.

Biosenescent processes can arise from any bioclogical

process where possible errors can arise in information

copying or interpretation, or where side products of

chemical reactions are formed which similarly accumulate.

jws p]



The early work of Rubner in the nineteen hundreds first
established the existence of a strong correlation between
the netabolic rate of a species and its maximum lifespan
potential, with some notable exceptions. These exceptions,
which include humans; have a larger ratio of brain to body
size than the average relationship over the range of species
(Sacher, 1978), which seems to play some part in the
increased maximum lifespan potential. Sacher (1978) seces
it as an expression of improved homeostatic control acting
as an accompaniment of increased brain size, whereas
Cutler (1978) sees the increase in both brain size and
longevity as related back to the selective pressures for

- features to:enable the development of an increased learning

capacity.

Specific chemical reactions. known to. increase errors in
DNA and other protein syntheses are those involving
free-radicals. These are highly reactive by-products of
various metabolic processes which can act as crosslinking
agents betweén macromolecules, impeding the accurate
breakdown or replication of these molecules in subsequent
reactions (see Harman, 1956,1968,1971,1972,1973; Dormandy,
1983). These free-radicals can be particularly harmful if
forming crosslinkages between DNA strands (Bjorksten,1974).
One of the most dangerous free-radicals is that of oxygen,
05, in mammalian cells, because of the great number of
reactions involving oxygen and releasing this particular
free-radical., Free-radicals are just one type of crosslinking

agents, many of which exist in the organism. Mang molecules




form crosslinkages with each other simply as the continuation
of processes forming molecules and macromolecules in the
first place. This is seen to be the case in collagen for
example, as important component of connective tissues. The
accumulation of crosslinkages with age 1s recognized aé a

powerful biosenescent process.

Antibiosenescent process nust therefore counteract such
reactions. Repair mechanisms for DNA and the other proteins
exist, but, of course, at no time is it economical to invest
the energy required to repair all the damage present. All
that is necessary is a level of repair sufficient to maintain
"the integrity of the organism long enough to successfuliy
reproduce. Energy can be more valuably invested elsewhere,
for example in reproduction itself. Some of the recognized
agents of antibiosenescent processes are superoxide
dismutases, antioxidants and free-radical scavengers and
the selective removal of abnormal proteins. Delaying the
rate of development and slowing the metabolic rate are
antibiosenescent processes evolved by particﬁlar species

including humanse.

1.2 Mortality in Humans.

A distinction is drawn by Pianka (1978) between the
kinds of strategies adapted by different species as iegafds
reproduction and rearing investments; r selected strategists
have short maximum lifespans potentials, high metabolic

rates, early reproduction, a high frequency of young

'




produced at any one birth and very little subsequent
investment in the offspring. Primates have a k selected
strategy, investing greater energy in each single offspring
both before and after birth, with a longer development
period in offspring and a greater learning capacity. This

is most developed as a strategy in humans who display
extznded development time through neoteny and slow metabolic
rate. This is accompanied by energy investment in
antibiosenescent mechanisms for repair to allow the length

of life necessary to successfully raise the offspring.

The human maximum lifespan potential is given as
“ninety-~five (Weiss, 1981) but obviously very few actually
attain such a ripe old age. As mentioned earlier, wild

animals do not experienge aging as an important factor

leading to death, since death from hazards of the

environment are of the greatest importance, for example,
éccidents, attacks, birth, starvation, disease, poisoning, etc.
This is thought to have most likely been true for humans |
also throughout-the majority of our history.- Vastly different
patterns of mortality can be seen in different populations,
both those of today and in the past. The most important
influence on mortality patterns is seen as environmental
circumstance, taking this to embrace both the ecological
situation and societies!' own patterns of activity and

responses to accidents oxr aging.

Assessments of mortality patterns in the past tend to

indicate the same general trend. Early human populations




~thought to be characterized by high infant mortality

fu
H
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a mean adult age of death around 30 to 40. The mean

fu
o]
o

ge of death could vary considerably between populations and

Y

between the sexes, but is generally considered to have been
low. Childbirth is presumed to have accounted for femaié
deaths in the twenties and thirties in the majority of

the population, possibly giving a lower mean age at death in
females. Males would be more prone to death from accidents,
or attacks occurring.at any age of life, perhaps giving a
more even distribution of age at death in males. Average
longevity is not reported to increase noticeably towards
modern levels of the western world until after the

- Industrial Revolution, not, as was expected, after the
Neolithic Revolution (Brothwell, 1972; Angel, 1947; Weiss,
1981 ). Weiss (1981) also examines the ydriation in age at
death. This he finds to be far greatef in earliex populations
than in post-industrial societies of Europe, reflecting the

greater likelihood of death at any age in earlier tines.

Studies of past demographic patterns have to depend
on fragmentary information from ea{ly documentations,
inscriptions of tombs or monuments, settlement sizes,
guantities of debris left and analogy with present day
sorcalled 'primitive' societies. Obviously, .the most direct
information on mortality can come from examination of
skeletal remains. rany of the mortality trends described
above are derived from or supported by skeléeélAsfudies, The
importance of reliable aging methods or at least some idea

of the extent of their unreliability is crucial for any
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discussion of demographic trends based upon this evidence.

1.3 Anthropological kethods for Aging Skeletons.

& distinction is drawn between biological age, that is
the extent of development or degeneration of any particular
frature and the chronological age, that is the number of
vears the individual has been alive (Beﬁjamin, 1947). These

are shortened to biocage and chronocage here.

fhe development of a method for assessing the age at 1
death of an individual from the skeleton requires two steps.
First, a clear, uncomplicated way of measuring the bioage
of the particular anatomical feéture under study must be
devised and secondly, the relationship:of change in bioage
to the chronoage must be established and some way of
converting the measure to an absolute age estimate provided
together with an assessment of the estimatéé accuracy oxr

resolution.

The development of most methods for aging skeletons
draw on epidemiological research in the medical fields of
growth and senescent changes. Such studies, which are
usually based on living populations, provide ranges of
biocages in relation to the controlled chronoage. The
anthropologist takes this relationship and turns it around
to get a chronoage.range from a known bioage. However,
there are a number of statistical pitfalls in the development

of a method for anthropolecgical use which have not always
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been avoided. The provision of a means of measuring or

grading the bioage is not

0

a problem, and although for
certain anatonical features a number of different ﬁeans of
bioage measurement exist, the researcher's choice of method
should be based on the soundness of the conversion proéess

rather than the means of measurement.

rirst, many biocage measurements do not use interval
scales but grade the feature from a visual assessment
using an ordinal scale. If a number of components of the
anatomical feature are to be graded, it is inadmissible
to then treat these grades as if they were an interval
scale and take a mean average value. If an average is to be
taken, the m=dian or mode should be used (Siegel, 1956), If
a wider range of numbers is required fgr finer discrimination,
then a summation of the various grades can be used. The use
of mean averages from ordinal scores puts into question the

foundations on which the aging method is based.

Secondly, distdrtion of the populationié assessed age
structure, particularly in the middle range, will result
i the same table is used to get the chronoage from known
bioage as that which expresses the bioage.range in relation
to the known chronoage. 3Separate tables should be given
for each of the two relationships (llasset, 1971). This
means that tables published in medical journals on
paediatrics or geriatrics giving ranges of bioage in
relation to the known chronoage should not be used directly.

Access to raw data would allow the anthropologist to draw

12




up the necessary table for the opposite relationship.

Thirdly, and of the greatest importance, the age and
sex structure of the reference population from which the
method has been developéd will affect the conversion process.
Therefore, the reference population should be similar in age

and sex distribution to the archaeological population under

study. Although, of course, this is the unknown, the'details

of which are to be found out, the gross structure of most
skeletal samples can be assumed to have come from a
population of more or less equal sex ratio and with a
distribution of ages from neonates to the elderly. The age
distribution of a reference population should therefore
cover this range, preferably with a reasonable sample size
over the ages; or else specify the use of the method for a
limited sector of the range. This seé;or of the population.
would then have to be identified first by other aging

criteriae.

Bearing these-considerations in mind, -a review of
current aging methods can be made. The methodsvfor aging
subadults are touched on but briefly, with a fuller
coverage of the methods for aging adults since this is

the problem area in which this thesis is located.

1,4 Aging Subadults.

The main skeletal processes used for biocage assessment

and subsequent estimation of chronoage from subadult

13




skeletons are as follows:

Appearance of ossification centres

Growth of bones in length

Fusion of epiphyses

Development of teeth

Eruption of teeth

The appearance of ossification centres occurs in the
foetalistage and can be used to estimate foetal age if such
is found in excavation. There is a vast literature in
paediatrics on childhood growth rates, variation within
normal limits and effects thereon of nutritional status,
. disease, physical activity, racial differences etc. The use
of teeth is the best age indicator for juveniles, first, because
it is the most commonly preserved element and secondlw,
because tooth development is less affected by sex differences
than is bone growth (Hunt and Gleiser, 1955). The simplest
methods of aging from teeth relate eruption times to
absolute age (Brothwell, 1972). A more precise method
considers in detail the development of the tooth components,
the crown and root pre- and post-eruption (Demirjian.et al.,
1973). This method involves the use of radiography which

accounts for its lack of popular use.

Long bone lengths give age.if tables are used based on a
populations relevant for the one under study. Once full growth
is reached in any osteological element, the epiphyseal
plates will gradually fuse to the main unit. This again
is well-documented and can provide a good estimation of age

in late adolescence. The various epiphyses fuse at different
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ages so the possible range of age can be narrowed down using

all the bones available (Bass, 1971).

The fusion of the bones of the skull cover a wide
range of ages between them, the latest being the spheno-
occipital synchondrosis in which total fusion may not be
complete until the mid-twenties (telsen, 1972; Redfield,

1970).

In both the assessment of growth measurements and

epiphyseal union, there is a difference between the sexes

at which age these occur, a difference which can be several
years. Although this is nothing compared to the inaccuracies
of adult age determinations, it is quite considerable in
proportion to the age under discussion. Therefore, it is
important to try to obtain the best toéth age determinations
on which to callibrate other age assessments of both
ﬁuveniles and adults. The use of X-rays in assessment of

tooth development could prove worth the extra time investment.

1.5 Aging Adults.

The age-related processes drawn upon to assess chronoage
after epiphyseal union fall into three categories.
a) Continuing development:
fusion of cranial sutures
metamorphosis of the pubic symphysis

remodelling of bone

b b
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b) Mechanical:

weaxr on dental ccclusal planes
c) Degenerative:

osteocanthrosis

osteophytosis

osteoporosis

1.5.1 Cranial Suture Closure.

The cranial sutures separate the plates of bone of the
craniam, thereby allowing growth of the skull and the
enclosed brain. These slowly fuse throughout life until the
- final stage where the line of the suture is no longer visible.
The sutures can be examined from the outside of the skull-
case, ectocranially, or from the inside, endocranially. Most
methods of age estimation from cranial suture closure are
based on the pioneering work of Todd in the twenties. On a
collection of known aged males of 267 Todd and Lyon
(1924, 1925) studied the extent of suture closure in relation
to age. They provide a detailed deSCIiptiOnhbf the
progressive fusion of the sutures both endo- and ecto-
cranially, giving the mean age at which progressive stages
of fusion occur. However, this is not présented as a clear
method for aging with a conversion chart but rather as a .
description of characteristic ages for any stage in cranial
suture closure. Therefore,.as Masset (1971) points dut, their
paper was not an attempt to provide an aging method, but
merely a preliminary step towards one by examining the

age-related changes at a descriptive level. He claims any
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method based on their original publication is not based on

a secure foundation. In addition, since ectocranial
observations are much more easily performed than endocranial,
most methods of cranial suture aging are done ectocranially.
Todd and Lyon (1924) themselves state that ectocranial
closure is more variable than endocranial closure. Even of
endocranial closure, which they did use themselves in a

test run to age a Sméilﬁg;;;1;>ggmgigiégoné, they say that

" their findimgs do not justify 'uncontrolled' use of

suture closure for age determination.

Aging by cranial suture closure has gained a reputation
. for inaccuracy in more recent publications (Brooks, 1955;
Singer, 1953). Masset (1971), although critical of the
widespread use of Todd and Lyon's original descriptions, is
more optimistic of the usefulness of c:anial suture aging

as a method dn conjunction with other age indicators{ He
élaims systematic errors are introduced into the methods,
avoidance of which can.improve the reliability bf the age
relations. In addition to the misuse of Todd and Lyon's
descriptions, the problem mentioned above of using

separate tables for the two directions of relationship
between age and suture closure must be made available.
Thirdly, the similarity of age-related patterns of suture
closure in the sexes when expressed as modal patterns obscure
less obvious but important differences about wariation,
dispersion, skewness etc. Again, as mentioned before many
papers do not present information beyond the average in

relation to age which falls short of the full details
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required. Masset (1971) claims use of the same tables for

s and females causes an underestimation of female age
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and distortion of the overall age structure of the female

population.

The Hungarian workers, Acsadi and Nemeskeri (1970) have
themselves examined a sample of 352 individuals of known age
and sex - 208 male and 144 female aged between 15 and 89,
They studied the age-xelationships of both ectocranial and
endocranial suture closure. They therefore avoid Masset's
criticism of misusing Todd and Lyon's publication by

presenting their own results. They also present different
- tables for the two directions of age to suture closure
relétionship. However, they grade the three main sutures
(coronal, sagittal and lambdoid) in a total of sixteen
sections, then take a mean value over these sixteen, thereby
misusing an ordinal scale as if it were an interval scale.
They do publish the ranges of ages in relation to the
suture stages‘and they feel confident in using endocranial
suture closure as one of the methods in their complex
method of aging, a method which incorporates a number of
paramreters to get an age estimate. They introduce the idea
of limiting ranges using aging methods to state that no
individual over or under a certain age would display a
certain level of age—relatéd change. By combining this
practise over a number of parameters they can narrow down

the estimated age range.
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1,5,2 Pubic Symphysis Metanorphosiss.

Using changes. on the articular surfaces of the pubic
symphysis as age indicators was also pioneered in the
1920s by Todd. He studied the pubic symphyses of a

sample of khown age, sex and race:

306 male white 18 - 70
90 male negro-white hybrid 17 - 45
47 female white 16 - 74
22 female negro-white hybrid 16 - 45

The white male sample provided the main description
and the age changes of the other groups were compared to
this main group for differences, He distinguisheslten

stages through which the surfaces change from young
adulthood through into the fifties and over. The alterations
of the pubic symphysis had previously been commented on by
2eby (in Todd, 1920), who, from measurements made,

considered the changes to represent continqing ossification
i.e. a process of growth. Todd (1920,1921) by contrast,
interprets his measurements as representing a process of
metamorphosis rather than growth, Todd (1921) coﬁpares the
female and negro-white hybrid group for differences and
notices slightly different rates at which the stages are
passed, but, nonetheless finds they do go through the

same stages of metamorphosis. However; since his sample
size for these groups is small on the whole, particularly

for the females, this is not developed further than the
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level of observation.: The pattern of changes observed in
the pubic symphyses pass from a ridge and furrow formation
in the adolescent/ young adult, through the development of
a dorsal margin with ventral bevelling in the twenties. The
thirties see the devélopment of a ventral rampart. In turn
this changes to a flat symphysial face in the forties

with the development of_a _rim around the face, This in

turn-breaks down after fifty and pitting and osteophyte

formation may be observed.

Todd's obsexrved stages of age-related metamorphosis in
the pubic bone has been used widely either as presented by
Todd, or>developed further by subsequent researchers.
Brooks (1955) using Todd's ten stages finds a very good
correlation with known age for males and a slightly

lower one for females but still good.

It is often suggested that possible damage to the
pubic bone from pregnancy and childbirth could cause
-incorrect age assessment in females by imitéting the later
stages of pubic metamorphosis. In pregnancy the Stressés
on the central abdominal muscles stretches these and causes
reinforcement of the sites of muscle attachment. Similarly
at childbirth the arcuate and interpubic ligaments are
stretched. Tears in the muscles and ligaments give rise
to knots of disintegrated fibrocartilage which becone
pushed intothe ligament lifting it from the periosteun,
especially on the dorsal (inner) surface. The bone reactions

are similar to those of osteoarthrosis with pitting of
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the pubic symphysis articular surface and lipping on the
margins (Ullrich, 1975; Angel, 1969). The female metamorphosis
of the pubic symphysis lags behind the male in the ages at
which the various stages are attaineq. Thg;gi@;e, mistaken
grading of a pubic symphysis damaged by parturition into
an old age group could cause a great overestimation of the
female age structure.-Todd-was-unable-to detect any
differences in rates at which the stages are passed in
females known to have born children compared to those
known to have had none.»However, he does not discuss
whethexr -problems of wrong identification from damage were

encountered (Todd, 1921).

Acsadi and Nemekexi(1970) have a known age sémple
of 1045 skeletons aged from 18 ~ 84 of..both sexes. They
reduce Todd's ten stages down into a more easily defined
set of five stages. They incorporate the use of the pubic
symphysis metamorphosis into their complex method.

McKern (1956) and McKern and Stewart (1957) have
devised a slightly different grading method based on’thé
same obsérvations of,metamophosis; They describe the changes
in terms of three components involved in the oyeréll
appearance of the pubic symphysis. The three components are:

I The dorsal demiface

IT The ventral fampart

III The symphysial rim
They divide each of these into five stages of metamorphosis.

The sum of the three grades is then taken and correlated
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with the age ranges found in the sample. The division of

the overall appearance into three separate components allows
for flexibility in the development of the symphysial face
and recognises that allAthe”change§ as descr%bed by Todd
may not totally coincide in their stage of metamorphosis.
IHowever, there are problems with.the interpretation stage
because icKern and Stewari.(lQSZ)_were¥unable to obtain a
widespread age distribution in their original reference
population. The method was developed on a large sample
compared to Todd (1920,1921) and Acsadi and Nemeskeri

(1970) of 349 males, dead from the Korean war which only
covered an age range from 17 - early 40s. This leads to

the final stages of éymphysis met;morphosis being assigned
to a group defined as 36 plus. A lack of ability to
discriminate amongst the older age groups leads to an age
structured population with the bulk of the population having
died before forty. Since reaching the anatomically modern

form of H. sapiens sapiens , humans have had the potential

to live up to the nineties. Certainly,; the majority may
well have died in the thirties and forties gut,some will
have survived into old age (Biesele and Howeil, 1981) , and
there is a need to try to identify these individuals and
not to concertina the age distribution of past populations
into. the narrxow range from birth to forty (Molleson, pers.
comme. )» {ilthough the HcKerh and Stewart method is
attractive in its grading method, it should be limited in
applicatién to populations which have a similar demographic

structure., A military cemetcry for example would provide
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an ideal situation in which to use the method. In applying
the method to a mixed sample the authors noticed anomalies
which on closer analysis proved to be the females, supporting

Todd's earlier suggestion of sex differences in the
metamorphic rates., Gilbert (197l,>1§73) andubiibert and
McKexrn (1973) then presented a form for application to
females based on a total sample of 120 from age 19 - 97,
They claimed no regular changes were identifiable after
55 once the final breaking down stage was attained, so
limited their sample to those between 13 - 57, numbering
103 in all. Unfortunately, it is Questionable whether
putting the two methods together allows the age identification
of a mixed population. Apart from the age limitation of the
nale sample mentioned above the two methods are not .-
comparable one to another for the same reason of age
distribution differences, the females being distinguished up
to 55, whereas all maleé over 36 are clumped togethex.
Ideally, the methwod needs to be tried and tested and/or‘
developed od a single mixed sample of a wide age
distribution. However, in spite of its drawbacks and
questionable validity in terms of its reference popdlations,
these two methods have gained widespread use in preference
to the Todd method, utilising a simpler identification of
stages, based on large reference sample size and devised .
specifically for calcqlatihg ages and presenting the

defined age ranges in a clear fashione.

Therefore, there exist four possible methods of
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determining age from the pubic symphysis; Todd, MNemeskeri,
McKern and Stewart, Gilbert and McKern. tlasset (1976)
reviews all of these and again emphasises the importance of

the age structure of the reference populafion

in influencing
the stages described, the age calculations deri;éd »
therefrom and the resulting age structure of the population
under study. Masset (1976)_claims_the best way to select
from the methods on offer is to pick the one with best
suited feference population age structure. In the majority
of skeletal samples where probably the living population
was of mixed sexes and of all ages, this age distribution
is best represented by Todd (1920, 1921) or Acsadi and

" MNemeskeri's (1970) reference populations. Unfortunately,
there has so far been little opportunity to test any of

the methods' applicability to another population of known
age and sex. The methods of dcKern and Stewart (1957) and
Gilbert and McKern (1973) have been tested on the same
reference populations:by other researchers not knowing

the actual age of the individuals. But this only proves the
replicability of the grading process, not tﬂé applicability
of the methods across populationé, The nearest alternafive
iﬁ the absence of many large samples of known age and sex
which cover all age ranges in sufficient numbers is to
correlate one againg method against others to see how each
stands in relation to,the.overall biocage of the skeleton.

A test of this kind waé performed by Doukladal (see;Masset,
1976) on a Czeck population where little was known except
that the population ranged between 18 - 69. As expected

from iMasset's argument of the importance of the reference
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porulation's age structure, the most suitable results cane
from the use of Todd's method, where the reference

population also most closely resembles Doukladal's Czecks.

As regards the problem raised earlier of possible
mistaken grading on female pelves, Gilbert and McKern (1973)
claim that "only infrequently" was—damage to the pubic
bone such as to prevent age assessment at_all. They do not
expand on exactly how infrequently this occurred. They do,
however, aéknowledge that the dorsal margin could be
damaged such that the dorsal surface becomes pitted
resembling stage V in component I ( the dorsal demiface)
and that it can be difficult to assess whether this state
represents components II and III in their developing phase
or breaking down phase. 50 where there-is evidence of
damage from childbirth, caution and careful observations -

have to be exercised in assessing the stage of metamoxrphosis.

As regards possible racial differences in rates of
~metamorphosis across populations, Todd (1920, 1921)
suggests,from his small_samﬁle, that there might be a slight
difference between whites and negro-whites, Gilbert and
McKern . (1973) report no evidence of racial differences

but again this is based on a very small sample of ten,

and they appreciate the possibility that population; living
under totally different conditions could vary in metémorphic
rate. The only comparative study so far is one by

Hanihara (1952) on a Japanese sample. He reports that Todd's

ten phases are totally applicable to the Japanese skeletons
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as regards the stages through which the Japanese pubic
symphysis was observed to pass. Howsver, the changes occur
consistently about 2 - 3 years ahead of Tecdd's sample. It
1s difficult to know whether this should be seen as a true
difference in age-related metamorphoéié béfWéeh.fhé

populations or as a constant observer error in interpretation

of Todd's descriptive stages. Todd, himself, did recognize

that both pubic symphysis metamorphosis and cranial suture
closure could be retarded or accelerated by conditions of
nutrition, disease etc. so it is to be expected that further
work could produce evidence of different rates of.
metamorphosis between populations. The problem to be solved
will be whethexr these represent purely differences in living
circumstances or whether genetically determined differences

also exist.

1 «e5.3 Dental _‘Lttl‘i‘tiOn.

i

Asseement of age from the degiee of wear on the
occlusal surface of the teeth, particularly the molars
has been long recognized as a good indication in all animals.
("never look a gift horse in the mouth'") There are many
methods published of grading the extent of tooth wear
(Miles, 1963; Brothwell, 1972; Molnar, 1971, 1972;

Gustafson, 1950).

The rate at which an occlusal surface wears down can

be affected by a host of varied agents e.g. soft enanel,

malocclusion, dist, teéth used as tools, tooth grinding etc.



(Cruwys, pers. comm. ). Dietary differences stand out as
potentially tﬁe most importantcauée of variation in rates
of wear. For reasons of diet, studies of wear in
contenporary western populations arc-often very little use
as controls for developing a method of aging on wear.
todern populations have far softer diets than formerly

and suffer from dental caries in general rather than dental
wear. 1t has, therefore, proved difficult to find controlled
samples for tooth wear studies. Most of the popular

methods in use have been developed on prehistoxic
population samples where age has been estimated from other
criteria (Brothwell, 1972; tliles, 1963). This has led to

tooth wear grades often being interpreted into very lcose

age categories of a wide range (Brothwell, 1972). Vast
differences in wear patterns have been shown to exist

between various prehistoric populations and between present-
day non-soft food eating populations such as the hunter-—
gatherer groups (Lunt, 1978). =skimos repeatedly turn up
in publications as manifesting the highest . rates of tooth

wear, a feature commonly attributed to the high meat content

i3]

of their diet, but could equally well be a result of the
custon of preparing skin and sinew for use through chewing.
FPreagricultural gfoups are shown to exhibit greater wear

and lower caries {requency thah post-agricultural populations

presumably as a result of a heavier wearing diet in contrast

!

o the soft carbohvdrate based diets of most agricultural

o+

communities (Cassidy, 1972; Campbell 19392). Unfortunately,
it is difficult to compare wear rates in many prehistoric

populations since the wear rates themselves have been used
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as =a2gz indicators. The wear rates have to be plotted
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some unrelated age assessment in order to gein a true

comparison. Zven within a population dietary differsnces

e

play a highly significant role in wear rates. Older

¢

3

individuals may have different diets to yvounger; the sexes
nay differ in their diets and, if the population is

oclally stratified. the different sccial levels will almost
certainly have differing access to resources e.g. in the

amount of meat contained in the diet (Schoeninger, 1979).

Since the influence of diet on rates of wear is very
obvious, aging methods based on tooth wear tend to avoid
meking definite claims about the relationship between
chronoage and tooth wear age. Gustafson (1950) presents a
very thorough examination of the tooth as a whole, using
six criteria, one of which is the degree of tooth wear. He
gives 4 grades of tooth wear from O (none) to 3, when the
puls cavity is exposed. The other criteria used are the
ancunt of secondary dentine in the pulp cavity, the amount
of periodontosis, the amount oif cementumn, the degree of
translucency of the root and the extent of root resorption.

The scores for each of these six criteria are added up and

o

regression ecuation given for conversion into a chronoage
estimate. Using 2 number of different criteria avoids too

great a dependancy on wear alone or on any other one of the
criteria but still presents an absolute raelationship. ililes

(1963) compares the Gustaison method on a sample of 200
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teeth of knowm age with age estinates made by intuitiwve




their visual appearance. He did not find the
method offered any significantly greatexr accuracy over the

T2 were good

2

visual guess of the experience observer: 3
[

estimates i1.e. within 3 years of the real age, by the

intuitive method and only 387 by Gustafson's method.

Brothwell, in "Digging up Bones", presents a chart
of stages of tooth wear, giving up to six stages.
gives an interpretation chart grouping together stages of

wear on the three molars into large overall age categories:

9y
-
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17 - 253 25 - 353 35 - 453 4

All the older individuals are classed together in a single

bracket with no means of distinguishing between them, again

giving a possibly false contraction of the age distribution.

r at least an impression thereof.

0

The !iles method af aging presents the best solution
by avoiding absolute relationships altogether (Nowell, 1973).
Since wear starts as soon as the tooth has erupted liles
argues that the rate at which wear is proceeding in a

population can be gauged be measuring the amount of wear

on iy by the eruption time of il,. The comparison oOf M, with

o

can also be made although this is less reliable since

3
the eruntion time of i is sco variable., Miles develops his
h >
method on a series of Ariglo-3axon skulls numbering 190

in all and treats the 38 with immature dentition as those
of known age in which the scale is built up. Slthough the
rate of irear may well change throughout life, the attempt

to callibrate the wear rates in early life at least sets
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2 standard for any particular population in relation to

other populations. Any of the schemes of tooth wear grading

can be used and callibrated in the way btiles suggests.
Agailn there is a need for a skeletal sampl2 of known age
and sex with a wide age distribution to test out the
applicability of the method. There is a need for more
information of the variation between populations and within
populations on wear rates, e.g. the time taken to pass

from one Sfage to another may not be constant across
populations, the sexes or social levels. Both Brothwell

and Miles report no evidence of sex differences in wear

patterns but this is certainly not always going to be true.

1.5.4 Bone Structure.

Acsadi and Nemeskeri (1970) have examined changes in
the appearance of the head of the femur and humerus. They
presenf five stages of reduction in amount of trabeculae
within the bone head as seen by radiography. The grading is
used in association with their other aging pérameters to
form the complex method of age assessment. Distinguishing
the five stages from radiographs may be more difficult in

nractise than suggested in theory (ilolleson, pers. comm.).

A number of methods have been developed from measures
of cortical thickness and internal cellular structures of

cortical bone.
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Kerley (1965, 1969) presented the first method of
estimating age from bone sections. He had a sample of
126 individuals ranging in age from birth to ninety-five
and he studied sections from the femur, tibia and fibula.
Four parameters were measured in each of four fields
located on the periosteal edge of the section (see Fig. 1.1).
The four parameters were the number of osteons, number of
osteon fragments, number of non-haversian canals and
percentage of circumferential lamellar bone. A regression
equation for converting each of the measures to an age
estimate is given, together with the range of accuracy.
The best single parameter is the number of osteon fragments
in the fibula. Using all four measures in conjunction, the
four estimates for any one bone, or more if more than one
bone is used, can be considered togethgr and the overlap
region of the estimates used to provide a more precise
age assessment. Kerley tested his method on samples of
known age and was able to eétimate the age of all of them
to within ten years. He found no sex differences in any of

+the four measures.

Ahlquist and Damsten (1969) published a modification
of Kerley's method, simplifying the method by focussing
on a single parameter in the femur alone. They discuss
the difficulties encountered using Kerley's method,

particularly in distinguishing osteons fxrom osteon
fragments in the rough estimation of percentage of
circumferential lamellar bone by eye and in identifying

a structure on the edge of the field without moving the
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FIG.1-1 FIELDS USED IN THE METHODS OF
AGE ASSESSMENT FROM BONE
STRUCTURE
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field. As Kerley's parameters can be grouped into those

of increasing frequency with age, that is the numbers of
osteons and osteon fragments, and those of decreasing
fregquency, that is the number of non-~haversian canals and
the percentage of circumferential lamellae, Ahlquist and
Damsten measure only the percentage of the field occupied
by osteons. and osteon fragmennts, an inverse measure of
Kerley's percentage of circumferential lamellae. Instead

of estimating this percentage roughly by eye, they make
use of a 10 x 10 square grid micrometer and count the
-number of squares out of the hundred more than half
covered by haversian systems. This gives a more accurate
estimate of the percentage, allows peripheral structures

to be identified and does not necessitate any discrimination
between osteons and fragments. They make use of four fields
from femoral cross-sections, located slightly differently
to Kerley, but still on the outer periosteal edge of the
bone (see Fig. 1.1). Tested on a sample of 20 of known age,
they estimate the accuracy of the method as i6°71, which is
better than most of Kerley's ranges for any single
parameter. The authors feel that in comparison to Kerley's
results using all the parameters in which he was able to
place all his test cases within 10 years, their method
would be inferior. Nevertheless, the greater simplicity,
speed and lack of necessity for clear details in the
section give the method great practical advantages

(Ubelaker;,; 1974).
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The third method is presented by Singh and Gunberg
(1970) based on sections from the femur, tibia and mandibular
ramus using three parameters. In the long bones a section
is taken from the midshaft anterior portion (see Fig. 1.1).
The measurements are made on two fields téken at random
from the outer third of the periosteum. The total number
of osteons from the two fields are counted and the mean
haversian canal diameter calculated. The third parameter
is the mean number of lamellae per osteone. This last -
parameter demands very clear details in the sections in

order to count the lamellae and ﬁnfortunately most
archaeological specimens do not present such clarity of
detail. Singh and Gunberg's sample of 59 is mainly male
(number = 52) and, although the studies of Kerley showed
no sex differences for his parameters, the application of

the method to females has not been truly tested. In addition
the sample was all over fifty years of age with a mean age
in the sixties. The regression equations allow the parametexs
to.be used singly or in combination. The method cites a

resolution of estimate of =3 yearss

The method developed by Thompson (19738, 1980) is a
result of a thorough analysis of age-related changes in
bone looking at a total of nineteen variables on the
femur, tibia, ulna and humerus. He presents a serie§ of
step-wise equations for the sexes together and apar£
for each of the bones studied. The five important variables
for age estimation from the femur with the sexes together,

are cortical thickness, number of osteons, percentage area
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of osteons, aggregate osteon perimeter and the individual
osteon perimeter. The resolution of the age estimates are
from =9 years to X7 yvears., The reference sample consists
of 116 individuals of both sexes in equal proportions.
However, the ranges of age are predominantly in the older
age groups with mean ages in the seventies for both sexes.
This, therefore, does not offer a good sample across all

ages.

The most recent method has been developed by Samson
(1983), His reference sample suffers from the same
preponderence of old individuals, particularly in females.
. He makes use of the measures of the number of secondary
osteons and the mean haversian . canal diameter. His method
is applicable to males only, as he found no measures, or

combination thereof, provided an adé;uate age estimate in
females., The method gives ‘a resolution of Z6 years. ﬁhis
method again does not demand great clarity of detail
from the section. Samson (1983) applied his method to the
males from two archaeological samples and found good

correspondence with the general age categories provided

from other criteria of aging.

1.5.5 Degenerative Joint Disease of the Spine.

The growth of bony lips or osteophytes from the
margins of the vertebral bodies is well documented to
correlate with chronological age. However, osteophytosis,

as this particular form of degenerative joint disease 1is




often called, is known to be influenced by many other
possible local factors, particularly mechanical stresses
on the spine. In the absence of other methods for aging
older individuals the development of osteophytes could offer
a means for making some differentiation amohést the older
age groups, even if only into large general categories
comparable to those given by Brothwell for dental attrition.

Stewart (1958) studied a large sample of spines of
known age from the Terry collection and the Korean wax
dead:

87 male 38 - 84 368 male 17 - 50

17 female

Unfortunately, as so often, there was only a very small
sample of old individuals, and even fewer females. However,
Stewart was able to make some assessment of its potential
use and limitations. It was recognized that a small
pfoportion of a population will never develop osteophytes
even by the eighth decade and some individugls nay
develop severe forms unusually young. Stewart notes that an
absence of his second severity grade will most likely
indicate an individual under thirty while the presence of
grades 2 and 3 will be characteristic of the forty plus
age group. The intensification of the 6ste0phyte development
is not, however, necessarily manifested by an increased
severify indicated by larger osteophyte formation but
rather by an increase in the number of segments involved.

{Stewart, (1958). makes this interesting observation but does




not follow it up as a means of aging but‘continues to refer

to severity. Stewart (1958) also mentions that the facet

joihts of the spine become more and more involved after

forty, but again does not follow this observation up in

specific discussions of using the degenerati?e changés for
agimg purposes.

In studying spondylolysis in Eskimo spines, Stewart
(1953) ages his sample into rough age categories on the
basis of osteophytic formation. He does, however, assume
an age of onset, comparable to a white population, of 30
and a moderately severe stage as occurring by 40. His
categories are broad and do not differentiate individuals..
beyond 40..It may be possible to adapt a Miles-style
strategy of callibrating the age of oq;et against other
aging methods in younger individuals to assess the rate
of development specific for the study population. The idea
of increased involvement of joint number could be followed
up to make a wider scale, and more specific ideas of the
variation within a population of the age-related

degenerative changes.

1.6 Cverview of Aging Methods.

Various assumptions axe made in the development of
methods of age determination and their application across
a range of populations. Aging methods based on quantitative
data provide regression eguations to compute the chronoage

from the biocage measures., This is the case in the age




determination methods based on measures of bone structure.
The use of regression equations assumes the age-related
changes of bone structure proceed regularly throughout
all stages of life, known not to be true, but seen as an
acceptable compromise losing some accuracy in favour of
simplicity.

The qualitative méégég;ﬂB;;;;“;;m;isual assessment
suffer from a similar problem. The length of tim2 necessary
for a sufficient degree of change to occur that visibly
distinguishes one category from another can be assessed in
the modern control populationuwiihout forcing a false
.pattern of steadily continuous change as in the quantitative
methods. However, the equivalent problem is that the
relative times taken for the changes to occur from
category A to category B to category éﬁmay be totally
different in populations other than the reference population.
fhis is seen in the use of dental attrition and pubic
symphysis metamorphosis. The need for some means of internal
callibration for any population along the lines of the Miles
method of dental attrition is thus emphasized. This would

apply to any use of degenerative joint disease also.

Many of both the qualitative and quantitative methods
make no distinction between the 'sexes. Again the assumption
of .identical biological aging processes across both sexes
in some cases is justified by simplicity if differences are
not great. However, because there are no great differences

in the modern control sample there is no guarentee that this
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is equally true in another population. Again, some means of
callibration against age estimates from the more accurate

subadult measures could be developed.,

The various methods make use of different skeletal
elements from one another. The relative rates of aging of
these different parts one. to_another will not necessarily
be a constantiacross populations nor across the sexes. This
means that the method with the best correlation of bioage
measures with chronoage in the control sample’may be totally
inadequate in another situation and population. However,
compariséns of one method with another could provide a means
of assessing population specific rates of change of any
single measure thus providing some level of calliﬁration,
even if only relatively, in older groups. Alternatively,
the use of many methods can prqvide a number of rangeé of
age estimates from which a narrower range can be derived |

through ovexlap.

Most reprts of mortality in a_populati;n appear to use
only one or two methods. The complex method of Acsadi énd
Nemeskeri (1970) is an exception to this, using four
measures of age, cranial sutures, pubic symphysis,vand the
proximal epiphyses of the humerus and femur. The complex -
mméthod was recommended by the European confereﬁce (1981)
as a common practice in an attempt to promote some ﬁind‘of

consensus internationally in approach to age assessment.
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In summary, a broader scan of age estimates would
provide the needed information on differences of biological
aging measures between the sexes and to one another, can
indicate the reliability ofrany particular method for the

specific population and can complement one another, thus

reducing the resolutions of an age estimate.
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Chapter 2. BONE STRUCTURE AND AGE~RELATED CHANGES.

2.1 Anatomy.

Bone structure can be studied at two levels. The
external level concerns features of gross morphology such
as size, shape, weight and overall density, whereas the

internal level involves parameters of the microscopic
structures within the bone such as measures of cellular

structures (Villanueva et al., 1963).

There are two forms of bone in the skeleton: cortical
or compact bone made of dense solid ug}ts such_as that found
in the tubular shafts of the long bones, andrcancellous or
trabecular bone, which has a more open structure with bone
formed in strands called trabeculae. This kind of bone is
found parficularly in the long bone heads and in the
vertebral bodies. The bones most widely usea for age
assessments from their structure are the long bones. Theée
have been studied for age-relatedA changes at both external
and internal levels, The long bones of the skeleton are the
femuf, tibia, fibula, humerus, radius, ulna and clavicle
and are all built on fhe éame basic design of a long

-tubular structure.

In the embryo the long bones are first represented by

a cartilaginous model which then ossifies from the centre
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outwards in both directions length-wise. Other centres of
ossification in the embryo arise in the epiphyses, which
are bone caps at each end of the bone, separated from the
5one by a cartilage endplate. At birth, the cartilage model
of the long bone has completely degenerated and been
replaced by bone. The bones then continue to expand in
length by bone deposition beneath the cartilage endplates
until the final adult length is attained in adolescence.
At this point, the epiphyseal bone caps fuse onto the main

bone shaft and lengthwise giowth ceases.

The middle portion of the bone shaft is termed the
diaphysis and the areas between the diaphysis and epiphyses
are called the metaphyses. (see Fig. 2.1). The buik of the
bone of the shaft is the dense, cortical bone. There is only
a small amount of cancéllous bone located mainly at the
epiphyseal ends. The central cavity houses the bone marrow
and is called the medullary cavity. In cross-section the
cqrtical bone of the shaft is seen as sandwiched between

the outer and inner borders referred to respectively as the

periosteal and endosteal surfaces (see Fig. 2.1).

Thin cross-sections can be taken from the bone shaft,
ground down and examined microscopically for details of the
- internal bone structure (Frost, 1958). The first bone,
formed in the embryo is called woven bone. This hasﬁ
relatively large vascular spaces and the bone cells are
randomly arranged in the bone (see Fig. 2.2)., This form is

soon replaced by bone formed in layers, or sheets called
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FIG. 2-1 LONG BONE ANATOMY
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lamellar bone. In the human long bones woven bone is totally
replaced by lamellar bone by two to three years of age. The
layers of sheets of bone run parallel to one another and aré
visibly distinct as the orientation of the collagen fibres
is different in adjacent layers or lamellae (Portigliatti

et al., 1983)., The first lamellar bone is laid down in
straight, parallel sheets with wvasecular- canals, known as
non-haversian canals, scattered throughout the bone (see

Figo 2-2).

The characteristic adult human bone which replaces the
straight-lined lamellae of childhood, has‘vascular canals
called Haversian canals with the parallel lamellae and bone
cells arranged concentriCally_around it forming the
Haversian system or secondary osteon (see Fig. 2.2). In
adult bone Haversian systems can be seen along with remnants
of the childhood straight-~lined lamellae, referred to as | |
circumferential lamellae (Kerley, i965,1969). Similarly
complete Haversian systems are found together with remnants
of previous Haversian systems that have been partially
resorbed»where the new system has been formed. These remnants
are called interstitial lamellae or osteonufragments_(Kerley,

1965,1969) (see Fig. 2.2).

The processes called bone remddelling, whereby»bone is
resorbed and new bone deposited,; begin 1in the embr?o as soon
as the first WoVen bone has been formed and would appear to
serve at least three functions., Primarily,; it permits

alterations in the bone structure to respond dynamically




to mechanical demands placed upon it both during the course
of growth and subsequently throughout adult life. Secondly,
the bone provides a mineral store from which minerals can be
resorbed into the blood stream when required (Urist, 1964).
Finally, areas where remodelling occurs are often those
showing natural, non-pathological bone necrosis. Remodelling,
thus, allows replacementuornregenération at these sites

(Enlow, 1962).

The first of these functions drawsi upon the prinéiple
known as Wolff's Law. This, simply stated, proposes that
bone will be resorbed where pressure is placed against it,
that is.under compressions and will be formed in response
to pull, that is under tension (Lovejoy et al., 1976).
Evidence suppoxrting this hypothesis comes from many studies
of bone structure and shape at the external level (Lovejoy
et ale., 19763 Jungers and Minns, 1979; Cﬁr:ey, 1968;

- “Amtmann, 1971). There is a growiné body of evidence that
the Haversian systems are also involved in response to
stress at the internal level. Portigliatti et al. (1983)

" studied the distribution in femoral cross-sections ofr
Haversian systems classified into types by the piedominant
orientation of their collagen fibre bundles, an important
component of all connective tissues. Those with ..
iongitudinally arranged bundles appear dark.under
polarizing light, whereas those transversally orien£ated
appear lighte. Longitudinally orientated collagen fibre
"bundles are resistent to compression. Similarly, compréssive

forces operate on the femur bone shaft medially and . .



posteriorly while tensile forces operate laterally and
anteriorly. A prevalence of transverse types of collagen
bundles were found in the compression regions and the
longitudinal type in the areas of tension, thus supporting
the hypothesis that internai structure also féépbnds to
mechanical demands. In addition, the level of calcification
in cross-section was found to be lower in the areas of
tension rathef than in the compression areas. Low =1 i7" . i
calcification is usually interpreted as representing

new bone formation, so Wolff's Law is vindicateéed by
evidence of new bone formétion being stimulated by tensile

rather than compressive forces in internal structure

(Portigliatti et al., 1983).

The second function of bone as a storage system for
minerals directly explains a function ;f the Haversian
system rather than bone in general. The study of the
evolution of bone through examination of structure of the
earliest skeletal animals, suggests that the first were
those with exoskeletons. These did not have a capacity for
resorbing bone, although the form of bone was of a laméila
nature. (Frost, 1964).VWithout resorption, a reliance for
minerals is placed on a chemical continuity with the
external environment forming what is termed the open-cycle
chemical system. This is all very well if the external
envirénment contains the required minerals. Even then much
energy is put into filtering out the needed minerals as

against anything else present. The use of resoxption from

the skeletal store appears to offer a more economical means
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of gaining minerals, particularly rare ones such as
phosphorous. The bone forms a continuum with the body
fluid in this arrangement, the two operating as a single
physiological unit in a closed-cycle system (Urist, 1964).
The primacy of resorption over formation, in most modern
vertebrates, in the sense that resorption always preceds
the formation of bone further points to the evolution of
remodelling.'as a means BfJ§5¥¥1ﬁ§_£f‘ﬁiﬁerals and then

replacing the store where possible (Frost, 1964).

The association observed by Enlow (1962) between
necrosis and remodelling strongly suggests the third role

. of remodelling as a regenerative process.

Chemically, bone has two main components: the organic
which comprises the bone matrix and thé inorganic of bone
minerals. In the process of bone formation, the bone matrix
is laid down first, forming the basic framework within
which mineralization takes plaée, producing the
characteristic rock-hard appearance of bone._ The
combination of these two parts, organic and inorganic, acts
as a composite material in the same way as fibre—glass,

conferring properties of elasticity and strength to the
bone beyond those of either component individually

(Curxey, 1962).

The bone matrix is composed of 2 substances, the
major portion being the fibrillar protein collagen, and

the rest the so-called ground substance. Collagen represents




about 95% of the bulk of the bone tissue and it is the
collagen framework more than any other part of the bone
matrix which gives a bone its shape. Collagen is formed
by aggregations of the macromolecule, tropocollagen. This is
made up of three polypeptide chains which spiral. to the
left around each other forming a triple helix. The entire
helix in turn spirals to the right around a common: central
axis. Two of the chains ~are the same and are referred to
as alpha-ane chains whereas the third has a higher
proportion of basic amino acids and is known as the alpha-
two chain. The amino acid residués.bf the polypeptide chains
can be charged positive, negative or neutral. The
idistribution of charge along the tropocollagen molecule is
asymmetrical giving it a top and a tail and creating five
bonding and 4 non-bonding zones along its length. The
tropocollagen molecules aggregate sidezby-side length-wise
with the charged regions being aligned. Any one bonding zone
of one mmlecule can bind with any one of the adjacenf
molecules allowing some flexibility to the protein's
morphology. This alignment gives collagen its fibrillar

nature.

Analysis of the ground substance breaks it down into
a non-collagenous protein and a complex of mucopoly-
saccharides, mainly chondroitin~4-sulphate, chondroitin-6—
sulphate, keratan sulphate and sialic acid. It is believed
that changes take place in the ground substance in areas of
the bone matrix where minerélization is about to commence

and where bone matrix is to be resorbed. So although the




function of the ground substance is not yet understood, it
would appear to play some kind of role in the mineralization
of bone., It may also serve to provide molecular bridges
between collagen fibrils,; a ;ole demonstrated for ground
substance in the cornea which may éfo;e t£;é>&biéﬁitoﬁsly in
collagen of connective tissues, A further suggestion is that
as the ground substance seems the best candidate for holding‘
and releasing water because of its all-pervading nature,

it could serve as the agency through which the water content

of bone matrix:.is regulated.

The mineral portion of the bone is made up of calcium,
;phosphate and hydroxyl ions and the structure of the needle-~
fshaped bone crystals resembles that of the apatites. Bone
mineral is variable in its structure for a number of reasons.
bFirst,'calcium can be replaced by other elements such as
strontium, barium or magnesium and likewise hydroxyl can be
replaced by bicarbonate or fluoride. Secondly, the crystals
formed are exceptionally small and thus have a large
surface area relative to their mass which allows various

ions to attach to the surface, again giving a variable -
composition to the bone. Nevertheless; the basic formula
for the bone matrix can be given as hydroxyapatite:

CalO(PO4)6(OH)2

and the process of mineralization can be viewed as one
essentially of calcification. There is a time lag between
the deposition of bone matrix and its calcification. The
bone crystals develop within the collagen framework

surrounding and impregnating the collagen.fibxes and there is
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some evidence of direct co-valent bonds between the two. The
factors initiating and regulating the development of the
crystals are little understood as yet. It seems likely that
collagen plays a large part, but thevexact.rgiel_whether

active or passive 1s unknown.

The factor which must be._seen-as-of prime significance
is the cell responsible for bone formation, the ostecoblast.
This bone-forming cell is believed to secrete bone matrix
and: possibly orientate the collagen fibres during this
process. Again:its exact role on the calcification process
is unknown. As bone deposition is in progress, osteoblasts
may become trapped in the growing bone and are then known
as osteocytes. These cells, set within the bone in lacunae,
at relatively great distances from the.blood vessels would
appear to face difficulties in obtaining nutrients and in
disposing of waste products. However, they appear to-
communicate with one another and ultimately with the blood
vessels by small procésses called canaliculi. The
appearance of osteocytes varies from those &hich greatly

resemble the osteoblast to those which have very 1little
development of the cellular organelles. The more deeply
placed and presumably oldest osteocytes are those with the
least developed organelles and it is assumed that the
younger, more developed osfeocytes have osteoblast functions
of secretion, whereas the older have become more ina;ctive°
It has also been suggested that osteocytes may change.to
perform an opposite function to the osteoblast, that is

a resorption of bone matrix and mineral QOrfner, 1975;
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Belanger.et al., 1963). The bone cells recognized as
responsible for bone resorption are referred to as osteoclasts
(Blackwood, 1964; Bourne, 1971; Frost, 1964; Hancox, 1972;

MacLean and Urist, 1968).

The processes of remodelling at the two levels,
although interrelated_eﬁgé?if;fgﬂsmgggfee qf independent
action, as discussed by Villanueva et al. (1963).

External gross shape from growth is completed around
17 - 20 years of age and although remodelling from
endosteal and periosteal actia continues to provide
modifications these are very minor compared to the change< in
. shape and length of childhood growth. The age of fusion of
the epiphyses . .at early adulthood marks the end of the
growth phase and constitutes a major point of change in types
of external rembdelling. Internally, by contrast, there is
no such dramatic change at 17 - 20, but a later point at
around 35, where a reversal in remodelling trends is
observed (Villanueva et al., 1963). On the other hand,
observed changes in gross density throughout life could be
explained by both external alterations and internal
précesses, indiCating‘a direct relationship between internal
and external --density being counting as an external
Tparaneter (Thompson, 1980). However, most find it useful
to treat the two levels separately for analytical purposes

and this convention will be followed here.
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2.2 Internal Remodelling.

At internal level, the processes of resorption and
formation of bone can be stg@ied at the level of the cells
responsible for these activities. The?e”éxiét_awéopﬁlétion
of precursor cells, or osteoprogenitor cells mesenchymal
in nature which do not resorb or form bone themselves but
carry both these potentials and can be stimulated into
‘action. In the formation of a Haversian system, bone is first
resorbed, the osteoprogenitor cells stimulated into resorptive
activity as osteoclést cells. Resorption is focal in nature
and it is thought that the activity of a resorptive focus
fwill inhibit production of new foci in the vicinity in a
| negative feedback system (Sedlin et al., 1963). Resorption
occurs eithexr from osteoclasia moving g?ntrifugally in a
pre-existing Havexsian canai, or else proceeds inio the
cortex from the pefiosteal or éndosteal surface. The
resorptive activity progresses rapidly, once begun, to form
a large space the size of the future osteon (Sedlin et al.,
1963). Then there follows é transitional period of inactivity
between the completion of resorption and the start of new
bone matrix formation. The final stage is the onset of the
appositioﬁ of the new bone matrix. Bone is formed by
osteoblast cells, derived from the osteoprogenitor
population. Matrix is formed first followed, about fourteen
days later, by the commencemenf of mineralization (Villanueva
et al., 1963). The layer of unmineralized bone matrix is

referred to as the osteoid seam and is characteristic of

forming osteons.,
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The mechanism by which osteoprogenitor cells are
stimulated into osteoclastic or osteoblastic activity is
not at all understood. Basset (1964) stresses the necessity
to have both stimulus and available nutrients for osteoblastic
activity., Stimuli may come from biomechanical action'or
from chemical sources. Bone crystals share with other
crystals the property of piezoelectricity, so that
stimulation of bone remodelling could arise from stress or
injury induced electric potentials (Korostoff, 1977;
Jendrucko' et ale., 1977; Pfeiffer, 1977a, 1977b; Bassett,
1964). This would fit neatly with the obser&ed increased
remodelling in areas of tensile stress and greater bone
 formation. The cells appear to have a negative feedback
process whereby resorption halts after a certain degree
has occurred. It is suggested that the_stimuli to osteoblastic
action could come directly from the decrease in aqtivity
of the osteoclastic cells,‘Resorption and formation are-
not normally seen simultaneously in the same focus, except
in the case of the so-called waltzing cell, where resorption
is occurring on one side of the system whiléhnew bone is
being formed on the other (Sedlin et al., 1963); Enlowr
_(1962), as mentioned earlier, suggests dead cells may have

the potential to stimulate remodelling.

Hormonal influences can be seen to be involved at the
level of providing nutrients for bone formation and may well
be responsible for stimulating resorption when the body

fluids are low in minerals. The parathyroid hormone - vitamin

D complex is involved in the regulation of calcium ion
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concentration and calcium balance, and oestrogen is

involved in the control of the synthesis of calcium -

yolk ~ protein complexes. These two hormones are found in
vertebrates having bone remodelling skeletal processes and
are likely to be factors in remodelling control. A suggested

connection between gonadal hormones and bone cell activity

is discussed by Villanueva-et-al..—{1963). The gonadal output
is inversely related to the number of osteoid seams, so if
such a relationship exists it would be one of a suppressive

action of the hormones on bone remodelling.

Over any given area of bone or in the entire skeleton,
fjthe amount of resorption and/or formation and fherefore of
overall level of bone mineral present can be seen'as the
outcome of several contributory factors. The quantity of
bone being resorbed at any time depends on the numbers of
new foci béing introduced, the rate at which each focus is
produced and the size of the focus (Sedlin et al., 1963).
Within any single resorption space, its size will in turn
depend on the number of osteoclastic nuclei,‘theirate at
which these resotb bone and the functional lifetime of these
nuclei (Landeros and Frost, 1964). Formation of bone depends
on equivalent features of osteoblastic action. The overall

'product in terms of amount of bone is a result of a balance

of these factors.

It is well known that a feature of increasing age is
a large amount of bone loss seen from extermnal observations

of bone (see later). Age studies of bone changes from the
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internal level have also been made with a view to explaining
relationships between resorption and formation and the
changing nature of these relationships throughout life.
Microradiography provides information on the degree of
mineralization of an ostéonnsystem{ Ahpfinol(1963)'relates
the degree of.mineralization to the age of the osteon,

but recognizes that there might be differing rates of

mineralization throughout life giving a false impression

" of new bone formation. Jowsey (1960) studied a small sample
of 24 of femoral cortical sections from the diaphysis.
Young individuals exhibited a large number of resorption
spaces and a high % of low mineralized cells indicating a
“high bone turnover rate. Young aduits, by comparison,
exhibit a remarkably low bone turnover rate, with very few
of the Haversian systems showing mineralization at a level
less than 75% of full mineralization.lfhe later age groups
manifest a gradual increase in the amount of resorption,
éspecially endosteally. By 70 years of age, up to 25% of the
endosteal su;face was observed to be undex resorptibh.
There bs very little evidence of concomitant‘new:bone
formation with few osteons of less than 75% of full
mineralization. The bone shows great local variation in
mineral density and porosity. The observations of plugged
canals and lacunae, representing hypermineralization, are
low in frequency in young adults. In old ages,; there are a
c0nsidérablé number, particularly in the periosteal portion

of the bone, Nonetheless,; some elderly individuals show

none of these plugged structures at all.
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Similax age—related.changes are recorded by Frost and
his associates in their many publications. Villanueva et al.,
(19632) recorded the number of active osteoid seams per mm>
of bone tissue throughout life, representing the number of
remodelling foci. Their sample was-ffémutﬁé;£i5g>éf 76 males
and 62 females aged between one month and eighty-four years.
The numbér was highest in_ infancy, gradually decreased to
the lowest point in the mid - late thirties followed by an
increase to a second peak in the seventies. No differences
were explicable by sex or origin of the sample, so
appeared to be purely age-mediated. Sedlin et al., (1963)
concentrated on the ﬁumber of resorption spaces and type.
5gType was classed as 1l. resorbing 2. transitional and 3.
starting formation. They report a similar pattern:of a
frequency that is high in infancy, decreasing to thirty-
five followed by an increase in older ages. The completed
resorption spaces (type 2) are lowest in childhood, but
constant in the rest of life. The early resorptive stage
decreases in relative frequency throughout life, while the
final stage is highest in infancy, decreasegito the late
thirties, undergoes a slight increase thereafter then
decreases again in the oldest ages. The overall picture,
‘therefore, is of rapid osteoclasia in the child. The
increased % of early foci in older individuals suggests
the development rate of reéorption foci slows with age.

This is presumably from either a decrease in the efficiency
or in the number of osteoclasts. The relationship in
absolute numbers or the type 3 spaces to the type 2 suggests

an increase in the lag phase with age.between completion of
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the space and initiation of matrix formation. However, such
an increase in time from the beginning of resorption to the
beginning of forﬁation is not sufficient to explain the
observed increase in numbers of resorption foci with age,
therefore a real increase of resorption activity appears to
be occurring with age. Jowsey et al. (1965) also examined
the relationship between resorption and formation in a
nunber of different bones and reported a decrease in
turnover up to the thirties, then an increase in both
resorption and formation in the forties and fifties,
consistent with the slight increase in type 3 spaces of
Sedlin et al. (1963). After fifty, formation was observed
' to remain constant while resorption increased by as much

as a factor of two.

Sedlin (1964) reports that counts of dead osteocytes
in ribs revealed that the number is lowest in infancy,
increases up to the mid-thirties and then remains relatively
stable. There is no evidence whether this represents a
cause or effect of the remodslling process, but it does
appeai that a stable relationship Qf living to dead cells

is achieved through middle and old age.

These studies of bone turnover are summarized in
Table 2.1, The overall picture is of high bone turnover
in children, much resorption followed immediately by
formation and socn resorbed agains Turnovexr decreases to
the thirties, both resorption and formation very low in

activity. A lag is thought to develop between resorption and
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Table 2.1, Age-related Changes in Internal Observations of
Bone Turnover.

Age Group

Children

Young Adults

(to 35 - 40)

Middle Adults

(40 - 50)

0ld Adults

Bone Activity

HIGH AND RAPID TURNOVER:

Large no.

of resorption-spaces -

High % of low mineralized osteons

High no.
High no.

of osteoid seams
type 1 resorption spaces

High no,.type 3 resorption spaces

Low no.
Low nos

type 2 resorption spaces

“dead osteocytes

VERY LOW TURNOVER:

High % of high mineralized osteons
Low no. of osteold seams

Low no. of type 1 resorption spaces
Low no. of type 3 resorption spaces

Higher no. of dead osteocytes

INCREASE OF
FORMATION:
Increase

INCREASE IN
Increase
Increase
Increase

LAG BETWEEN RESORPTION AND

in type 2 resorption spaces

TURNOVER s

in no. of osteoid seams

in type 3 resorption spaces

of both formation and resorption

INCREASE RESORPTION OVER FORMATION:

Increase
High% of

of resorption (endosteally)
high mineralized osteons

Resorption increase by x2
Formation -constant

SLOWING OF FORMATION:
smaller daily increments of bone
deposition



formation. A slight increase is observed in both resorption
and formation, but Whereas resorption continues to increase
in activity,vparticularly at the endosteal surface,
formation does not, so a real increase in resorption is seen

and therefore bone loss after forty-five.

Frost (1963) used tetracycline labelling to measure

the amount of new bone formed per day from the mean daily
decrease in the diameter of the Haversian canals of

actively forming osteons. He found that the mean values of
the diameters were relatively constant throughout a
fifty-five year span studied in the ribs. The mean canal

/ diameter in a mature osteon (one completely formed) was
46fl~and at the commencement of formation is 1924t . The bones
of the appendicular skeleton were unifqrmly about 25%

larger. Although the size of a mature canal is constant
?hrough life, the time'taken for:it to form differs with age.
The amount of new bone formed per day was 1‘57}& at age 7°5,
thereby needing 42 days to reach completiocn. By 43 the

amount of bone laid down per day had decreased by 40% to
O-93ﬁ4, requiring 79 days for complete formation. This
finding corresponds to the report of a delay between ::: . -1
resorption and formation, further indication that the

whole turnover process of resorption and formation takes

longer with increasing age.

Finally as regards turnover patterns, Kelin and Frost
(1964) plotted the circumference measures of osteoid seams

against the'frequency with which each was found for each
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decade up to eighfy. They found no differences between the
curves found for each of the eight decades. This suggests
that little age change occurs in properties of the
osteoblast in composite, that is in the actual formation
process., This is suggested élso by>thé coﬁsféﬁf.éize 6f a
fully formed osteon cahal throughout life described above.
Changes in the bone cel}ﬂ§¥ifgp_53}ated_to age are proposed

to be located in the population of osteoprogenitor cells,

rather than in the active bone forming cells.,

Different bones exhibit certain absolute differences.

Jowsey et al. (1965) note the greater turnover in the

‘ anterior iliac crest compared to the posterior crest, the
femoral mid-shaft and neck, ribs and vertebrae. The rib
differs from the others by not exhibiting the noticeable
increase in resorption after 50, Barer and Jowsey (1967)
report instead a rélatively constant relation between

formation and resorption, but one where resorption is ::-:
constantly higher by about 1% from 20 - 80 years of age.
Frost (1963) found the mean size of osteons to be 25%

larger in the appendicular skeleton compared to the ribs.

Jowsey (1960) compared different paxrts of the same
femoral cross-section in a study of degree of
mineralization. The cross-section was divided first into
quadrants, then each quadrant into thirds. Thirteen cases
examined for all parts with no significant differences
between the thirds or the quadrants. The section was also

divided into thirds around parallel to the perimeter
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giving a periosteal/middle/endosteal division. Differences
are noted between these three with resorption being
particularly high in the endosteal region of older subjects
and the perdosteal region having a higher level of

hypermineralization.

Although a number of the studies discussed describe
the sample in terms of number of males and females no
discussion is made of sex differences, by conttast to those
of external bone change. Villanueva et al. (1963) alone
state that no sex differences were present. It is uncertain
whether the absence of discussion of sex differences in
' other papers implies there are none or . that this has not
been investigated.

Bone remodelling can be affected by a numbexr of disease
processes. Rickets invoives the presenée of wide borders
of uncalcified matrixe. This represents the opﬁosite extreme
to hypermineralization mentioned earlier and occurs in the
same sites, arocund 'osteocytes: and canaliculi implying
these are significant sites for the prbcess of mineralizétion
given the necessary nutrients of calcium and phosphorous
(Jowsey, 1964). In Paget's disease, bone turnover is veiy
high (Jowsey et al.; 1965). Formation of bone is decreased
in Cushing's disease and after the administration.of
corticosteroids, but the resoxrption levels undergo a
threefold increase so are still the important factor in
| boﬁe loss (Jowsey et al., 1965). Landeros and Frost (1964)

examine the remodelling of bone in sufferers from diabetes
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mellitus. The average size of a diabetic osteon is normal,
but the rate of closure as it forms is longer than normal.
They calculate the slower rate of formation is 2°8 x the
normal rate at any age. The disease appears to depress the
rate of bone formation. Sedlin et al. (1963) selecting a
normal sanple excluded cases on the following grounds,
recognizing their possible influence on bone structure
changes: chronic renal, hepatic, pulmonary, endocrine or
febrile disease, congestive heart failure, disorder in
calcium or phosphorous metabolism, bed-ridden one week o¥
more before sampling, or recipients of radiotherapy,
horhonal or cytotoxic agents. The best documented pathology
{’involving bone loss is osteoporosis. Jowsey et al. (1965)
record a greater level of resorption in osteoporofic

than in normal aged individuals, whereas formation remains
equal in both groups (Jowsey, 1964). Further discussions of
factors involved in osteoporosis will be made at the end of
the next section on external remodelling.

2.3 Internal Remodelling for Aging Skeletons.

Changes are seen to occur systematically with age in
the processes of internal remodelling. However, the age-=
related changes are not constantly in the same direction -
with increasing age. On the contrary, the change in turnover
rate decreases with age to the mid-thirties but then!
increases for a short time before the final stage of

imbalance between the two components with a vastly greater

increase in resorption. Methods developed on samples of
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predominantly older individuals will therefore tend to be
based on one end of the age-related pattern of change only.
None of the specific measures used in the age assessment
methods are discussed here with the exception of mean
canal diametex, but it is predicte& £ha; éiﬁ;;—fﬁe ovérall
processes of remodelling show a decrease/increase pattern,

many of the measures of structures may also do the same

in relation to age.

The mean osteon canal diameter used by Samson (1983),

is discussed to some extent as a part of bone turnover rates.
The formation of the complete osteon takes longer in old
- individuals than young, so it might be supposed that the
mean canal diameter will be found to increase wifh age.
This would only be the case if the:number of newly forming
foci were constant. This is seen not to bz the case, a
reduction in formation occurring with age to the mid-thirties,
followed by a slight increase whereafter it remains

constant. The proportion of osteons of almost full
mineralization is high in all adult ages. Ifﬂmight

equally well be expected, therefore, that the mean canal
diameter will decrease from adolescence/young adulthood

to old adulthood. Here again the predominantly old sample

of Samson (1983) may give one trend, whereas over the

course 6f a lifetime a number of different trends would be

found.

Diseases of various kinds are found to affect the rate

of bone turnover and may therefore distort age estimations
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derived from structural measurese.

No differences were found between points taken around
the femoral cross-section, suggesting that it is of little
importance which part of the section is”ﬁéeé;A;;“Samsén
(pers. comm.) also claims. However, it is important which
of the two surfaces is used. Marked differences are found
in activity at the two, resorption being particularly
marked endosteally. All of the methods to be examined take
the measures exclusively from the periosteal margin,
thereby avoiding to some extent extreme fluctuations caused

by increased resorption in cases of disease, malnutrition

' or osteoporosis.

None of the methods to be examined here make use of
measures of mineralization, which are widely used by the
medical researchers. As this inyolves microradiography, this
would complicate the procedure and increase expenses so
are presumably avoided for these reasons. Finally, none of
the-studies of bone turnover record any sex‘differences.

It is not evident whether this results from there being none
or from no consideration of the issue. The researchers
discussed here are very thorough on most aspects and it is

more likely that sex differences are not mentioned because

none are evident. The use of the same methods across the

sexes may thereifore be justified.




2,4 External Remodellinge.

The effects of external remodelling in relation to
age can be seen in changes With age in the overall shape
of bones. Arnold et al. (1966) desériﬁeéicﬁéﬁ;ééuin‘tﬁe
vertebral trabeculae which became thinner with age.
Atkinson (1969) stated that the commencement of resorption
of the transverse trabecular network occurs before growth
is ended once the vertical struts of the body are formed. The
vertical struts only start to be resorbed after 50. Acsadi
and Nemeskeri (1970) similarly examine the heads of the
femur and humerus ahd describe the thinning out.of the
;trabeculae with age. Atkinson (1969) decribes an "axial"
shift in the femur alignment as a result of age-related
remodelling. At the head of the femur bone is resorbgd
medially and formed laterally, whereasrat the distal end,
the oppositeée is the.case with lateral resorption and medial
formation. Thus the head end shifts lateraily while the
distal end shifts medially. The young femur shaft is vertical
but this axial shift moves it to an oblique—gngle in the
elderly. The femur also undergoes a rotational shift
leaving the increasingly porous areas in a spiral pattern
through the bone. In the mandible bone formation on the
outer surfaces enlarges the basal part while the upper
portion undergoes resorptién to remould the alveolar
ridge, The resorption occurs first around the teeth and
later extends to a large part of the buccal surface while
the basal portion remains dense producing a marked

contrast in the distribution of porosity in the mandible.
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Studies of bone density from ashing and/or weighing the
bone give results comparable to those of density studies
by microradiography. Arnold et al. (1966) find an increase
in the volume of ash in both sexes up to 20 fp;lowed by a
decrease in the vertabrae. The rib showed a higher density
at all ages than the.vertebrae but the content decrease
after early adulthood in .the..same manner as the vertebrae.
In each individual, however, differences in ratio of
_vertebral:rib ash were observed, those with osteoporotic
vertebrae did not necessarily also have high rib loss.
The lowest ratios, i.e. the highest vertebral mineralization
was noted in robust and muscular males who engaged in
" much physical activity. Overall no sex differences were
noted. Thompson (1978) from a study of 19 parametérs of
external and internal bone stfucture finds core density
measured as weight/volume the least correlated parametex
with age. A significant decrease is observed in females
of densityvand of bone mineral content measured by 1251
photonabsorptiometry. These two were observed as a
non-significant decline in males (Thompson;>1980).
Whites were compared{with four groups of Eskimo data for
those two parameters and no significant intragroup sex
differences were found amongst the Eskimo and no
significant differences amongst any of the groups.
DequekeX (1972) reports nd-difference with age of the ash
weight of bone, nor any difference in the Ca/P ratid with
age, although there-was an inverse correlation of calcium

and phosphorous levels with porosity. Trotter et al. (1960)

studied density from the weight/volume ratio in the
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vertebrae and sacrum, the humerus, femur, tibia and ulna in
80 skeletons of 40 white and 4@ black aAmericans with 20
in each sex~race group. The sample covered a range of ages.
The four sex—~race groups all showe@ a_decrg§§9AWith age
in density with no differences in rate from one another,
suggesting-a parallel and uniform rate of loss. The blacks
had denser bone overall-than whitesj the long limb.bones

~were denser having more cortical bone than the vertebrae.
The bones with the highest densities were tﬁe radius, ulna
and tibia showing no significant differences from each
other. Next came a group of femur, humerus and ribs. These
first six bones do not differ significantly in mean

: density to each other in the females, but the second group
differs significantly in males. In the spine, the cervical
vertebrae are more dense than the rest.of the spine and
this is significant in males. It might have been predicted
to find an increase in density from the cervical downwards
of weight-bearing was an important determinant of densitye.
That this is not so suggests density is more related to

structure than to function.

A vast literature exists on changes in overall cortical
thickness with age, representing as it does the most

easily measurable parameter.

A great deal of work in this area has been done by
Garn and his team. They have collected data from a large
number of populations and analysed the results in

considerable detail. An overall pattern of bone loss with




age and sex emerges from such studies and recurs in the
literature repeatedly (Dequeker, 1972, 1975; Jowsey et al.,
1965; Virtama and Helela, 1969) regardless of population or
socioecononmic status (Garn,_1973)._At all ages males have
thicker.cortices than females. At birth cortical thickness
is increasing,; but at some point during the first year
undergoes a period of bone _loss. By the first year, however,
this is reversed and cortical thickness increases again.
The period of infantile loss may last 3 - 6 months. It is
due to a slowing in the rate of both periosteal gain and
endosteal loss, with periosteal gain slowing faster than
the endosteal activity. From age one through to adolescence
" there is a steady increase in cortical thickness, this
increase being greater in boys fhan in girls. At adolescence
a growfh spurt in cortical thickness is, detected in both |
sa¥es, but unlike most growth pafameters which have larger
and longer adolescent spurts in the male, the cortical
~thickness carowth spurt is more marked in the female, where
‘both periosteal and endosteal apposition occurs. The
increase in rate of gain in males is not as obvious but
probably carries on over a longer period . The female
therefore has a growth spurt starting earlier than males
and more pronounced, whereas males have a longer cumulative
gain of cortical bone, so that the cortical thickness in
males is always larger and by the thirties,; considerably
larger., Gain in cortical thickness continues in early
adulthood in both sexes until the thirties. At this time
the rate of endosteal resorption overtakes that of

periosteal apposition and loss of cortical bone starts
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to occur. The decrease appears to begin quite slowly in
both sexes and builds up to a maximum rate of lass in the
fifties, declining after that. There i1is a sex difference in
the cortical loss, females losing both relatively and
absolutely more bone. The sex difference . in rate of loss

is at 1ts greatest in the forties (Garn, 1970).

Garn measured cortical thickness as total diameter
minus the medullary cavity diameter on the 2nd metacarpal.
This allowed him to further analyse the data for specific
changes at the two surfaces, periosteal and endosteal.
Growth at the periosteal surface shows a similar pattern in
childhood to axial growth, There is a period of rapid

growth in the first six months postnatally, with a steady
increase thereafter until the adolescent growth spurt
which occurs at 10 = 12 in girls up until 14 and in males
at 14 lasting up to 18. The male growth spurt is therefore
about two years longer than that‘of the females. The gain
in males is also larger at this time and increases the
degree of sexual dimorphism. After adolescenée, peiiosteal
gain continues linearly at a slow rate in both sexes.
“Although the gain relative to the amount already present
is greater in females than males over this post~adolescence
phase, the male cortex is always absolutely larger in size.
The sex differences in the periosteal diametexr is 4%
larger in males than females between 1 - 12 years ofvage,
which denotes a wider degree of sexual dimoiphism than
in stature at this age. In adolescence, the difference

rises to 15, almost twice the sexual dimorphism for long
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bone lengths. From 20 - 70, the diameter values are 197%
higher in males, again still a large difference compared
b0 stature. The periosteal surface therefore follows
childhood growth patterns and has a continuing slight

increase throughout adulthood.

The endosteal surface is more varied in its'activity.
Similar to periosteal'growth in childhood, the medullary
cavity size increases rapidly in the first year in both
sexes, then slows to a steady rate in the juvenile phase.
This continues so for males well into the late teens,
whereas the females show an earlier change. The steady
increase in medullary cavity size halts at the adolescent
period and reverses as endosteal apposition occurs.
~Although this occurs ébout four years earlier in females
(14), than males (18), it is still quite late compared to
other growth spurts (10 - 12 in females). A further sex
difference is the amount of endosteal apposition.which
is far greater in females than males. This apposition
can continue through to age 30. So during aéﬁlescence
males are gaining at the periosteal surface whereas
females gain at the eﬁdosteal surface, By 40 apposition
halts at the endosteal surface and resorption comnences.
he first ten vears see only slight bone loss. The
resorption peaks at 45 - 55 and then continues, but at a
slower rate. The amount of bone loss is both absolufely

and relatively far greater in females (Garn, 1970).
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This pattern of overall gain in cortical thickness
and later loss caused by the balance of activities at the
two surfaces may hold for all circumstances but variations
exist in the amounts of bone involved, the exact median
ages of onset and the extent of the sex differences.
Examination of séme of these variations can give clues
to the mechanisms controlling the bone gains and.iOSSes;
Interest is focussed on these mechanisms by the clinical
state of osteoporosis, seemingly an extreme form of bone
loss which it is hoped to reverse or slow by understanding
the mechanisms involved in both normal and abnormal bone
loss. Allbright first suggested that osteoporosis was
-merely an extremeAresult of the normal processes, defining
the state as too little bone compared to the average for
any age, but what there is, is normal. Analyses of bone
composition in.osteoporosis seem to support the definition

(Dequeker, 1975).

Factors thought to be important in the control of
bone gain/loss cover a wide range, and suggest that the
amount of bone is the end product of numerous factors

acting along many different pathways.

Mechanical factors are thought to play some role,
although the evidence is not very strong. Study of which
bones are affected particularly by bone dynamics of érowth
find the pattern affects all bones, cancellous, cortical,
weight-bearing and non-weight-bearing (Garn, 1970). Indeed,

most studies on living samples use the metacarpal as this
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is easily H{-rayed, has a simple tubular structure, shows the
changes w211, but is not a weight-~besaring bonez. However,
bone loss is certainly increased in inactivity states.
wWhether a corresponding increase in cortical thickness is
found in over-activity states 1is as yet unknown, but thought
to be a possibility (Garn, 1970). An interesting observation
is made as regards bone loss in relation to stature. A
negative correlation is reported for bone loss between

45 - 65 with stature in the metacarpal bone (Gaxn and Hull,
1966). The researchers suggest the explanation may lie in
the dynamics of growth and latexr resorption, in that taller
individuals may represent the result of avlonger growth

" phase, or having different targets for the growth activity.
If this 1is so then equally well they could have diffexrent
targets or time schedules for post-adolescent ‘'growth’
activities. Bone loss with age obviously affects the
strength of the bone and its ability to resist demands upon
it as evidenced bw the increase in fracture rates with age
(Dequeker, 1975; Garn, 1973). As expected females show a
_far greater likelihood of fracturing with agé. By age 90
‘the cumulative risk of fracture in a cervical spine. or
femnur neck has risen to 23% in females and only 9% in
males. The fracture rate‘is 4 - 10 times higher in females
(Garn, 1973). The most commonly fractured bones are the
distal forearm, the vertebral bodies, the humerus neck

and the femur neck, are all areas where the bone is
predominantly cancellous and thereforc less dense to begin

with (Dequeker, 1975).



Genetic differences are shown by population differences
where other factors, such as nutritional states, are not
noticeably different. A study of the Chinese and Japanese
compared to an American series showed the Asians as having
less compact bone at all ages. American-born children of
far eastern ancestry showed this as well as the native
cases, and children of mixed marriages had intermediate
measurements.VThere was no evidence of nutritional
differences and the intermediate measures of the mixed
ancestry group added support to a genetic explanation. (Garn,
1964). In a study of femur neck fractures,la far lower
incidence amongst negro Americans was observed than was

"predicted from the proportions of negro/white hospital
admissions (Gaxn, 1973). A similar study in Singapore
found femur neck fractures to be more common amongst the
Indian comnmunity and lowest amongst the Malays. The Chinese
appeared to be intermediate. A study of African tribesmen
of the Bantu observed a lower femur rate compared to
Europeans (Garn, 1973). A different study.on the Bantu
recognizes the low fracture rate compa;ed to_Europeans

and also measures cortical thickness. Children have lower
levels of cortical thickness than European children of
eguivalent agss, but have a longer growth phase which
counteracts this effect. Adults are fpund to have no
differences in cortical thickness to Europeans. The
apparent additional strength of the bone may therefore

be due to density rather than absolute thickness (Walker et
al., 1970). However, Dequeker (1972) found negroes lost less

bone than whites with ages
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Studies of familial patterns in growth generally, show
the best correlations are between sisters, implying a
genetic - involvement by the X chromosome. A greater
intra-girl cqrrelation was also found in growth measures
compared to intra-boy correlations (Gain and Rohmann, 1966).
As regards cortical thickness specifically, again sister-
sister correlations are the strongest family relationships
found ( a. correlation coefficient of 0+37). Monozygotic
twins show considerable similarities, greater than
dizygotic (Garn, 1970; Amtmaﬁn,-197l). Some genetic
disorders affect the amount of cortex, as in medullary
stenosis where the medullary cavity is decreased in size,
or some forms of osteogenesis imperfecta where the cavity
is increased in size (Ga¥n, 1970). Chromosomal abnormalities
also display reduced cortical thickﬁess, particularly in
trisomy G (Down's syndrome), X0, XXY and XXXY variations,
the reductiqn being greater than can be explained by

overall size reduction of the skeleton (Garn, 1970).

Cortical thickness is affected in a number of the
clinical complaints and a brief summary is given by
Garn (1970). Thinner cortex is found in blood dysplasias,
protein-calorie malnutrition, hyperparathyroidism,
renal tubular acidosis,; kidney dialysis after gastrectomy,
in malabsorption states and inactivity particularly long-
term juvenile inactivity such as hydrocephaly or
spherocytosis. Decreases in cortical thickness are
recorded at high altitudes from hypogravic effects, which

appear to affect activity at both surfaces in children,



but mainly tbe periosteal surface in adults. Reductions of
cortical thickness brought about in severe nutritional
conditions can be relieved to some extent by the
administration of the deficient product. Fox example, loss
through renal glycogenesis can be staunched by glucose
Ieeding. The effects of vitamin D therapy on cortical size
in D--deficiency or vitamin D-deficiency rickets is ﬁnknown

and awaits study.

An increase in cortical thickness is found in
adrenogenital syndrome, sexual precocities of any kind, |

Holt-Oram syndrome and Paget' disease (Garn, 1970).

The two main theories of mechanisms of bone loss
concern nutritional agents and hormonal factors. The two,
of course, are by no means exclusive of one another, but

much controversy rages over the relative importance of each.

A large number of nutritional/metabolic disoxders can
cause a decrease in cortical thickness as demonstrated
by the list of disorders given by Garn (1970). The
hypothesis has been made that alterations in absorption
efficiency concomitant with age and/or cumulative effects
of reduced intake, may be responsible for both the normal
age-related bone loss and the exaggerated loss characteristic

of osteoporosis.

iost attention has been focussed on calcium levels,

€a/p ratios and protein or calorie intakes. General studies
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of growth in response to marked nutritional stresses
suggest that the system is capable of responding
appropriately to short periods of scarcity, such as dry
seasons, by slowing growth with a subsequent pick-up period
such that no permanent damage is caused, excépﬁ DOsSsibly
some reduction in stature, particularly in males thus

reducing sexual dimorphism. However, stature reductions

are difficult to assess relative to a norm in a population
where the established norms basediion Americans are not

relevant.

Garn (1973) found that although a moderately low
protein diet could lead to a smaller skeleton size,
the.proportion of bonz loss with age is still the same as
individuals on a high protein diet. In severe protein-
calorie malnutrition, by contrast, perhanent retardation of
development, physical and psychological is caused. Both
sexes are zqually affected by retardation in this case,
the stress going beycnd the capscity of the system to
adjust to it. The periosteal apposition of childhood is
retarded or even halted and in addition resorption occurs
or is accelerated. Although marked cortex reduction occurs
in all of the protein-calorie malnutrition complexes, the
most severe effects are found in the marasmic forms, due to
a lack of both protein and calorie intake. compared to
kwashiorkor where protein is deficient but calorie intake
may be adequate. Some children with marasmus or mixed .
marasmus~kwashiorkor states may have no more bone at 4 to

6 years than would be expected in a one Year old (Carn, 1964,
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1970). Continued resorption occurs even after treatment,
during the so-called recovery period (Garn, 1970) implying
a time lag in the responses and mechanisms that control

resorption.

Hypotheses concerning calcium intake postulate théf
a cunmulative inadequate intake of calcium would lead to
bone loss through both inadequate mineral supply for bone
formation and compensatory resorptive action to provide the
necessary ninerals for other parts of the system. It has been
possible to induce bone 1loss in rabbits fed low calcium
diets but the evidence in humans does not so far support the
- theory. There is no evidence that groups having low calcium
intake below 400 - 300 mg/day show any significant bone loss,
nor that groups consuming in excess of 1,300 - 1,500 mg/day
have protection against bone loss in the later decades of
life., This was illuétrated by comparison of a Guatemalan
sample with samples from Panama and the Caribbean. The
Guatemalans used yellow mnaize, stone-ground meal and the
preparation of food by soaking in lime—watef} all of which
give a high calcium intake by comparison to the Panamanian
and Caribbean groups which had a very low intake, as low as
200 mg/day. No differences were observed between the groups)
patterns of age-related bone loss. Similar results have
been found for the phosphorus -intake and the Ca/P ratio.
Cereal based éubsistences tend to have a high level of
phosphorus in the diet relative to calcium, whereas dairy
paétoralists have a greater level of calcium relative to

phosphorus and again no differences are recorded in bone



losses (Garn, 1973). Other evidence, possibly suggestive
against the intake theooy, although not directly related,

is that the composition of the boné itself does not change
with either normal aging or osteoporosis as regards the
calcium and phosphorus content (Deéueker, 19%556 Treafments
of increased intakes of calcium have not proved to be

useful in themselves agg%p§fwbpgg%ig§§f but only indi;ectly
as possibly stimulating a hormonal reaction (Dequeker, 1975).
Patients who suffer from lactase deficiency and thus avoid
dairy products, often seem to suffer from osteoporosis,

and yet negro populations rarely show signs of osteoporosis.

whereas lactase deficiency is common (Dequeker, 1975),

Intake of trace elements has been noted as possibly
significant, High intakes of magnesium:observed in
Iranian populations neither protect nor exacerbate bone
loss. However, certain groups along the Indian Ocean and
around Lake Rudolf have been found who possibly have no
adult bone lossy or very little. All of these groups are
asscciated with high levels of dietary fluoride. Fluoride
appears to reduce bone loss by reducing solubility and

increasing amounts of bone by altering the size and nature

of the bone crystals (Dequeker, 1975; Garn, 1973).

Rather than examining'simply intake levels,
particularly of the critical elements of bone, equal
attention should be given to absorption, excretion and rates
of resorption from the bone (Jowsey et al., 1965). It has
already been shown above that severe malnutrition not only
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halts formation but causes resorption of bone elements.
Lactation is a common candidate for promoting accelerated
resorption of calcium. In fact the net result of pregnancy
followed by lactation is a normal rate of bone loss, as

bone is formed endosteally during pregnancy. (Garn, 1970}).
Urinary levels of calcium, phosphorms and total hydroxyproline
excreted show a negative correlation with age in both sexes.
This occurs without any associated reduction of calcium

or phosphorus intake and thus implies a reduction in
intestinal absorption of the elements. As hydroxyproline
levels are probably determined by the skeletal collagen,

the reduction reflects the reduction of skeletal mass with
age rather than being directly involved in producing it. The
diurnal pattern of mineral excretion shows a high day : night
ratio in young adults, a relationship which is rewversed

in older age groups. The daytime reduction is probably
related fo a fall in absorption, possibly to reduced intake
and/or to reduced renal excretion (Dsqueker, 1975).
Secondary hypercalciurea can be provoked bywdietary factors
such as increased salt intake or carbohydrate. A possible
pathway is proposed by Dequeker (1975) involving calcium
deficiency in the:body provoked by such dietary factors
causing a decrease in the serum calcium level, increased
parathyroid activity and increased bone resorption. The
example is given, in support of the network, of negroes

who have a low level of ostegporosis and a low salt intake

(Dequeker, 1975),
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Levels of calcium, phosphorus and alkaline phosphatase
in the blood are also examined by Dequeker (1975). The
serum content of calcium and alkaline phosphatase shows a
lower level in females relative to males under fifty and
the reverse after fifty. It is possible that the serum
calcium level may be related to the serum protein level.,

" The sex difference and age-—related reversal for serum
.protein remains unexplained, as does the serum alkaline
phosphatase level, although alkaline phosphatase activity
is thought to reflect osteoblastic activity in some unknown
manner. It may also be related to size in young adults,
although there is no supporting evidence, or ta physical
-activity. The age associated increases in the two substances,
most marked in the female, has also been attributed to
age-related changes in liver function (Dequeker, 1975).
However, the patterns of growth in childhood, the sex
differences of adolescent growth, the difference in adult
loss between the sexes and the above mentioned differences
in levels of minerals and compounds are suggestive of

hormone-induced changes.

The post-menopausal theory has long been popular to
explain the more dramatic doss in females in later life.
The sister-sister sibling correlation has suggested an
X-linked factor, and the apposition patterns of growth in
adolescence and early adulthood points to hormone-specific
responsesTat the two surfaces. The periosteal surface
experiences adolescent growth disproportionately in males to

females while at the endosteal surface the reverse is true.




Gain (1970) speculates that the periosteal surface is
controlled specifically by testosterone and the endosteal
by ocestrogen. Another indication of the role of oestrogen

in promoting bone apposition endosteally is observation

of this activity in pregnancy, increasing cortical
thickness. Lactation would normally reduce cortical
thickness to its normal age-specific level but pregnancy
without prolonged lactation can lead to permanent gain in
cortical thickness. Females in their sixties who have had
a number of live births without extensive lactation show

greater cortical thickness than others of the same age

(Garn, 1970).

The hypothesis, therefore, is that the greater bone
loss in females is a post-menopausal feature brought about
by a reduction inoestrogen levels which appear to inhibit
resorption and even stimulate apposition endosteally.
Testosterone decrease:. in males merely slows formation
periosteally rather than allowing increased resorption.
Garn (1970) compares women who had undergonérovariectomy
early in life (34+) with those experiencing natural ‘
menopause at-the average age around the fifties, and
found the former group to suffer from greater and faster
bone loss. Increases of serum levels of calcium and
alkaline phosphatase, of éérum phosphatase and urinary
excretion of calcium and total hydroxyproline can bé
reduced by oestrogen treatment (Dequeker, 1975). At the
same time, bone resorption was slowed. Oestrogen therapy

is a common treatment for individuals suffering from
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0stecporosis,

Determination of the exact age of onset becomes
critical in assessing the hypothesis. Most researchers
on modern samples record the age of onset of bone loss as

ost-menopausal, giving rise to the theory in the first

g

place. However, Garn (1970) with a large sample size, was
able to detect loss of bone earlier than the menopausal age,
although the loss was only slight at first. In the next
section, archaeological studies of cortical thickness are
reviewed and it is seen that bone loss begins as early as
the mid-twenties in females of some early groups. This may
'be an artefact of problems in determining age at death,

but the authors themselwves regard the finding as ewvidence

against the post-menopausal case (Dewey et al., 1969a,,1969b).

It is concluded that the post-menopausal reductions:..in
oe2strogen are obviously an important factor towards bone
loss in females, but do not represent the wh?le explanation,
since loss occurs in both sexes and pré—menopauéally. The
role of oestrogen is probably part of a far more complex

cycle of factors and interrelationships.

Another potentially important hormene is parathyroid
hormone. Levels éf parathyroid hormone appear related to
serun calcium levels and oestrogen has been demonstrated
to have an inhibitory effect on parathyroid activity. It is
proposed that parathyroid hormone therefore may be directly

responsible for stimulating bone resorption. Dequeker (1975)




emphasises the role of parathyroid hormone, incorporating
dietary factors into the cycle as explained earlier.
Jowsey et al. (1965) also stress the importance of parathyroid

hormone in bone loss from internal remodelling.

Finally, calcitonin is involved in bone turnover and
can reduce resorption in young- adults—and in:the extreme case
of Paget's disease. Howevexr, treatment with calcitonin
of post-menopausal osteoporotic women did not halt bone loss
and even worsened it in some cases. Probably the effect of
hypocalcaemia, produced by calcitonin activity, promoted
parathyroid hormone secretion and subsequent bone resorption
(Dequeker, 1975). This kind of close interrelationship
of hormones, mineral levels and bone cell activity
illustrates the difficulties of identifying roleé or even the
inappropriateness of such an approach. Even greater are
the problems of treatment to arreét excessive bone loss
since formation and resorption act as a unit together and
form part of a complex system where any interference with
one factor will have repurcussions in the otgers, €.ge.

slowing down resorption rates will invariably lead to a

slowing down of formation rate also (Dequeker, 1975).

2.5 Archaeological Studies of Cortical Thickness. S

There have been two main groups of archaeological
populations studied for age-related changes in cortical
thickness:-~ First, the Nubian populations on which

extensive skeletal analysis has been performed by Armelagos
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and his colleagues; secondly, a number of American collections,
namely the Terry Collection (Zricksen, 1982) the University
of Utah, Great Basin Skeletal Collection (Van Gerven, 1973)

and the Campbell 5ite, Prescott Co. Missouri (Carlson et al.1976).
; :

The Nubian material consists of three groupings:
Meroitic, X-group and Christian. Cortical thickness has been
studied by direct measurement from cross-sections. Six
measurements were taken at equally spaced points around the
section and the mean cortical thickness calculated. The
three‘populations do not exhibit any significant differences
in genetic traits of the dentition, nor in the age-related
- loss o cortical thickness,; so the three populations can
be treated as one group for the puxpose of analysis. This
gives a larger sample size of 83 males and 120 females.

The sample is classed into four age categories : 16 - 21,
22 - 31, 32 - 41, 42 - 50+. There is marked difference

in the age-related changes of the two sexes. The loss of
cortical bone in males with age is not significant at

p& 0°05 whereas the loss for females is significant at
p<0°0l. Males do not lose bone until the last age category,
that is over forty, whereas the loss of bone in females
begins from twenty-two onwards. The total absolute loss of
0°124 cm of cortex in females is three times the male loss
of 0+042 cme. The overall male loss represents 13°75% of the
bone and the female loss is 23°39%, The greatest loss in
females is found in the thirties, comparable to modern

populations. The overall loss of bone in a modern female




population is given as 40/ and the authors suggest that
the slight=2x loss in the nubian females is evidence of a
shorter life expectancy.(Armelagos et al., 1972; Dewey et al.,

1969a, 1969b).

Further analysis is undertaken by examining the effect
of normalization orn the cortical thickness measurement. It
is recognized that a relationship exists between femur
lesngth. .and robusticity, therefore probably with cortical
thickness, and that a great range of femur length will be
found in a single population, It 1s considered therefore
that the size of the individual as expressed by the femur
" length should be taken into account in order both to
compare populations of different statures and to compare
age groups‘within a population to better effect. The mean
cortical thickness measurement is divided by the femur
length and multiplied by a 100, thus expressing fhe cortical
thickness as a % of the femur length. A comparison of
results using normalized and non-normalized data shows a
number of relationships are heightened to statistical
significance with the measurements normalized. Particularly
important was the result that the normalized cortical
thickness loss with age was significantly different between
the three nubian groups, whereas the non-normalized was not.
This suggests that the vatiation of femur length between

the populations is greater than the cortical thickness

variation (Dewey et al., 196%9%).



The main interxest of the analysés was to compare
archaeological samples with modern and to try to shed light
on the etiology of bone loss. The results were comparable
to modern samples except that bone loss appeared to begin
far earlier in the nubian females. It is possible that this
could be an artefact of incorrect age assessment. However,
assuming this is not the case, a gradual progressive decrease

of bone with an early age of onset would not be consistent
with the post-menopausal hypothesis. Thé authors feel the
bone loss is more likely to reflect insufficient calcium
intake coupled with extensive lactation which accentuates
the effect of low calcium levels by drawing on the skeléton's
" store of cialcium for milk production (Armelagos et al., 1972;

Dewey et al., 1969a, 1969b).

Sections wexre taken from the femora of 23 females and
20 males from the late ﬁississippian site of Campbell,
Prescott Co., Missouri, for a similar examination of
archaeological bone loss by Van Gerven and Armelagos (1970).
The same six measurements around the section were made
plus an- additional one on the linea aspera. Again,.the'
adults were placed in age categories of 22 - 31, 32 - 41,
42 - 50+, The younger 16 - 21 category of the nubian
analysis was not included. Similar to the Nubian results,
an observed. overall loss of 11+3% of Pone amongst maies was
not significant at p<K0°05, whereas the larger loss in females
of 29°97; of bone was significant. The values of cortical
thickness were not normalized. The differences in the

patterns of cortical thickness loss between the sexes is

o
o

oo




significant at p<{0°0l. Loss of bone was thought to begin
in the 22 - 31 age group in females, but without the
younger category for comparison this could only be a non-
metric observation of bone porosity. The greatest 1Oss of
bone occurred in the oldest age category in both sexes. The
results were comparable to the nubian ones,; again showing

a lower overall loss than modern samples, suggestive of

fewer elderly survivors (Van Gerven and Armelagos, 1970).

An extension of these studies was made by Van Gerven
(1973) to include the tibia and humerus and to measure area
as well as cortical thickness. The sample comes from the
" University of Utah, Great Basin Skeleton Collection and
numbered 23 females and 20 males. Age could not be assessed
beyond fifty; the youngest individual included was aged at
nineteen. In males, the tibia showed the most steady loss
of bone with age, although none were significant. In area,
the tibia did show a significant decrease at p<L0°05.
Amongst females all three bones showed significant loss with
age of both thickness and area at p<0°0l. ih both sexes,
the humerus undergoes the least amount of bone loss, in
males the tibia loses most and in the females the femur
loses most. The corresponding measures of cortical
thickness and cortical area were correlated and found
sigmnificant at p<<0°05 in All cases. ;imilarly, comparison
of loss:in the different bones show .a significant |
correlation between them all with p<{0°05. This indicates
a certain uniformity in the long bones in cortical loss,

further supported by a stepwise regression analysis. This
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demonstrated that sampling of multiple sites provided very
little further information than one site alone (Van Gerven,

1973),

Carlson et al. (1976) investigated cortical thickness,
cortical area and diaphyseal diameter in the femur at
different pointsron the diaphysis from 21 females and 19
males from the Campbell Site and were grouped by age as
20 - 40 or 41 - 55+, then further divided into 20 - 30,

31 - 40, 41 - 55+ for detailed analysis. Five cross-sections
were made along the length of the shaft and eight
measurenents arceund each section were taken to get the

nmean cortical thickness. Diaphyseal diameter was measured

as the mean of the anterdor-posterior and medial-lateral
measures of diaphysis width. The two sexes showed different
patterns of loss along the diaphysis from one another. Iﬁ
females the greatest reduction of cortical thickness with
age occurred at the second cross-section (proximally),
whereas this had the least decrease in males, the greatest
loss being distally at the fifth cross-section. The loss

of cortical thickness is not accompanied by a correspondingly
high loss of cortical area. In females, the second section
loses the least amount of area and the fifth section in
males only loses a moderate amount althocugh more than
elsewhere in the shaft. The fifth section is also the site
of greatest area loss in females. Increases with age of the
diameter were not significant among females although there
was a trend towards an increase. Males did show significant

increases in diameter distally at the fourth and fifth

-
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sections. This is interesting since, in spite of this

periosteal gain, loss of cortical thickness and cortical area
are greatest at this point indicating a dynamnic site of
remodelling activity. Cverall, therefore, females become

thin in bone proximally and males distally, The explanation
for these sex differences 1is not evident, but the results
add to the growing body of evidence for different bone

dynamics between the sexes from whatever causes.

Finally, Ericksen. (1982) has utilized the Terry
Collection of known age, sex and ethnicity to follow up
similar studies with a larger sample. 458 femora were used
~and radiographed from the posterior-anterior angle and from
the medial-lateral view at eleven levels spaced at distances
of % of the femur head diameter. The first of these was
drawn through the lower border of the greater trochanter.
Cnly six of the levels were reviewed in the article
published. The ages of the sample ranged from 20 - 98: The
levels between the two trochanters showed less change than
those subtrochanteric, interpreted as evidence that
remodelling activity in the higher levels occurs in
cancellous bone rather than the cortiéal bone. In the
lower levels, loss was observed to occur first in the
anterior-posterior quadrants. In males, no loss at all was
recorded in the medial or lateral quagrantsu Females did
show considerable thinning but not until their fifties.
Ericksen suggests bone loss may be retarded in the medial
and lateral cquadrants through some.mechanical stress-

related maintenance factor (Zricksen, 198

\
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Americans in the collection lose bone esarlier than the
whites, although elsewhere in the literature it is stated
that ~African negroes show less bone loss with age and rarely
suffer from osteoporosis (discussed earlier). The later
onset of bone loss amongst the modern Americans compared to
the archaeological samples leads Ericksen to postulate that
cortical loss in the femur may have been accelerated in the
past, relative to modern samples (Ericksen, 1932), but does

not discuss what possible mechanism this may affect.

J

2.6

t

Cxternal Remodelling for Aging Skeletons.

Age-related changes in the gross morphology of size
may prove useful for aging purposes. To date, the only
method using this scale of observation is the assessment of
trabeculae distribhutions in the proximal epiphyses of the
humerus and femur by Acsadi and Nemeskeri (1970). Density
was measured by Thompson (1978) but does not feature amongst
the five best parameters for age assessment in the femur

with the sexes together.

Cortical thickness is seen to change predictably with
age,; but, similarly to the internal level of bone activity,
cortical thickness does not alter in .a linear fashion with
age. First, it shows an increase up to6 the mid- hirties
and only in the forties does a decrease in thickness occur.
Thompson (1978) makes use of cortical thickness as the
second of his five parameters. 5ince his sample was heavily

biassed towards older individuals it is feared that the
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inclusion of cortical thickness is an artefact of his

sample. Thompson (1978) does, however, say his aim is to
devise a method for aging the older individuals in the

population. It may be that these have to be identified

first by other criteria before Thompson's methods can be used.

Samson explored the potential of using cortical
thickness as a parameter but eventually abandoned it as not

reliable (pers. comne. ).

Overall, sex differences exist in cortical thickness
at all ages in both absolute size and in rates of gain and
“loss. Normalization procedures could deal with the absolute
size differences possibly, but the rates of change have to
be recognized. Use of the cortical thickness measure should
involve separate methods of converéion for the sexes.
Thompson (1978) does provide separate equations, but the
onz2s where sexes are together do not show a very much greater

-

level of resolution. This seems to be surprising since

cortical thickness is a parameter in all but one of the

Overall, from the literature review on age-related
hanges in cortical bone structure, there i1s no reason to
expect measures of either internal or/external parameters
to increase linearly with age, as nzither the turnover of
bon2 internally noxr the external growth and loss pattern
alters uniformly in one direction with age. It is

pradicted, therefore, that only low correlations will be



found between age estimates from bone structure and other
estimates. Analysis of each measure by dental age may help

evaluate the possible useifulness of bone structure measures,.
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Chapter 3. ANATCHY OF THZE VERTEBRAL COLIMN AND DEGENERATIVE

T ADNY I
CHANGES .

In addition to the examination of age-related changes
in bone structure of the femur, a study will be made of the
incidence and severity of degenerative joint disease in
the spine. This chapter will describe the anatomy of the
spine, how to identify the osteologicil elements and the

changes of the tissues in degenerative joint disease.

3.1.1 Anatomy: Vertebrae.

The human vertebral column is composed of twenty-four
bone elements called vertebrae which alternate with the
cartilaginous intervertebral discs. The sacrum has five
fused vertebrae and the coccyx four or five vestigial
fused elements. The vertebrae are classified by regioﬁ into
three groups; the cervical region, numbering seven
vertebrae, the thoracic region with twelve vertebrae and
the lumbar region of five vertebrae. All the vertebrae
have the same basic design of a cylindrical body joined
by a bridge or pedicle on each side to the neural arch
which together enclose the spinal canal through which the
spinal cord runs. From the back of the neural arch projects
a spilinous process, and from each side there projects a

transverse process (see Fig. 3.1).
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On each side of the vertebra by the projections of the
transverse processes are two pairs of articular facets
superiorly and inferiorly placed, which form a joint with
the corresponding facets of the adjacent vertebrae. The
intervertebral disc, lies between the bodies of adjacent
vertebrae forming another joint. The facet joints
(zygapophyseal joints), pedicles and disc joint enclose a
space called the intervertebral foramen through which pass

the segmental nerves (see Fig. 3.1).

The vartebral bodies are linked by two longitudinal
ligaments running anteriorly and posteriorly from the
" sacrum to the basi-occiput. Both are firmly attached to
the interxvertebral disc and adjacent bone margins, but less

so to the rest of the vertebral body.

The total number of presacral vertebrae although
usually twenty-four, can show variation relatively commonly
on either side of this norm. There is clear indication of
some form of genetic control in this from family studies.
In addition, a number of studies comparing different racial
groups summarized by Allbrook (1955) and Bornstein and
Petersen (1966). Sex differences also play a part with a
tendency for males to show an increased number and females
a decrease (ROrnstein and ?etersen, 1966; De Beer Kaufman,

1974, 1977).

The cervical vertebrae seem to be numerically stable

(Sager, 1969). Instances of six vertebrae are found once by
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Allbrook (1935) from 206 spines, and twice by Ledouble (1912)
from 1420. Laniex (1939) repoxts a case of eight cervical
vertebrae. Willis (1929) finds the usual seven in all 1471

of his sample.

An additional thoracic vertebra seems to be fairly
commone. Allbrook (1955) reports an incidence of 4°6% from
an East African sample. & reduction tc eleven is rarer;
Allbrook (1955) finds only one case, which is associated
with six luﬁbars giving the same overall number of

twenty~four,

The lumbar spine is the most variable portion showing
an increase of 8:4/; in Allbrook's sample. He finds a
decrease in 2°4)5 of cases, which was always associated

with an extra sacral segment, most probably representing the

fifth lumbar sacralized.

The occurrence of six segments in the sacrum may
reflect incorporaticon of the first coccygeal element, or, as
mentioned above, the last lumbar vertebra. In some instances,
a real extra sacral segment may occur. Sacralization
describes the incorporation of one of the other spinal
structures. Lumbarization describes the separation of the
first sacral segment from the rest of the structure.
Maurice-=wWilliams (1981) reports the occurrence of
sacralization as 3% in the present day British population.
Lumbarization is found in 175 of the population. illbrook

(1955) finds sacralization in 11 of the East African sample.



[,

This broke down into 6+5% out of 185 spines where the Fifth
lumbar 1s sacralized and 606/ of fifteen spines with six
lumbars showing sacralization of the extra sixth vertebra.
Kellgren and Lawrence (1958) in contrast to the other
studies found only one case of sacralization in the

extensive survey ©f the Leigh population in South Lancashire.

3.1.2 Anatomy: The Joints.

The joints of the body are classified into three main

types: fibrous, cartilaginous or synovial (Gardner, 1972).

In a fibrous joint, also called a synarthrosis, the
bone elements are joined by fibrous tissue and very little
movenment, if any at all, occurs at the joint. Fibrous joints
are of two kinds, sutures and syndesmoses. The joint of the
tooth in its socket is sometimes included as a third kind,

termed a gomphosis.

In éartilaginous joints the bone elemeﬁts are joined
by either hyaline cartilage or fibrocartilage. The joints
joined by hyaline cartilage are also called synchondroses.
Such joints are characteristic of the immature skeleton where
bones are joined to their epiphyses by hyaline cartilage
while growth is in progresé, but most hyaline cartilage
joints are replaced by bone by adulthood. Cartilagiﬁous
joints where the bone elements are joined by fibrocartilage
are called amphiarthroses. The fibrocartilage is usually

separated from the bones by a layer of hyaline cartilage.
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The intervertebral discs of the spine are amphiarthrodial

joints; the pubic symphysis is another example,

The wvertebral bodies are joined together by inter-—
vertebral discs numbering twenty-three in all from the
second cervical to the first sacral segment, forming a series
of amphiarthrodzal or slightly movable joints. The discs
make up about twenty per cent of the spine's total length
in the adult; the size of each of the discs corresponds to : 2
the size of the vertebral bodies it joins. The shape of the
disc can influence the curvature of the spine. In the |
cervical spine the discs are wedge-~shaped contributing to
the presence of the usual cervical lordotic curve. The
thoracic discs do not really contribute to the usual kyphotic
curve although they are a little more prominent posterioxly
than anteriorly. The lumbar discs play a very important
role in the lumbar lordotic curve being considerably heavier

anteriorly especially the disc of the lumbo-sacral joint.

The disc has three components: the carfilage endplates,

the annulus fibrosus and the nucleus pulposus.

The cartilage endplates cover the surfaces of the
vertebral body within the bony ring epiphyses, are about
lmm thick made of hyaline cartilage and are thickest
centrally, mexging with the annulus fibrosus on the periphery.
As the disc is avascular in the adult, the cartilage end-
plates permit fluids and nutritive substances from the blood

vessels within the vertebral bodies to perfuse through to

v
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the substances of the disc itself.

The annulus fibrosus is a ring of superimposed concentric
layers of collagen fibres, attached to the adjacent bone by
Sharpey's fibres. The layers xun in at angles @ao:each other
and run in a spiral fashion between adjacent vertebral

bodies,

This encircles the nucleus pulposus, a gelatinous
hydrophilic tissue consisting of randomly arraﬁged{collagen
fibres and a few elastic fibres in a matrix of water held in
protein-polysaccharide complexes. The nucleus pulposis
comprises about fifteen percent of the total disc volume
and is positioned slightly behind the central part of the
disc. This means the annulus fibrosus is thinner posteiiorly

and therefore weakest at this parte.

The majority osff the joints of the body, including the
facet joints of the spine, are synovial joints or diarthroses.
In a synovial joint the bone elements are linked by an
envelope of cagsulo— cartilage which encldéses the whole
joint forming a capsule. The articular surfaces of the bones
are covered in a layer of articular cartilage. This in turn
is lined on the inside by synovial membrane. The space
enclosed by the Synovial.membrane is called thes synovial
cavity. The synovial membrane surface eslaborates synovial
fluid which is a thick viscous liquid. Lastly, ligaments
stretch across the joint linking the bone elements and

providing strength and stability to the joint (see Fig.3,2),
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The facet joints form the hinges of the spinal column's
threz-pillar support structure. The synovial joints of the
body are designed to resist the forces upon them and still
allow the maximum necessary degree of freedom of mobility.
The angles et which the facets meet very much influence the
kind of mobility possible at that joint. The cervical spine
is the most mobile portion of the spine freely enabling
flexion, extension and lateral flexion. Some rotation is
possible too, particularly at the atlantoaxial joint.
Movement in the thoracic spine is limited by the rib cage,
although flexion, extension and lateral bending are all
possible as well as rotation in the mid-thoracic region,
The lumbar region has very limited rotation (about five
degrees only). Flexion and extension are the main movements

(Haurice-Williams, 1981),

2.1.3 Anatomy: The Articular Cartilage.

The articular cartilage of the joint is the most
important structural element in the synovial joint as regards

development of degenerative changes in the joint.

The cells of the hyaline articular cartilage are called
chondrocytes and are estimated as comprising about five
percent of the tissue, although this figure varies

enormously with age, being far greater in the growth period.

The 1inter-cellular substance breaks down into:

collagen 2355



mucopoelysaccharides s 205

non-collagenous protein 2370 (50koloff, 1969),

Articular cartilage has a very high water content,
estimated at around seventy percent of the whole tissue during
life. The nucopolysaccharides are 35 - 405 chondroitin
sulphate. These rough estimates, made for synovial joints in
general, of the proportions of the different components are
found to vary enormously between individuals, with age, by

anatomical location between and within joints.

The articular cartilage is._arranged in a three-layer
system, each layer of which demonstrates a different
composition and structurcec. Articular cartilage is seen as a
dynamic tissue undergoing constant degeneration, proliferation

and remodelling throughout life similar to those remodelling

processes in bone tissue (Johnson, 1962).

The outer, superficial layer of articu%ar cartilage is
+hin with collagen fibres orientated tangentially, forming
long transverse arcs. The arrangement is designed to absorb
shocks as well as to maintain the integrity of the surface.
The cells are small and flattened along a long axis parallel
to the joint surfaces. This superficial layer undergoes
constant shedding and replacement from the second
transitional layer. This is characterised by a high watex
content with larger, more rounded chondrocytes arranged in
columns whose axes are at right angles to the joint surfaces.

This layer 1s a broad zone of hyaline cartilage and is the
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principle shock absorbing portion. The third layer oxr deep

1~

layer has large chondrocytes with many of these atlult cells
often dead sufrounded by intercellular substance. Calcification
also occuxrs in this layer. It acts as a barrier to the
percolation of materials from the cartilage to the

underlying subchondral bone. This is also the part which acts
to anchor the cartilage to the bone. The deep layer is where

enchondral growth and consequent remodelling of the bone

and cartilage is taking place (Jurmain, 1975).

The combination in the intercellular matrix of collagen
and ground substance acts as a two-phase material. {{ollagen
is highly resistent to tension but not compression. The
ground substance by contrast, as a result of its high water
content, is highly incompressible, but has no tensile strength.
The nucopolysaccharides add toughness and resilience to the
tissue and the ratio of these to collagen varies by joint
and joint areas, showing a higher proportion in joints and

joint areas subject to greatest pressures.

The overall thickness of the articular cartilage varies
between individuals, from joint to joint, surface to surface,
again mainly in response to functional demands. It has been

mnn
denonstrated (Saafy 1950) that vigorous exercise can increase
the thickness of the articular cartilage by 25 - 350,
Jurmain (1975) lists as factors influencing cartilage
thickness:
1. greater in larger joints than smaller

2, greater in joints or parts of joints subject to

Jemst
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Tunctional pressure {(especially truo of joints of the
lower limb)

ey

3. 1ncrzase with friction, scissor acticn of cartilage and

..

lateral displacement.
4, Iess thick in smoothly fitting joints.

5., thickness tends to decrease with non-usc.

is an upper limit on the thickness of the articular
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ar age set by the means by which cartilage is nourished.
Articular cartilage has no nerve or blood supplu therefore
the acquisition of the nutrients from the synovia, the

vascular ring of the synovial membrane and the blood vessels

s

of the subchondral bone. The process of diffusion therefore

sets a limit of the potential dimensions of the cartilage.

Very little is understood of the metabolism of

articular cartilage as yet, Studies are pexformed by
measuring rates of uptake of various labelled isotopes by

the cells and subsecuent appearance in intercellular

0]

substances. Collagen in connective tissue, as is true for
collagen elsewhere in the body, is a static material,
relatively inert metabolically showing very little turnover
or degradation or synthesis once net synthesis has ceased.

1ave an active capacity for repair and

pomet

It does appesar to

Wl

replacement, however, as evidenced by repair in wounded
tissue. The inert collagen probably provides a stabilizing

influence in the chemical structure of the comnective

By contrast, the mucopclysaccharides have very rapid



turnover rates e.g. half life measurercents for hyaluronic

acid and chondroitin suphate have been estimated at

ot

respectively 2 - 4 days and 7 - 10 days.

The rate of synthesis of ground substance exceeds that
necessary purely in compensating for attritional loss, indeed
a cathepsin has been identified,. thought to be specific
for the degradation of the protein part of protein-
polysaccharide complexes. This upholds Johnson's (1962)
view of connective tissue as a dynamic tissue with an

internal remodelling system.

Greater understanding of the nature and turnover rates
of the tissue components would almost certainly shed much
light on both the aging and patholeogical processes in
connective tissue. Identification of the influences
controlling and regulating these processes and possible
disxuption factors are of primary‘importance for etiological

considerations of joint diseases (Mankin, 1968; Castor, 1972j.

A number of possible controlling hormones have been
proposed by various experimenters. However, since such
experimentation is almost always on animal tissues, caution
must be shown in applying the resuits to the human system
as effects of hormones may well be species-specific. This is
a

an area where there 1s still much to be learned of the

fundamental roles and relationships (Castor, 1972).
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Hucopolysaccharide synthesis has been shown to be
stimulated by thehgdminiStration of androgen, oestrogen,
thyrotropin and somatotropin whereas synthesis of muco-
polysaccharides can be suppressed by thyroid hornone.
Somatotropin has also been observed to stimuiéte collégen
formation. The most widely studied groups of suppressive
hormones are the adrenal glucocorticoids. The action of
these have been shown to suppress the turnover of the
suphated mucopolysaccharides, suppress both the oxidative
and glycolytic metabolism of rheumatoid synovium, reduce the
hexosamine to collagen ratio (Sobel et al., 1958) and to
reduce the cellularity and dermal thickness of skin (Castor
and Baker, 1950). Hydrocortisone has been shown to affect
the activities of connective tissue cells including
accelerating mitosis, suppressing collagen deposition and
depressing the specific rate of hyaluronic formation (Castor
and iiurden, 199543 Castor and Fries, 1961). Vitamins could
also have an important role but again information on their
specific influences is minimal. Those having possible effects
noted so far include ascorbic acid - importaﬁt for collagen
fibre formation; vitanin A - an excess can increase 7.
osteoclastic action in bone (Selye, 1958) and trace elements
(metals) - particularly a copper-deficiency can affect both
quantity and cquality of connective tissue components,.

Experimentation with chenicals or drugs has also identified
blocking or stimulating substances {e.g. BAPN from sweet pea

and CTAP) and could lead to further insights into the

metabolism and regulatory processes (Castor, 1972).
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natomny: Joint Lubrication.
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The functions of the joint components can be seen as
aiming to achieve two specific goals. First, to provide
strength and elasticity for resisting the forces and stresses
imposed upon the joint and secondly, to provide an efficient
lubricetion system to minimize friction in the joint. A
number of theories of joint lubrication have been taken from
the field” of engineering and applied to the biological joint.
The complexities of movements of joints and the range of
different kinds of stresses they will be subjected to, demands
various means of lubrication to cope with the different
circumstances. No one theory alone, therefore, covers all

the features of the synovial joint system, rather it would
seem several means of lubrication are operating together toc
achieve the same ends of protecting the more or less
irreplaceable bearing surfaces of the articular cartilage
from coming into contact and of minimizing friction. Both

of theée goals are achieved with great success; the
choefficient of friction in synovial joints 1s less than that

of d1ce sliding on ice (Gardner, 1972).

The synovial joints can be further classified by the

shape of the articulating suxiaces of the bones. The facet

joints of the spine are '"plane'! joints, characterized by

I

urfaces which are usually curved and the amount

1)

articulating

of curvature on the two components of a joint is unequal;

the convex surface having a greater degree of curvature

than the concave. This incongruence of the articulating
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1lge-shaped gap tc exist between the tw

SUYXIaces caus

bones which is of importance for lubrication mechanisms.

Mlovement in the joint causes the synovial fluid to move
around the joint. As the fluid flows through the narrower
part of the wedge-shaped gap, its incompressible nature causes
an invrease in both its rate of circulation and its pressure.
The pressure is great enougli to keep the moving surfaces
apart. The synovial fluid acts as a non-newtonian fluid in
that its viscosity decreases with increased velocity of
movement. This is thought to aid circulation of the fluid
around the joint. Conversely, the increase of viscosity with
lower velocities of movement is thought to help reduce

riction. These features fit a model of lubrication called

Fh

hydrodynamic lubrication reguiring incongruous bearing
surfaces, a viscous lubricant and a relative speed of

movenente.

Hydrodynamic lubrication is not suitable for dealing
with slowly moving, heavily loaded joints Vifh reciprocating
novements. It seens also that under certain conditions, the
viscosity of the lubricating fluid is of no importance and
the main factor is the nature of the sliding surfaces. Under
these circunmstances a mechanism called boundary lubrication
is thought to operate. The moving surfaces are separated by
a thin layer of lubrication of only a few molecules thickness
which adheres to oxr is incorporated into the articularxr
surfaces. The coefficient of friction in this case is

independant of the velocity of movement.
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Znginsering bearing surfaces in lubrication systems are
smooth and 1t was assumed this would be the case for the
articular surfaces of the cartilage. However, studies have

urifaces to be far rougher than those in any

(9]

shown the

(]

mechanical joint. The roughnesses on the surface of the
articular cartilage or undulations fall into two types:

o

{u

secondary undulations of 200 - 500 L diameter on

ot

so-cal
which are superimposed so-called tertiary ovoid hollows of
about ZO—SO/Lm diameter. The observation of such unzxpected
surface roughness stimulated the creation of another nodel

of lubrication called boosted lubrications

@}

Synovial fluid becomes trapped as pools in the
undulations where under pressure of load bearing the synovial
fluid undergoess enryrichment by losing water content and other

substances of low molecular weight through diffusion, leaving

orm of synovial fluid with a high concentration of

a gel
hyaluronic acid-protein complex, the substance responsible
for synovial Fluid's stickiness and viscosityve.

% last mechaniam to be considered of that of hydrostatic
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lubrication, a form of lubrication v pumped
of the joint apart. & specialized form of this is thought to
onerate in synovial joints, called 'weeping'! lubrication.

A property of articular cartilage is its ability to absorb

synovial fluid which then oozes out or 'weeps'! under pressure



lubrication and also to boundary lubrication in special

conditions,

seen then what a vital role the synovial fluid
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plays in joint lubrication. 3ynovial ¢luld represents a fluid

J

ground substance, containing a single mucopolysaccharide-
hvaluronic acid synthesized by synovioccytes. Hyaluronic acid

is rescTonsible for the characteristic viscosity and stickiness.
The hyaluronic acid is normally bound to a protein-
hyaluronate-protein which is also an important factor in
lubrication. Synovial fiuid is also impoxrtant in carrying

nourishment to the articular cartilage. lFovement of the

oint For circulating the synovial fluid is essential both

LA

for nutrient flow and for hydrodynamic lubrication. Too
little exercise of the joints has been observed as equally
dazmaging as too much (Gardner, 19503 1972; Gardner and

Longnozre, 19743 Jalker et al., 1968).

3.2 Develooment.

The first structure having a stiffening function in the
embryo 1is the notochord which provides a framework around
which the true vertebral column is formed, initially as a
cartilaginous vertebral column which subseqguently undergoes
ossification. .i:s the cartilaginous vertebral bodies enlarge
they compress the notochord into the dense intervertebral

>N2xr
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discs where the notochord cells deg te as part of the

dewvelopment of the nucleus pulposus,
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The majority of the vertebrae have threzs main centres
of ossiification which appear around the eighth week:

on2 for the body and two for each side of the neural arch
(sce Fig. 3.3). There are also three secondary centres which
appear around sixteen years of age on the tips of the
transverse and spinous processes (see Fig. 3.3). Also around
sixteen yvears of age, the ring epiphyses of the upper and
lower surfaces of the vertebral bodies ossify and fuse

(see Fig. 3.3). The rami of the arches unite first in the
lumbar wvertebrae during the first year of life followed by
the thoracic and cervical. The arch first fuses to the body,
at the so-called neurocentralsynchondroses‘in the cervical
vertebras in the third year of life and lastly in the lumbars
in the sixth year of life (see Fig 3.3). The exceptions are
the first and second cervical vertebrae - the atlas and the
axis. The atlas has three centres of ossification, :one for
each leteral position appearing in the seventh week and one
appearing later at the end of the first year to the anterior

«3). The axis has five main centres and two

Ly

’.l}

arch (s ige

o
=

)

secondary centres: the body and the neural arch are the same

as the other vertebrae, except that the centre of ossification
for the body appears later in the fourth month. The dens,
which is derived from the body of the atlas, has two

laterally placed ossification centres appearing in the

sixwth month which unite into one structure at birth without

at

(%]

the tip, for which a separate ossification centre appear
two years of life. The union of the body, dens and tip

occurs just before adolescence (see Fig. 3.3).

-y




“1G. 3-3 OSSIFICATION OF THE VERTEBRAE

PRIMARY OSSIFICATION SECONDARY
CENTRES. = . CENTRES

Z,

Op= = \27/

RING EPIPHYSES NEUROCENTRAL
. SYNCHONDRQSES -
OSSIFICATION CENTRES OSSIFICATION CENTRES
_ OF THE _AXIS

OF THE ATLAS

@
Cond




The sacral segnments are separated irom each other in
infancy by intervertebral fibrocartilages. The lowermost two
unite around eighteen years of age and union proceeds
graduakly upwards. Therepiphyses for ths superioxr and
inferior aspects of the vertebral bodies fuse around sixteen
years of age; the epiphyses on the lateral aspects of the

sacrum fuse between eighteen-and twenty years of age (Epstein,

1976).

3.3 Functions of the Spnine.

The structures of an antatomical feature such as the
'spine have to be seen as a result of the functional demands
placed on it to bring about adaptation from its evolutionary

precursor. .

The history of the spine started with early fishes where
the demand for a skeleton of some kind fox locomotion, plus
the necessity of a streamlined shape, resulted in the
development of an internal longitudinal structure for muscle
attachments. In the evolution of land animals the spine
changed from being solely concerned with locomotion to a
dual function in locomotion and support. This dual function
placed demands on the spine's design to cope with both
mobility and load-bearing, often at the same time so that
flexibility had to be balanced by the need for strength and
stability. The final demand placed on the design of the human
spine arose from the transition from quadrupedalism to

bipedalism which necessitates the shift of the centre of
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gravity of the trunk to be over the hindiimbs. Other bipeds
achieve this by balancing the forward thrust of the trunk
by a tail or by bent knees and hips. However, human ape
ancestry led the human development of bipedalism towards the

unigque straight-kneed, tailless form (Evans, 1982).

The spine is particularly subject to compressive loads,

bearing as it does the whole weight of the body and it is
resistance to compression that has been of primarv
importance in the development of strength. The design of the
intervertebral disc maintains the segmental structure
allowing mobility but also can support large compressive
loads by converting unidirectional:loads into stresses acting
in all directions. The property of the nucleus pulposus’
strong affinity for water and subsequent high water content
gives the nucleus pulposus an intrinsic tension even in the
absence of stresses operating and increases the disc's
resistance to any forces. The force is distributed outwards
fronm the nucleus pulposus to the surrouding annulus fibrosus
and cartilage endplates. The strong intermolecular links
formed between the collagen molecules in the annulus fibrosus
nakes the collagen virtually inextensible and the greater
the tension on the annulus fibrosus the tighter the fibres
pull together and in this way resist the increased pressure

from the nucleus pulposus.

The cartilage endplates are structurally weak in
resisting forces but act to distribute forces equally over

the surface of the vertebral body. Under heavy compressive
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forces the cartilage endplates

give wayve.

The cancellous bone of the vertebral bqqies is arranged
in trabeculae along lines of compressive force. There are
also two fans of trabeculae from the surfaces of the vertebral
body into the articular processess Through the length of the
whole spine the vertebral bodies and articular facet joints

form a three pillar structure of support.

The intervertebral disc is less goad at resisting
torsion and bending forces so mobility is limited to restrict
the occurrence of such forces. The projections from the
neural arches i.e. transverse processes, spinous processes
and articular processes restrict mobility between vertebrae,
although this varies in different parts of the spine, as
described earliexr. In particular the articular joints seem to
prevent excessive torsion and indeed seem to resist torsion
the more the compressive load is increased. Damage or
degeneration of the articular joints therefére reduces the
limits on torsion and increases the risk of disc degéneration.
The disc's own resistence to torsion depends on the annulus
fibrosus as the gel of the nucleus pulposus can provide no
resistence to torsion, so damage to the annulus fibrosus'

can play a crucial role in the degeneration of the disc.
The disc, although linking the vertebral bodies,

actually tends to push them apart due to the outward force

exerted by the nucleus pulposus. The overall intrinsic
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stability of the spine is provided by the ligaments running
the length of the spine binding the bodies together. These

ligaments are under tension and so pull the bodies towards

one another, counteracting the opposite force of the disc,

The 5-shaped curvature is a very distinctive feature

of the human spine. The thoracic kyphosis is a trait of all

W

mammals and i3 related to the respiratory cage. The cervical

lordosis sexrves to counteract the forward weight of the head
to maintain the centre of gravity over the hips. The lumbar

lordosis, not seen in any animal ather than humans, partially
counteracts the thoracic kyphosis, but more importantly

appears to be related to attaining the last few degrees of

e with straight knees since the lordosis is
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not present in humans when tilting slightly forwards

(Evans, 1932).

Kapandji (1974) has argued an additional role for the
curvature of the spine in weight-bearing.Drawing on
engineering principles he argues a curved coiumn can resist
axial compression at about fen times greater force than a

hypothetical straight column.

The vertebral bodies are linked by two longitudinal .

ligaments running anteriorly and Dosteriorly from the sacrum

to the basi-occipit. Both are firmly attached to the

intervertebral disc and adjacent bone margins,; but less so
to the rest of the vertebral body.
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2.4 Identification of Done Zlementse.

Identifying the position in the spine of a vertebra is
necessary in archaeological samples. The three groups of
vertebrae each have different morphology from one another and
SO can be easily distinguished. The identification of the

specific position within the group can also be done with

}—d

relative ease if the spine is more or less complete. However,
without other segmenits of the group preserved identification
can be more difficult. This is particularly true of the

thoracic vertebrae.

two cexrvical vertebrae are very distinctive
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The
and easily identified. The first, called the atlas, has lost
its wvertebral body to the second, called the axis, where it

used onto the axis' own vertebral body in the form of

s

e

an upright pivot, called the odontoid process or dens, around

which the axis turns, forming an additional joint to the

\Q

facet joints. The other cervical vertebrae are distinguished
by quadrilateral shaped bodies, a triangular shaped spinal
canal and backwards and upwards facing superior facets. The
cervicals have two partiéularly characteristic feétures.

The spinous processes are forked or bifid at the ends. The
transverse process forms the back wall of a foramen, the
foramen transversarium, which carries the vertebral arteries
and veins. The rest of the bone surround of the foramen
transversarium is the homologue of a rib and gives rise

to anterior and posterior tubercles. The sixth and seventh

cervicals can be distinguished from the other cervical




vertebrae. In the sixth cervical the anterior tubercle is
very prominent and is called the carotid tubercle. In the
seventh cervical the spinous bpbrocess is very prominent and
ends in a tuberclzs. The transverse processes of the seventh
cervical are also more prominent than the others and the
foramen transversarium is smaller as the vertebral arteries

and veins are not carried beyond the sixth cervical.

The thoracic bodies are larger than the cervical,
increase in size progressively down the column and change from
quadrilatéral in shape to more rounded. The transverse:-
processes point slightly backwards and end in blunt rounded
tins, the superior facets face backwards and slightly dpwards
and laterally up to the tenth thoracic. The spinal canal shape
changes from oval through circular to a rounded triangular
shape from the first thoracic through to the twelfth. The
spinous processas of the upper thoracic spine are heavy
and are angled sharply-downwards becoming increasingly
vertical down the column. Particularly characteristic of the
thoracic vertebrae are the presence of articﬁlar facets on
the bodies and 6n the tips of the transverse processes for
articulation with the rib heads and rib tubercles. The first,
ninth, tenth, eleventh and twelfth differ from the others and
can be identified from the others. The first thoracic bears
similar resemblances to the cervical vertebrae in having a
guadrilateral shaped body and relatively long transverse
processes. In the thoracic vertebrae from the first through
to the eighth, the articular facets for the ribs are

positioned between vertebrae so take the form of a demi-facet
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on th2 superior and inferior edges. In the ninth thoracic
this cdemi~Iacet only occurs on the superior edge. In the
tenth through to the twelfth only one complete facet occurs,
the transverse processes are short and have no articular

ace for the rib tubercle. The patterns of the superior

Hy

cet. joint changes between the tenth and twelfth thoracics

Fi
Al

usually at the eleventh thoracic to the lumbar pattern

being concave and facing backwards and medially.

The lumbar vertebrae are distinctive in their size,
being much bulkier than the thoracics, wider from side-to-
side than from back-to-front with heavy spinocus processes
- which are quadrangulax and lie horizontal. The spinal canal
is larger than in the thoracics but not so large as that of
the cervicals, and is triangular in shape. The superior
facets are concave and face medially and somewhat backwards.
The transverse processes vary, being shorter in the first,
second and fourth than in the third, and are variable in the
fifth. In the first three lumbars the transverse pfocesses
originate from the junction of the pedicles and the neural
arch, whereas in the fourth and fifth lumbars it originates

from the pedicle itself, The fifth lumbar is usually

y wedge-shaped, the front being much deeper than the
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.5 Introduction to Osteoarthrosis and Osteophytosis.

W

Osteoarthrosis is the commonest form of the arxrthritic

diseases in modern populations, and most probably was also




40 °in the past. The recognition of osteoarthrosis as a
separate disease from rheumatoid arthritis was achieved by
Adans 1n 1859, As with most of the arthritic diseases, there
are numerous synonvms for osteoarthrosis in the medical
literature. Garrod introduced the term osteocarthritis in
1890, which has been the most commonly used term until recently.
Osteoarthritis implies as inflammatory process and is
therefore an incorrect description of this disease which is
non-inflammatory. Osteoarthrosis is used here (Nuki, 1930).
Also ponularly used in current literature is Degenerative
Joint Disease, a term pioneered by Bennett and Bauer (1937).
Csteoarthrcsis denotes a non-inflammatory and progressive

.disorder of thz joints causing degeneration and loss of
articular cartilage, with associated proliferatioﬁ of +the
articular tissues at the margins and base of the joints.

The disease 1s localized to any given joint or even part of
a joint rather than a systematically expressed disease. The
sequzance of changes in the various articular tissues is
very little understood and indeed it seems most unlikely
that a definite description of the relative timing of

‘changes will ever be possible. Osteocarthrosis appears to
cover a wide range of patterns of changes in articular

issues all bringing about the same overall result of
degeneration and proliferation (50kolofi, 1980).

Csteocarthrosis is further divided into primary and secondary

ok

osteo
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rthrosis, Osteocarthrosis is associated with mechanical
demands on the joint, a wear and tear process that is
progressively cumulative in its effects over the years.

Secondary ostezoarthrosis is found where injury, trauma or

poud.
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sone indirect factor predisposes the joint to abnormal

mechanical strain. Primary osteoarthrosis would appear to

occur spontaneously with no very obvious predisposing factor.
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ons of etiological factors of course, any factor
which causes an increase in mechanical demand or a decrease
in the joints resistance can be an.important influence
which leaves the range of causative factors very wide (Radin

et al.,; 1980).

There 1is a very strong correlation with age both in
frequency in a population and the severity of the disease.
Debate persists as to whether the normal changes of senescence
-include the changes of osteoarthrosis or whether
osteoarthrosis is to be interovreted as something abnormal at
any age. Bennett et al. (1942) suggested that the changes
in the articular tissues of osteoarthrosis were merely mnore
advanced forms of normal senescent changes. Therefore by a
certain age a limited amount of osteocarthrosis could be
viewred as a normal condition (Bohatiiphuk, 1955, 1957). 4
what point a distinction is made between a normal amount of
osteoartﬁrosis and a pathological state is almost undefinable.
Stecher (1961) by contrast states that the changes in the
articular tissues of osteoarthrosis include the normal
age-related changes, but also involve in addition congestion
of the synovial membrane, fibrosis and an increased blood

supply. Host recent authors treat osteoarthrosis as a

pathological condition; regardless of how Lfrequent it may be

in most mopulations.




Osteocarthrosis is seem as a disease originating in the
soft articular tissues, particularly the articular cartilage,
with bone responses as secondary developments. This view has
traditionally been held by Eﬁglish eaking researchers in
confrast to Zuropean work which has emphasized the
alterations of bone as the primary change. This latter view
hés been advocated recently by Johnson (1962) who stresses
the dynamic quality of joint tissues which 1is responsible
for continued remodelling of the joint throughout life. ‘“When

the remoddelling rate exceeds the rate of cartilage repair

then osteocarthrosis develops.

Since many different patterns of joint changes are
recognized to lead to-.an osteocarthrotic state it is possible
for a resolution to be found to these apparently opposed
views of pathogenesis in that both could be true and have a

close relation to each other (Sokoloff, 1972).

Csteoarthrosis describes a disease of synovial joints
which does not include the joints between the vertebral bodies.
Again there are numerous synonyms for the comparable

degenerative and proliferative changes of these joints. Here

it will be texmed osteophytosis. Other widely used terms are

spondylosis, spondylosis deformans. Degenerative Joint

Disease can cover both types of joint as a catch—-all phrase.

Although the vertebral body joints involve a different form

of connective structure the general features of osteophytosis

[$¥!

are the sane 25 1in osteocarthrosis.
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3.6 Degenerative Changes in the Soft Tissue.

As already stated it is impossible to distinguish a
sequence of changes in the cartilage and although many authors
have done so, reading the different papers together gives
a picture of inconsistent results. The following are the

main changes noted in the appearance of the cartilage.

The cartilage is seen to undergo focal areas of
softening where the cartilage matrix appears to swell and
manifests an increased affinity for hematoxyvlin, which is
taken up by collagen. There appears an associated increase of
chondrocyte nuhber adjacent to the softened areas and a
decrease in number of chondrocytes within the actual area
itself, The cartilage splits along the planes of the collagen
fibres with:a'.loss of intercellular substance. “Jhen this
dehiscence goes no further than the tangential layer of the
surface, it is termed flaking. Once the disruption and
greater loss of intercellular substance extends to the
deeper radial layer, it is called fibrillation. Clusters
of chondrocytes have been reported at the edge of the
minute fissures in the cartilage, seen either teleologically
as a response to the dehiscence in a reparative attempt,
or mechanistically, as resulting from increased access to
the nutritive synovial fluid (Sokoloff, 1972). The

fibrillated cartilage has lcst the smooth, shiny appearance
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normal cartilage and the surface appears irregular
(3techer, 1961). The fibrillated cartilage becomes eroded

and thinning of the joint space is a common roentgenological
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finding (Jaffe, 1972). On the othexr hand, proliferation of
chrondrocyfes can cause thickéning of cartilage in other
parts of the joint (Stecher, 1961). Thes areas affected by
erosion and thinning axre thought to be the areas of pressure
in the joint, while theé.non-pressured areas experience
proliferation and thickening (3techer, 1961). However,
Bullough et al. (1973) have-reported-the earliest erosion
occurring not in the main pressure areas, so the relationship
between strains on the joints and responses are not direct
and straightforward as at firstvfhougbt. The changes of

fibrilliation also occur a3 a senescent procass.

In addition there are changes reported which appear to
be specific to osteoarthrotic cartilage. Normal cartilage
does not show alteration in cell counts-once adulthood is
achieved whereas evidence of chondrocyte death has been
identified at submicroscopic level (leachim and Collins,
1962), Stecher (1961) claims congestion of the synovial
membrane and fibrosis of the capsule are other changes not
seen in normal aging tissue. Lloyd-Roberts (1953) has studied
the matter causing éongestion in the joint capsule and finds
it to be cartilage and bone debris, thought'to have been
eroded from fibrillation and the further extensive damage
which reaches the bone. Work of the:hip has demonstrated a
proliferation of hlood vessels penetrating into the
cartilage from the subchondral marrow (Jaffe, 1972), which
is not observed in normal cartilage. Stecher (1961) sees the
invasion of capillaries and larger blood vessels as part of

a process in the non-pressure areas which starts with a




proliferation of cartilage which in turn degenerates and

is invaded by these blood vessels. Remodelling processes
occurring in the subchondral bone cause a shift and
reduslication of the cartilage/bone border, as bone replaces
degenerated cartilage (5techer, 1961; Jaffe, 1972).
Hollander and Hoxvath (1953) report that the iﬁtra—articular
temperature is increased in osteocarthrotic knees compared

to normal ones. The histologically observed results of
cartilage change of dehiscence, fibrillation, erosion etc.
have been repoxted many times and are widely recognized now,

only the interrclationships are less well understood.

Researchers have turned to studying the biochenical
alterations of cartilage for further insights. Much work
in this area comnes from tHankin and his colleagues and it
is from their publications mainly that this summary is
drawn (iankin and Baron, 1965; Mankin and Laing, 1967;
Mankin, 1968; Mankin and Lippiello, 19703 Mankin et al.,
1971; Mankin, 1974). These are changes found specifically
in the biochemical structure of osteocarthrotic cartilage
not just aging cartilage. The matrix of the cartilaée
undergoes a reduction in the proterglycan content with
osteoarthrosis (Mankin and Lippiello, 1970; Maroudas et al.,
1973). The proteoglycan molecules supply most of the
charge of cartilage and it is thought the ilonic charges
bind water in the joint, a concomitant decrease in water
content would be expected with the proteoglycan decreases
However, there is no evidence for this and there 1s sone

evidence for an increase in the water content in
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osteoarthrotic cartilage (Ehrlich and Mankin, 1980). It has
been proposed that this may result from water becoming
trapped in fissures in the osteoarthrotic cartilage and thus
giving a false impression of the bound water content, or
that in the absence of proteoglycans, waterx binds to the
collagen molecules (Ehrlich and Mankin, 1980).

Actual production of proteoglycan has been demonstrated
by a number of researchers to increase in osteoarthrosis.
The increase in production is proportional to the severity
of the disease up to a certain degree, at which point
production drops sharply. This is seen as a point of failure
;by Ehrlich and Mankin (1980) and this concept recurs in
their observations on biochemical alterations,

The type of glycosaminoglycans produced changes in
osteocarthrotic matrix in that keratan sulphate decreases
relatively and the ratio of chondroitin-4-sulphate:
chondroitin-6-sulphate increases. This finding seems
controversial, other workers not having obtained this result.
Mankin (1975) reported no increase in production of
chondroitin-4-sulphate so some preferential degradation of
keratan sulphate and/or chondroitin-6-sulphate must be
operating if the changes reported are confirmed in further

researches.

There has to be an increase in the degradation of
proteoglycans if both a decrease overall is recoxrded

together with an increase in production. A number of
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degradative enzymes have been found to increase their

activity in affected tissues. again in proportian to the

disease's severity. The fact that the degradative activity

is initiated from those focal areas of cartilage affected

(Ehrlich et al., 1973), while the production is also enhanced,

presumably in a reparative response, involves a balance

between the two processes which many factors could disrupt.
The collagen production in the cartilage has been

shown to increase along with collagenase activity. Again this

increase 1is proportional to the disease's severity up to a

point of failure.

Similarly with cells, a proliferation occurs particularly
in the early stages of the disease, increasing with severity
to the point of failure. So the biochemical changes in
ostevarthrotic cartilage involve on one hand reparative
éction with an increase in proteoglycan and collagen'
production and cell proliferation balanced by degradative
activity of enzymes and collagenase. There seems to be a
point of. failure where the disease has progressed to a
certain severity and reparative activity falls off. The
mechanism by which these reparative and degradative
activities are triggered on and off is unknown, Or at best,
speculative. The precise effect of these changes on the
functional integrity of the joint and its resistance to stress

are equally unclarified,

The synovial membrane is the least affected of all the
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joint tissues, but in severe states of osterarthrosis will
beconme congested and somewhet villous. Jaffe (1972) lists

0ssible alterations that may be seen in the meabrane:

e

2. Islands of cartilage proliferation

D. 5mall pedunculated fatty and fibrous polyps containing

cartilage, which may become partly ossified. |

c. Villi, which have become necrotic through being caught

and compressed between bones.

d. Large, bulbous, fatty villi.
The membrane may come to incorporate debris from the
articular surfaces of bone and cartilage, which can cause
irriation and proliferation. The joint capsule may become

distorted or even slightly thickened (Jaffe, 1972).

There has been some suggestion of alterations in the
synovial fluid, causing disruption of the lubrication
pDrocesses. Diseases involving disruption of the fluid such
as haemophilie or gout, are often accompanied by the onset
of degenerative changes (Jurmain, 1975). However, Sokoloff
(1972)‘concludes that there is no satisfactory evidence for
a role by defective lubrication in the pathogenesis.of

osteoarthrosis.

3.7 Degenerative Changes in the Hard Tissue.

The complimentary changes in the bone tissus of the
joints are of five kinds:
2. Osteophyte formation

b, sclerosis of bone under the damaged cartilage
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ce. pitting and eburnation
de. formation of subchondral cysts

e. shifting and reduplication of the bone/cartilage border.

Bone growth in osteoarfhrosis can occurAat two sites
in the joint. Exophytic growths, or osteophytes, are seen
at the margins of the_joéq?magqﬁq§ggsition of new bone takes
place in the marrow cavity subjacent to the cartilage.
Osteophytes are the most characteristic osteological sign of
osteocarthrosis. However, although always present in the
disease, they are not a specific diagnostic criterion, if
found alone. Reports of osteophytic growth in old but
non-osteocarthrotic joints such as the humerus and the fenur
have been published (Jaffe, 1972). Osteophytes canfollow
one of two pattexrns of growth, either as protuberances
into the joint spaces or as ossifications of the capsular
;igamentous attachments-(Sokoloff, 1972),., In both cases the
direction of growth follows the lines of mechanical force
exerted on the joint, taking the path of least resistance
by following the contour of the joint outwards. The
osteophytes are usually found to have formed continuonsly
with the spongy trabeculae of the adjacent bone area. They,
themselves, are composed of spongy trabeculae and fatty
intertrabecular marrow with a layer of bone continuous with
the joint surface (Jaffe, 1972). The bone of the osteophyte
is normally fragile and covered by a fibrous cartilage and
possibly synovial fibrous tissue (Sokoloff, 1980). The
osteophyte will itself become involved in the osteocarthrotic

process, its cartilage fibrillated, abraded and the
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osteophytic bone exposed.

A favourite explanation for the presence of osteophytes

is a teleological, mechanical one. The osteophyte provides

w

an increase of the bone articular surface over which loads
can be spread relieving the pressure from the cverstressed
joint (Radin et al., 1980). However, the bony outgrowths

can cause impediments to the mobility of the joints,
impairing function (Sokoloff, 1969, 1980). The origins of the
osteophytes, or the triggers to their growth are speculative.
The most popular idea is that the osteophytes arise from
overgrowths out from the subchondral bone. Vascularization

. 0of the cartilage from the subchondral marrow increases in
osteoarthrosis (S5techer, 1961) and the ares on the periphery
of the joint are particularly well-nourished, with the
presence of adjacent synovial vessels. Cartilage around this
region becomes calcified, forming new enchondral bone as
part of the remodelling process. Collins (cited in Jurmain,
1975) sees this overgrowth of bone, stimulated by increased
vascularization, as part of a process where cartilage has
first been worn away from the bone surfaces. However, a
problem with the Collins wview and the view of Radin et al.
(1%80) where osteophytes are a direct response to mechanical
stresses, is that osteophytes form in regions of the joint

which do not transmit weight (Harrison et

n
(o)

of low stress an
al., 1953), Stecher (1961) presents a model of a process
whereby cartilage proldiferation occurs in non-pressured

areas and subsequently degenerates from inadequate

nourishment. This inadequacy arises from the cartilage
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becoming too thick for diffusion to operate in the absence
of sufficient action and movement in the non-pressure areas.
Increased vascularization, ossification of the degenerating
cartilage and osteophyte formation are then the result.
Johnson (1962), as will be seen below, sees joint remodelling
and imbalances therein as the primary initiating factor in
osteoarthrosis. This view then sees the osteophyte as
resulting from some upset of equilibrium between formation
and resorption, similar to the cartilage changes already
noted. The exact roles of the relationship of such a
disequilibrium :to function and distribution of stresses is
still obscure. Osteophyte formation is, therefore, best seen
for the present as a single response to many different

patterns of preceding events (5okoloff, 1969),

As the articular cartilage 1s worn away, the subchondral
bone becomes exposed and will rub against the opposite
articular bone surface. Bone growth in response to this
friction is manifested by sclerosis of the bone. This is
deposition of new bone on the existing trabeculae giving a
hard, dense appearance to the bone surface. Continued rubbing
gives the bone a polished appearance reminiscent of ivory
and thus termed eburnated. ¥With eburnation the surface layer
will show necrosis of osteocytes, presumed through heat
generated locally from friction (3Sokoloff, 1980). biore

extensive eburnation. with grooves forming and minute

h

fractures, 1s accompanied by more extensive bone necrosis.
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This situation is the comnon state of severe ostecarthrosis

]

and the necrosis of the bone is most probably the proximal




cause Of much of the observed deformity even if not the true

ultimate cause of the osteoarthrotic changes.

In spite of the hard, ivory appearance of sclerotic
bone, it can be quite weak, mainly due to formation of cysts
below the articular surface. 5uch areas represent degeneration
of marrow and trabeculae and new bone is formed encircling
the spaces, These cystic areas have been shown to be
deficient in blood vessels and most often positioned with
the apex at the eburnated articular -surface. These cysts
sometines contain fluid and it has be=2n proposed by Landells
(1953) that the cysts are formed by the intrusion of synovial
fluid, or at-any rate of pressure coming from the articular
cavity through defects in the articular cortex into the
bone marrow. The pressure is dissipated radially to the
surrounding bone marrow compressing blood vessels in the
region and leading to the degeneration of blood supply,

marrow and trabeculae locally.

Finally, throughout life remodelling takes place in
both bone and cartilage which can affect the contour  of the
jointe. In skeletal growth, both cartilage and the bony

vses contribute to enlargement through endochondral
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ication of calcified cartilage. The border between the
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calcified and non-calcified cartilage is known as the tide-
mark in histological preparations. Old tissues

teristically show the presence of several parallel
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tidemark lines witnessing to a progression of calcification

and new bone formation through remodelling. Although not
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per se an osteoarthrotic change emphasis has been laid by
Johnson (1962) on this process as the initial process to be
disrupted in the development of osteoarthrotic changes, thereby

interpreting the hard tissue changes as the alterations of

primary importance rather than those in the cartilage.

3.8 Disc Joint Changes din Osteophytosiss

As noted earlier, Sokoloff (1972) while accepting a
terminolggical'distinction.betweén {he degenerative joint
diseases of the synovial and disc joints, sees no reason for
this necessarily to involve a difference in the pathological
processes. It is common to find a strong correlatiOn between
the degeneration of the two types of joint in the spine. The |
changes occurring in the respective tissues of the two kinds
of joint are remarkably similar. The fibrillation of the
cartilage endplates, by which the disc is attached to the
vertebral bodies, is indistinguishable from that of synovial
articular cartilage. Similarly, with degradation of the
intervertebral disc, the bone changes involve eburnation and

osteophyte formation.

The formation of osteophytes is thought to occur in
response to the mechanical stimulus of the protrusion of
the annulus fibrosus against the ligaments on the anterior
mnargin. Posteriorly placed osteophytes can occur and,
although are ‘far less common, are of greater clinical
importance since they protrude into the spinal canal; It is

possible to find advanced degeneration of the disc without



conconitant osteophyte formation and also the converse where
ostzophytes are well formed with no evidence of obvious

degeneration {Jaffe, 1972). It would seem therefore, that

the formation of osteophyte§ is not a direct response to
degeneration and forwaxrd protrusioﬁ of the disc, but more
directly from the pull on the ligaments under pressure. This
can occur in physical labour without degeneration of the disc

first (Jaffe;, 1972),

2.9 Using Degeneration in the Snine for Aging Purposes.

The identification of the osteological units of the
"spine is fairly simple, certainly at least into the three
regional groups.

The identification of degenerative joint disease  is not
so sim@le as it is thought that the initial changes occur
in the soft tissues. This, of course, is not available in
archaecological samples. The nmost distinctive bone change is
the development of osteophutes. This may not; by itself,
represent degenerative joint disease, but 1s a concomitant
development of age. Therefore, although it may not be strictly

“true to refer to osteophytic growths as degenerative joint

s is equally

0]

discase, their presence in non-degenerative stat
related to age so will serve the purposes required here.
Students of palaeopatliology may wish to be more precise in
their diagnostic critexria. The more severe cases will manifest

sclerosis and eburnation which are easily recognized.
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Chapter 4, ETIOLOGY AND AGE RELATIONSHIPS OF DEGENERATIVE

JOINT DISEASE.

There is a multitude of publications on research into
etiological factors which it would be quite impossible to
cover fully. Therefore, only a very few papers have been
selected for discussion here to provide an illisstration of
the main issues under debate. Two books have been of
particular help as introductions to the subject and the
questions researchers are tackling. These are:

Sokoloff, L. (1969) The Biology of Degenexative Joint Disease.
and

Nuki, G. (ed.) (1980) The AetiOpathogenesis‘of Osteoarthrosis.
‘In addition the theses by Jurmain (1975) and Chapman (1968)
have been useful guidelines for an anthropological

perspective,

The review of etiological factors is diwvided into
sections defined by the nature of the researchs: comparative
studies, experimental induction, natural secondary occurrence,
population studies o6f the primary form and archaeological
evidence of the disease. Specific studies of the spine are
then considered, followed by a review of the reports of
relationship of the disease to age and sex, first, in general
and secondly, in the vertebral column. This very last part

is, of course, the one of most direct relewvance to the aims of



the thesis,

The range of different results to have come from
research into the possible determinants of degenerative
Jjoint disease point to one conclusion only, that degenerative
joint diseaée is the final common outcome of many different
etiological factors, processes or pathways. Radin et al. -
(1980) do not mince their words over the matter : (p. 84)
"anyone who attempts to suggest that osteocarthrosis isu
caused by a single factor, be it congenital, developmental,
vasculaxr or traumatic, is a fanatic and should be treated as
such." The function of the joint depends on a balance
maintained between the forces exerted on the joint, and the
joint's ability to withstand these forces., Any factor which
either increases the mechanical demands on the joint, or
decreases the joint's resistance, to arpoint where theré is
an imbalance between demand and the resistance will be a
potential etiological factor. Many such factors have been
identified through experiments and epidemiological studies,
and in any incidence of degenerative joint disease, 'a number-
of etiological agents are probably involved. It is necessary
to explain the different diétribution of incidence within a
population, between populations, between different joints
of the body or even between different parts of the same

joint and the level of severity observed. Difficulties in

finding one etiological agent to explain all these observations

again suggests an involvement of multiple factors.




There appear to be four kinds of degenerative joint
disease which may have varying importance of etiological
determinants to one another. The four are:

Osteocarthrosis ~ of synovial joints

Osteophytosis = of intervertebrél Jjoints

Generalized ostecarthrosis = multiple joint involvement

Heberden's Nodes - involvement_of digits.
It has even been suggested that osteocarthrosis of each joint
should be treated as a separate disease, that is as
osteocarthrosis of the hip, of the shoulder etc. (Stecher,
1961), There is, of course, some validity in the idea that
each joint has its own peculiar structure and spécific
demands upon it and will therefore be more or less susceptible
to the various agents. For this reason, the structure of
particular interest here, the spine, is treated separately
at the end of the review, albeit at the expense of some
repetition. Nonetheless, in the overall review here, only
the foﬁr forms listed above will be referred to specifically.
The four typés also overlap considerably in the relationship
of factors which will be implicit when all four are treated
together under the general term of degenerative joint

disease.

Jurmain (1975) groups the possible factors in etiology
into two broad categoris AS follows:
systemic factors - age, sex, metabolic, hereditary, vascular,
endocrine, disturbed nutrition.
operating factors (mechanical/functional) ~ trauma (acute),
occupational (chronic trauma), increased

weight-bearing from obesity.




Systemic factors alone seem unlikely to explain the occurrence:
of the disease which is localized, often to one joint or

part of a joint. Mechanical demands, on the other hand, do

not always explain distributions within a population or
localization in non-weight bearing joints,; such as the hands
which are frequently involved. A complex interaction exists
between the systemic and mechanical-influences representing

the internal and external environments of the joint.

As mentioned above, the material is grouped here by the
type:zof study rather than by etiological factor as in
Jurmain (1975). This is thought to better emphasize the

‘multiple involvement of factors, rather than treating each
factor in turn which draws the reader to thinking in a

single factor context. —

4,1 Inter-specific Comparative Studies.

Results from inter-specific comparative studies with
other animals give insights into disease processes. Some
diseases are species specific and cannot be compared in this
way and it must always be questionned if an apparéntly
similar non~human disease can properly be defined as. the

same disease as the human variant.

A report by Stecher (1958) of degenerative changes in
the left knee and lower spinal bodies of an aged Gorilla,
can be used as an example of the similarity of the changes to

those of human degenerative jointsdisease. Stecher (1958)




describes the changes and states that the observed .-
abnormalities in the gorilla skeleton can very easily be
interpreted as three diseases observed in human subjects:
sacralization of the fourth lumbar vertebrae to the sacrum
(gorillas only have four lumbar vertebrae), détééphytésis

of the second and third lumbar bodies and osteoarthrosis of
the synovial joints seen iq_thg_}giEﬁqorilla knee.
Perforations were also present on the lumbar bodies
ressembling those sometimes observed in human material and
thought to be the result of a proliferation of blood vessels.
Fox (1939) made a comparative inter—specific study of joint
degeneration, based on 1749 animal skeletons and claimed that
- the identification of lesions in non-human species was not

difficult 9 finding the examples showed strong similarities

to human degenerative joint disease.

The association of aegenerative joint disease with
nutritional disorders has been discussed by Sokoloff (1960)
in a review of animal studies. There is no evidence of
degenerative joint disease connected with rickets or excess
vitamin A intake in horses. Avitaminosis can lead to
degenerative changes, but this may not be a direct
relationship as the epiphyseal development could be affected
first causing joint disruption. Investigations_of copper
deficiencies give contradictory results at present. The
administration of copper supplements was reported to
alleviate the condition in one report, whereas the evidence
that copper deficiency creates defective bone formation.

suggests that the degenerative changes could again represent
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developments secondary to joint disruption. Similar
conflicting reports exist on the role of general nutrition
on pedal arthritis in horses. A Swiss report claims: nutrition
appeared not to be at all important, whereas a paper by
Greenlee (1939, cited by Sokoloff, 1960) staées that

dietary supplements can protect against the development of
the disease. As regards toxicity, chronic selenosis has been
demonstrated to cause hypertrophy and sloughing of the
hooves. Fluorosis can lead to cortical hyperostosis of the
spine but there is no evidence of an association with

ankylosing spnodylitis.

Comparisons of non-human species, experiencing a wide
range of different mechanical demands upon their joints,
can provide information as regards the role of external
factors on joint function. Sokoloff (1960) points out that
any horse-dealer "knowsﬁ that certain t&pes of body
configuration in horses will be more prone to degenerative
joint disease, depending on the kind of work to be done.
Such differences are presumably geneticallynipfluenced via
the body build's susceptibility to wear and-tear (Sokoioff,
1960). As a general feature, hip osteoarthrosis tends to be
rare in horses whereas some breeds of-large dog suffer
frequently. For example, German shepherd dogs can show a.
frequency of 675% with severe osteosrthrosis by a relatively
early age.(Sokoloff,.:%973), Petsy. especially old cats and

dogs may quite often show some degree of degeneration.




It has been a common notion that wild animals tend not
to show changes of osteoarthrosis and osteophytosis, but
.rathex that the non-human species showing degenerative joint
disease are either those that have been domesticated or live
in captivity both of which represent conditions abnormal to
the environment for which the species is functionally designed.
Two broad comparative reviews refute this notion. Both
samples are made up of a mixture of both wild and captive
animals, and degenerative changes are observed amongst wild
specimens of a species equally well as amongst the captive

specimens.

Schultz (1956) has both reviewed the literature and made
his own observations on non-human primate arthritides in
general. He concludes that what he calls 'chronic arthritis', |
which appears to be equivalent to osteocarthrosis or
osteophytosis, appears to be limited to the catarrhines. It
is only rarely seen amongst the lower species of catarrhini
(the cercopithecines), is fairly common in baboons and has
the highest frequencies amongst gibbons, orangs and gorillas.
Amongst this latter group, sufficient information was
available to also observe a rapid increase in frequency with
age. Schultz does not discuss his findings at all, but the
most affected were longer-lived, larger bodied species which
is in keeping with Fox's (1939) results (see below). Why only
the catarrhini are affected suggests a possible genetic
explanation, although the most frequently involved species
mentioned by Schultz, have no equally large~bodied, long-

living counterparts amongst the platyrrhini, so the apparent
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isolation of the catarrhines in susceptibility is misleading.

Fox (1939) studied 1749 skeletons, a mixture of wild,
captive and domesticated animals from a wide range of
taxonomic groups. He found no relation of degenerative joint
disease to phylogeny. The major conclusion was that amongst
those species displaying degenerative joint disease, the
majority were macrosomic species rather than small bodied
ones. Some bulky species seemed to have escaped involvement,
for example Rhinoceros and Camel, although Sokoloff (1960)
reports that degenerative joint disease has been recorded in
these two species by other.researchers. Within the affected
" group, the carnivora display more osteoarthrosis in the fore-
quarters and more involvement of the caudal spine in contrast
to the artiodactyla gwhere the hindlimbs werxe the most
affected part togethexr with the cephalad spine., Fox (1939)
suggests a functional explanation for the observed differences.
Jolt-shock and locomotive power may be reéponsible for the
localization of osteoarthrosis in the carnivora forelimbs and
hindlimbs of artiodactyla. Similarly, the af%ected pertion of
the spine could be related to the degree of mobility pfesent.
Where the greatest amount of stabilization of the spine is
necessary for the animals' locomotion, there the osteophytosis
is seen to arise most. Those animals which hang from trees
rather than bear their weiéhtg thereby experienciﬁg tension
rather than compression, do not show signs of-osteoai:throsis°
The primate group show the greatest incidence of
osteoarthrosis in the hands and represent the group in which

the hand is most evolved for mobility and multiple function.




These two studies still remain the only broad comparative
- studies and it is regrettable more detailed comparative work
has not fdllowed on from their initial 'censuses' in analyses

of specific biofhechanical stresses of locomotory activities.

4.2 Experimental Induction.

Labaratory experimentation can provide a means of
exploring specific potential effects of a single controlled
variable. However, the extent of stress exerted by any one
variable is normally far greater in experimental situations
~than ever occurs in natural situations, and thus only provide
fsuggestions of potential factors rather than specific proof.
The use of experimental research can serve to eliminate

possible influences. -

A vast range of chemical and physical insults have been
applied to animal joints in experimental situations to induce
degenerative joint disease. The major outcome of such

experimentation is summarized by Sokoloff (1969).

The introduction into joints of acids, microbial
products and irritants, produce osteoarthrotic changes.
However, this could well represent an indirect secondary
effect provoked by the synovitis caused by the introduced
matter. Attempts to selectively alter the matrix balénee have
notiproduced totally successful results. The introduction of
papain into rabbit joints does produce degenerative changes,

but again synovitis is also produced so that it is difficult “&°




to assess the exact degree of the proteolytic action
induced on the ground substance, and therefore the drug's
direct responsibility for the observed lesions. Kalbhen (1980)
gave intra-articular injections to the knee-joints of hens
using a number of drugs, chosen;ﬁyrtﬁo reasoﬁso First, a
chemical was chosen; known to be a potent inhibitor of the
glycolytic processes which are responsible for energy balance
in chondrocytes. This chemical was sodium iodo-acetate.
Secondly,'a group of drugs were chosen which are used for
anti-inflammatory or anti-rheumatic purposes because they
inhibit the synthesis of glycosaminoglycans, collagen and
other proteins. These drugs were: Sodium Salicylate,
phenylbutazone; oxyphenbutazone, bumadizonej; clofezone,
flutenamic acid; niflumic acid,; indomethacinj; ibuprofen,
salicylamide; dexamethasone-O—phosphaﬁg, Cnly quantitative
effects on the time and intensity of the progression of
osteoarthrosis was found. The most potent agent by far was
the sodium iodo-acetate compound. The conclusion therefore .
was that any chemically induced disturbance of anabolic
activities of the cartilage cells can cause the alterations
of composifion and function leading to degeneration. Of

particular importance was inhibition of the anabolic process.

Major incisions of supporting tissues are not always
sufficient to lead to osteoarthrotic changes. The procedure
seems to need an influence on the joint causing necrosis of
the chondrocytes such as electrolysis before degeneration
follows. However, degeneration does follow major surgery

that leads to a mechanical derangement of the joint in terms
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of deformation of the joint contour or induction of
instability. One such example of the latter is reported by
Williams et al. (1982); who cut the cruciate ligament in
rats and observed subsequent changes Qf ostegpa:throsis in

the knee joints.,.

The mechanical hypothesis. of degeneration resulting
from load-bearing has received much support from experimental
studies. These are reviewed by Sokoloff (1969). The
traditional version is that excessive forces, particularly
compression or increased friction is the mechanical demand
necessary to lead to degenerative joint disease. Compression
" forces which press the joint parts together, do cause necrosis
of chondrocytes. This is seen as resulting from hindrances to
normal joint movement and to the diffusion of the metabolites
necessary for chondrocyte nutrition. However, studies of
immobilization of joints, fixed in extension without any
compressive forces, also results in necrosis of chondrocytes
and the sloughing of cartilage. Presumably, this is from a

similar cause, namely that without any movement diffusion of

metabolites is equally inhibitedias under excessive load.

Experiments of the kinds of mechanical stresses most
likely to lead to degenerative joint disease suggest
continual impact loading cén be the most significant. Radin
and Paul (1971) demonstrated the importance of impact over
simple loading in a controlled experiment using the ankle
joints of cows. The joints were subjected to loads just

under the structural capacity for long periods. Such loads
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did not lead to the wearing of the articular cartilage. When
the same load was exerted combined with impact, wear followed

rapidly.

It is evident, therefore, that disturbégce of métabolites
to the chondrocytes is an important precursor to degenerative
changes of the cartilagef_gs regards mechanical demands,
compression is important particularly combined with impact.

The various joints may well fespond differently to the kinds

-of mechanical demand depending on their primary joint function.

Genetic influences have been demonstrated to be
involved in the occurrence of degenerative joint disease by a
series of experiments with mice by Sokoloff. Different
genetic strains of mice vary in their susceptibility to
degenerative joint disease. As yet the number of genes
involved is unknown butAthe evidence points to the =us @ :li0
susceptibility being recessive. Correlations are often
observed between obese individuals and degenerative joint
disease, presumed a result of the greater ldad—bearing in
obesity. However, experiments with different strains of mice
and different diets found that obesity per se did not lead
té degenerative joint diseases, but rathexr that a high fat
diet lead to both obesity and degeneration and finally that
strains of mice resistant to degeneration were also
resistant to obesity when fed a high fat diet (Sokoloff et al.,
1960). It seems that the liver may be a mediating agent as
thé obesity-resistant strains were also less prone to

develop a fatty liver and concomitant liver problems,
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Sokoloff (1969) suggests that some form of disrupted lipid
metabolism could be a factor in primary degenerative joint
disease, disruption arising in the mice from a genetic origin,
but liable to other causes also. Strains of mice with the
genetic "scratching'" disease were particularly. resistant to
the degenerative joint disease regardless of diet. Also, the
extraction ratio from the thyroid of radioiodide relative to
the serum varied between strains and showed a rough
correlation with degenerative joint disease (Sokoloff, 1959),
Sokoloff does not discuss these findings fufther but merely

uses them as further illustration of a genetic factor.

There appears to be very little work on possible
endocrine factors. Hulth (1969) presents a review paper of
experiments with mice. Injections of ACTH have been shown
to decrease the spontangous incidence of degenerative joint
disease while somatotrophin appears to increase the
incidence. How these are involved in an overall framework
of interacting factors, or are triggered into action by
other contributory agents is not discussed. The main
contribution of experimental studies, therefore, has been

towards elucidation of mechanical and genetic agents.

4,3 Secondary Dedgenerative Joint Disease.

Secondary degenerative joint disease describés those
cases where the disease is a result of disruption in joint
function by a specific event such as an injury, a disease, or

an anatomical abnormality acquired at birth or during the
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developmental phase. The dividing iine between primary and
secondary forms of the disease is not always obvious. Indeed,
the search for etiological factors causing joint imbalances

" itself implies that all degenerative joint disease is
secondary to some other agent in the joint. However, the
term is generally used to refer to those instances of joint
disruption whefe the predisposing agent is wvery obvious and

- beyond question. Diseases, or injuries which cause joint
disruption likeély to be followed by degenerative Jjoint
disease may.have factors in their own etiology or particular
action which sheds light on the etiology of the primary

degenerative changes.

Degenerative joint disease is known to folloﬁ the
metabolic diseases of ochronosis and gout. Ochronosis involves
the depositidn-of homogentisic acid and gout, the deposition
of ﬁrates. Generalized ostecarthrosis is also associated
with gout and also with alkaptonuria. Both of these diseases
are:knownAto have a genetic determinant, adq?ng support to
the genetic susceptibility theory (Lawreﬁce,'1960). Other
disorders having a genetic involvement togethexr with
aSSOCiatéd degeneration are congenitél dislocatidn of the
hip, multiple‘epiphyseal dysplasia, familial coxarthrosis,
Perthes' disease and slipped epiphyses (Lawrence, 1960). -
Disoxrders in the spine which may predispose to osteophytosis
or degeneration in the facet joints are found too iﬂfrequently
for any conclusions to be drawn (Kellgren and Lawrence, 1958).
Gfoss level vascular disorders such as arteriosclerosis or

gangrenous limbs have not shown any association with
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osteoarthrosis (Jurmain, 1975).,

Studies of degenerative joint disease as a result of
injuries were made amongst the population of Leigh, in
South Lancashire, by Kellgren, Lawrence and their colleagues.
They found a significant occurrence of degeneration at the
site of an earlier injury. Although this was found in both
sexes,; it was particularly marked in males, many of whom
worked in physically demanding jobs such as mining so were
more exposed to the possibility of injury. For the knees and
tarsal joints, osteoarthrosis was associated with injury in
about half of all male cases (Kellgren and Lawrence, 1958),
" Injury, therefore, represented an important etiological
agent in males. A study of hip joints in young individuals by
Murray (1973) estimated that half of the hips showing
osteoarthrosis could be classified as cases secondary to
either Perthes' disease, acetabular dysplasia or epiphysiolysis.
>Amongst the primary cases,; Murray -(1973) commented that
even very slght anatomical abnormalities could lead to
degenerative changes. He suggests that youngiindividuals
involved from an early age in sporting activities, could
suffer minor, but significant disturbances &o grdwth. The
strains of athleticism were seen as giving rise to the
later development of osteocarthrosis. An unusual study by
Schneider et al, (1962) of the famous Acapulco divers of
Mexico showed a number of bone changes in the cervical spine
of fractures and other such traumatic damages This was
particularly marked in those individuds who dived with theix

arms outstretched, absorbibg the shock directly onto the




head. In spite of these injuries, little cervical degenerative
joint disease was recorded, suggesting, in contrast to a
number of other: studies mentioned, that recurrent trauma is
not an important agent. The particular nature of the injury
incurred is probably emphasized here in itS‘I;le as a
precursor to secondary degeneration. The injuries of the
Acapuléo divexs may have occurred without damaging the

integrity of the joint structurese.

Studies of secondary cases, thus suggest the importance

of metabolic, genetic and mechanical factors.

4,4 Population Studies.

The greatest insights into etiological factors can come
from a detailed study of the incidence and distribution of
degenerative joint disease naturally occurring in a
.population or series of populations, that is an epidemiological

surveye.

There is much disagreement as to whether the areas of
the joint that show the earliest signs of degeneration, are
the load~bearing (Ekholm, 1956) or non-load-bearing areas
(Bullough et al., 1973). Harrison et al. (1953) found that
non-use of a joint was a more common cause of degeneration
than over-use., Under-use would not give sufficient ekercise
to a joint to force the nutrient bearing synovial fluid
around the joint. This supports the same conclusion

discussed above from experimental studies., In addition to the




necessity of metabolites circulating the joint structures
adequately, actual disruption of metabolic processes has
already been suggested from other types of study. As part of
the comprehensive epidemiological study of Leigh and
Wensleydale, Kellgren (1961) reports findingrabove average
serum cholesterol levels in individuils with osteocarthrosis.
Hormonal influences are proposed as possibly significant in
the development of osteocarthrosis, particularly Heberden's
nodes, by Stecher (1955). He reports that half of the cases
of Heberden's nodes in females occurred within three years
of the last menstruation implying a post-menopausal
relationship. However, the menopause is associated with a
lowered pain threshold, thus the increase in complaints is
an artefact of increased susceptibility to pain not an

increase in occurrence (Copeman, 1964).

Hereditary factors‘have been strongly suggested by
experimental studies and from cases of secondary involvement.
In a comparison of Caucasians and Asians, Byers et al. (1974)
noted that osteoarthrosis of the hip is rare in Asians
compared to Caucasians but find the patterns of change are .
+he same when it does occur. The Terry Collection in the U.S.
is a sample of known age, sex and racial group of white
and black Americans. Roche (1957) and Stewart (1947) recoxd
slightly less spinal degeheration in negro groups. Cn the
other hand, Jurmain (1977) found a slightly higher incidence
of knee osteoarthrosis in the negro group. Incidences in the
major weight~bearing joints are more liable to have been
affected by cultural differences between various groups
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compared. Studies of the hands and Heberden's nodes have
provided more cbncrete evidence of genetic influence. A
family study of Heberden's nodes (Stecher, 1955) found a
high association of nodes with family group. The results are
interpreted as ihdications of a single gene acting dominantly
in females but recessively in males. Different populations
show different frequencies of Hebexrden's nodes, particularly_
in that a lower frequency is characteristic of negro
populations (Bremnexr et al., 1968). Blumberg et al. (1961)
report a lower incidence of osteoarthrosis in the hands and
wrists of Eskimos and suggest that individuals with a
susceptibility to osteocarthrosis would be selected against

- in a population living under rigorous environmental conditions
such as those of the Eskimo. life. A strange, and as yet
totally unexplained finding was reported by Bennett and
Burch (1968) in a comparison of the incidence of Heberden's
nodes amongst the Pima and Blackfoot Indians. The Blackfoot
‘follow the observed pattern elsewhere of a far higher
frequency of nodes amongst females than males. The Pima, .

by contrast, have a greatef percentage of males involved.

It would appear that some other factor in the Pima is
operating'amongst males overriding the usual predominance,

thought to be genetically controlled, in females.

Studies ofimultiple joint involvement or generalized
osteoarthrosis reveal a greater preponderance amongst females
in the studies by Kellgren, Lawrence and colleagues in
Northern England. The observed differences in incidence

seemed to indicate different processes of osteoarthrotic
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progression between the sexes, presumably under genetic
control to some extent. However, conflicting evidence again
comes from the North American Indians. In a comparative
study of incidences between populations of wo;ldwide distrib—
ution, Lawrence and Sebo (1930) find'the North American Indians
have an advantageous resistance to generalized osteocarthrosis
compared to other groups..This is particularly marked in the
females who do not show the higher incidence of generalized
osteoarthrosis characteristic of all other populations. Once
again the extensive epidemiological survey carried out in
Leigh and Wensleydale presents the most detailed information
by analyzing the incidence by family group. The frequency
of osteoarthrosis in four or more joints is higher amongst
relatives than amongst the general population. This finding
could Qot be accounted for by age relationship nor by
occupation. Finally, this survey in Northern England also
found an association between osteoarthrosis and rheumatoid
.arthritis, a disease known to have a genetic:.component.
Evidence of mechanical factors comes f£6m the pattern of
joint involvement in populations. It would be expected that
weight-bearing joints should be the most affected. To a
certain extent this is seen to be the case but some joints
remain universally affected without any obvious mechanical
explanation. The study of Leigh and Wensleydale, one of the
few studies where a large number of joints were examined,
showed great involvement of the fingers which are not
weight~bearing joints. However,; they may be thought to

experience low levels of continual stress from their mobility

ok
it




ands="invalvement in almost any activity..Other joints greatly
affected are those of the lowexr half of the body, that is
the big toe, the knees, the other toe joints, the lower
spine and the hips, all .of which are subject to weight-
bearing. Willis (1924) studied the relationship between body
build and the occurrence of degenerative joint disease'iﬁ the
spine. He found that stockier; heavily-boned individuals
showed a higher incidence of involvement presumably through
greater weight-bearing. Obese individuals are considered to
increase the load carried by the weight-bearing joints. The
Leigh sample éhows a significantly greater involvement of
osteoarthrosis in obese individuals of both sexes. This was

; particularly noticeable in the big toe and the knee. Obese
males alsé showed an increase of degeneration ovei nénsobese
in the lumbar spine and the distal interphalangeal fingex
jointse. This last set of affected joints is Surprising_as
they are not weight~bearing. Sokoloff's experiments with
-mice must be recalled here, whgre obesity per se was not
"the causative agent of the exaggerated degep?ration, but
rather the high fat diet seemed resbonsible for.both obesity
and joint degeneration. Obese males in Leigh are also
reported to show a greater incidence of multiple joint
involvement, which might add support to a systemic effect of

a high fat diet (Kellgren, 1961).

The strongest eviédence for mechanical involvement in
the etiology of degenerative joint disease is thezcomparisons:
of incidence between different occupational groups with

. "
reference to stresses experienced by eachs. Wickstrom (1983)
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compares the frequency of osteoarthrosis of the knees
between concrete reinforcement workers and maintenance
painters. The concrete reinforcement workers experience
greater loads on their knees and minor injuries and similarly
manifest more symptons of osteoarthrosis in their knees than
the maintenance painters. Roemmich (1962) uses figures from
the U.S. social security data on the number of working days
lost through various diseases and compares the relative
incidences of degenerative joint disease and rheumatoid
arthritis in different occupational groups. White collar
workers experience twice as much rheumatoid arthritis as
degenerative joint disease, skilled and semi-skilled workers
~have both types equally whereas labourers show one-and-a-half
times as much degenerative jointrdisease as rheumatoid
arthritis. In Leigh, Kellgren and Lawrence (1958) report
more degenerative joint disease in both miners and cotton-
workers compared to the rest of the population. However,
éiffetentajoints were affected. Miners experienced greatei
ostéoarthrosis in their knees and disc degeneration in the
lumbar spine. They also showed a trend towards a greater
‘involvement of the hips and metacarpophalangeal joints,
although this is not significant. In cotton-workers the
small joints of the hands and the cervical spine showed
greater involvement. The numbers of the sample in this group
were small and only the greater involvement of the first
carpometacarpal was significant. Kellgren et al. (1953) also
report that tradesmen showed less osteoarthrosis than the
general population. Caplan et al. (1966) studied the lumbar

spine in a sample from Russelton, Penn. U.S., comparing




occupational groups in terms of strains on the back,
heaviness of work and the duration of works They report
increased osteophyte formation with the duration of heavy
work, but not necessarily disc narrowing. By contrast, injuries
can cause disc narrowing but not necessarily osteophyte
formation. The facet joints showed no significant association
in involvement with injury;--disability oxr duration of heavy
work. They were not seen to be involved at all unless disc
narrowing was also present and may represent a secondary

form arising from local mechanical stresses generated by
degeneration of the disc joints. La&rence (1969) demonstrated
that disc degeneration in the lumbar spine was especially
related to heavy lifting and trauma to the back. No
association was found with working in stooping positions
unless associated with lifting. Bremner et al. (1968) studied
a Jamaican population for comparison with the U.K. samples.
Some differences in joint involvement were noted. The
Jamaicans experienced greater involvement of the cervical
spine and of the knees. The proffered explanation calls upon
mechanical factors from the different activities indulged in.
The Jamaicans carry heavy loads on the head which explains
the high cervical involvement from compression, whereas the
high values in the knees are seen as resulting from jarring
as the footpaths are very rough. This corxresponds to the-
experimental findings of Radin and Paul (1971), that impact
loading is particularly important. A similar finding is
reported by Sokoloff (1969) in reviewing data from Germany
on the use of pneumatic drills. Individuals using equipment

with a high frequency vibration suffered little degenerative




change, as opposed to those using machines with a low
frequency vibration. The shock from these drills is absorbed
in the elbows and shoulders where increased involvement is

seen of degenerative joint disease.

Studies of the localization of affected areas within
joints give conflicting results as regards the weight-
bearing versus the non-weight-bearing involvement. Ekholm
‘(1956) claims the preponderance of osteocarthrosis in the knee
occurs in the fibular pertion where the greatest 1load is
usually borne. By contrast, Harrison et al. (1953) and
Bullough et al. (1973) both report that the important area
- for the onset of the degenerative process is the non-weight
bearing portion. As mentioned in earlier discussions this is
seen as degenerating from a result of insufficient exercise
needed to pump nutrients around the tissues. It does indeed

seem that both too little and too much stress are detrimental.,

¥Jithin the spinal column both Willis (1924) and Shore
(1934a,1934b)draw upon mechanical factors to explain the
distribution of ostecarthrosis and osteophytosis in the
column. Both suggest degeneration occurs in response to
maximum stresses at points of curvature, and as secondary
effects in response to degeneration elsewhere in the spine.
These will be discussed in far greater detail in the later

section on distributions within the vertebral column.

It can be seen that a number of factors contribute to

degenerati&e joint disease. Diet may influence susceptibility
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Table 4,1

Etiological
ifactor

High fat diet

Hormonal

Disrupted
metabolism

Genetic

Injury

Disuse

Compression

Impact

Source of evidence

Experimental - rats

Experimental - injections
to rats

injections
to rats
injections
to hens
secondary to metabolic
disorders

Experimental -

experimental - rats
secondary with genetic
disordexs
Heberdens nodes
Generalized Osteoarthrosis

Population differences

Experimental

secondary

experimental
population; pattern of
joints and within joints

Inter-specific comparative

{Jeight-bearing: body build
obesity
occupation

experimental

population activity
differences

occupation

-
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Author

Sokoloff (1960b)

Hulth (1969)

Sckoloff (1969)
Kalbhen (1980)

Lawrence (1960)

Sokoloff (1960b)

Lawrence (1960)
Stecher (1961)
Kellgren,

LLawrence et al.

Bremner et al. (1965)
Blumberg et al.
(1961)

Williams et al.
(1982)
Murray (1973)

. Kellgren and

Lawrence (1958)

Sokoloff (1969)

Harrison et al.
(1953)

Bullough et al.
(1973)

Schultz (1956)
Fox (1939) '
Willis (1924)
Kellaren (1961)
Wickstrom (1983)
Kellgren and
Lawrence (1958)

Radin and Paul (1971)
Bremnexr et al. (1968)

Sokoloff (1969)



if high in fat content. 5Some evidence of hormonal influences
are given but these appear not to be very prominent. Vascular
changes can be seen, but these appear to represent part of

the degenerative process rather than a causative agent.
Genetic predisposition is an important agent, particularly

in Heberden's nodes and possibly in generalized osteocarthrosis.
Injuries and anatomical abnormalities can be precursors to
degeneration of the integrity of the joint is disturbed.
Similarly, metabolic disorders can lead to degeneration if

the metabolic processes of the joint itself are affected. The
most important single factor is seen to be mechanical stresses
on the joints. Compression is important, particularly if acting
in repeated impact. Under-use can be equally important. Both
compression and under-use inhibit the free circulation of
metabolites for the continuing nutritien of the joint tissues,
causing necrosis and subsequent degeneration. The studies are

summarized in Table 4.1.

4.5 History of Degenerative Joint Disease and Archaeological

Studies.

Lesions comparable to those of degenerative joint
disease in modern humans have been recorded from the
mesozoic dinosaurs through to Neanderthal man. The extensive
studies of Moodie (1880) on examples in the Americah museums
provide detailed descriptions of observed pathologicdl lesions.

Notable is the section of the tail of ‘Dinlodocus longus which

shows osteophytic growths in the area where it touches and

drags on the ground. Similar lesions were also observed in




the tail of (etiosaurus, an English dinosaur. Parts of the

spine, other than the resting part of the tail, have also
shown osteophytic involvement. Moodie (1880) reports a case

of cervical involvement in Camarasaurus, Diplodocus and

Tyrannosaurus. Possible osteocarthrotic lipping is reported,

together with other abnormalities, in the foot bones of the

mosasaur, Platecarpus from Kansas. This multiple involvement
of the foot bones, with abnormal bone form generally, suggests
a case of secondary degenerative joint disease in conjunction

with another disorder (Moodie, 1880).

Degenerative joint disease is thereafter found widely.
Moodie (1880) reports cases in the Eocene mammals, Limnocyon

and Pantolambda, in a miocene crocodile, Tomistoma dowsonii,

from Egypt, a pliocene camel from Nebraska and a pleistocene
sabre-toothed tiger, Smilodon. Other cases frxom the pleistocene
are well-documented by othexr authors such as Virchow, Von
Walther, Esper and Cuvier. (see Snorrason(1942) and Wells
(1964)). These involve cave bears, cave lions, cave hyaenas,
reindeer; and sabre-toothed tigers. Most of the reports
involve cases of osteophytosis, although the pleistocene
mammals are reported to have some involvement of the
extremities. The cases of modern animals affected have
already been discussed undexr the section on intexr-specific
comparative studies. It is recognized that degenerative joint
disease is not exclusive to humans and seems to have existed

as long as have vertebrate joints.

The human history of degenerative joint disease could
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possibly aid towards the illumination of etiological factors.
Populations living under circumstances very different from
present day often present a far more homogeneous group in‘
texrms of dietary and activity habits and provide a greater
range of natural situations from which to study the occurrence
of degenerative joint disease. The majority of such samples
are small in number and have only limited background
information on cultural practises, at best only gross details
0f diet and subsistence patterns. Patterns of degenerative
joint disease are more often studied by physical anthropologists
as a source of information on the activity habits of the
skeletal collection. In such studies, theAetiolOQical agents
"are simplified to a mechanical one. This is not done in
ignorance of other possible agents but highlights the general
acceptance that wear and tear is likely. to prove the most
useful single factor explaining variations in population

incidences of the disease.

The infamous reconstruction of Neanderthal man's gait
by Boule, based on the La—Chapelle—aux—Sainté specimen,
illustrates the presence of degenerétive joint disease in
Neanderthals. The re-examination by Straus and Cave (1957)
make clear the severs nature of the disease in this specimen
particularly in the spine. The éffected portion was the
joints between the fifth cérvical vertebra and the thixd
thoracic. The lower lumbar region was also affected éo al .o
lesser extent. Other Neanderthal specimens show similar
involvement of both osteocarthrosis and osteophytosis. Wells

(1964) points out the common involvement of the temporo-
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mandibular joint, for example in Krapina, La Ferrassie, La
Quina and La Chappelle-aux-5aints. He suggests this represents
evidence that the Neanderthals ate a tough, perhaps uncooked

diet of roots and nuts, thus putting the jaws to hard use.

Remains from Egypt have been well studied, particularly
by Ruffer (1918). He studied mummies from pre-dynastic
through to the start of the Christian era, a six~thousand
~year span. The prevalence of osteophytosis was particularly
noticeable through all periods. Fifty percent showed some
involvement after the age of 25 and older individuals would
display severe cases, often even fused. Wells (1964) reports
- that the most involved region of the spine was the thoracic
spine, whereas Bourke (1971) in a study of 132 individuals
from Hou (dated 1500B.C.) observed two peaks of severe
involvement. Osteophytosis was most mérked in the lumbar
region with a second peak in the cervical region. The thoracic
region did not feature prominently contrasting strongly with
Wells' (1964) report. A possible explanation of extensive
osteophytosis in the cervical region could have resulted
from the custom of carrying loads on the head (MacAdam, .

pers. comms, )

Other examples of outstanding involvement of particularx
joints are reviewed by Wells (1964) and Snorrason (1942).
Macedonian remains of soldiers, presumed followers of
Alexander and Ptolemy I, show abundant degenerative joint
disease in the foot, a site not afflicted in the Egyptian

samples from Egypt. A suggestion has been that this resulted
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from heavy marching in clumsy footwear carrying heavy
equipment over rough terrain. Skeletons of early Patagonians,
who were great horseriders show noticeable involvement of the
shoulders and elbows, supposed to arise from the use of the
bola, a hunting weapon that hurls stoﬁes° Thérrotational
movements necessary to use this on horseback concentrates
the strain on the joints of the upper limbs. West and South
African-remains have shown lipping of the small wrist bones
and the base of the thumb, particularly in the right hand.
The use of hoe and mattock for preparing the sodl which has
baked hard under the sun, causes a jarring or concussion in
the wrist region. New Caledonians, eating a hard, coarse
~diet, developed much degenerative joint disease of the
temporomandibulax joint.

Wells (1964) states that the incidence of degenerative
joint disease is_lower in populations where the overall stress
of life has eased. Work by Angel (1979), on a series of
Turkish and Byzantian populations,; was not able to record an
evident decline dn the incidence of degeneréfiveﬁjoint
disease from ancient through to modern times. Wells (1964),
however, observes a decrease in incidence in Ancient Greece
from the level in the Neolithic and Bronze age. Farming
practices had been basic and provided merely a subsistence
crop up to the later Bronze age. Around this time, irrigation
and crop rotation was introduced yielding a higher output,
an improvement in nutrition, increases in stature, longevity
and populations size and a decrease in degenerative joint

disease. The view of Wells (1964) that it is a decrease in




the overall stress Of.life that has occurred causing the
decrease in incidence and severity of degenerative joint
disease, 1S not supporfed generally. Rather, it is the specific
stresses, particularly the mechanical ones, leading to =
degeneration which have declined. This may often accompany
other decreases of stresses but is not an automatic partner.
In a study‘ef remains throughout the—Ist to 17th eenturies

in Bulgaria, the frequency of involvement of the spine
remained relatively constant excepf for the period betweeen
the 15th ahd 17th centuries whefe the frequency increased
(Goranov et al., 1983). The authors depict this period as one
of great inequalities where the majority were forced to
'undertake hard physical labour and slavery was common. This
presents a picture of increaeed degeneration with‘increased

physical activity tather than a iack of* technological skills.

’ Two detailed studies of spinal degenerative joint disease
have been carried.out on the late mediaeval popuiatien from
Aebelholt, Denmark (Sager, 1969; Ingelmexk et al., 1959).
Specific details.will be reyviewed.in the sections on the
spine and on spine and age-related changes..Ihgelmark et al.
(1959) note a curious association between dental earies and
degenerative joint disease in:the epineo The relationship

had previously beeﬁ reported amongst Peruvians by Moodie
(in Wells, 1964). The exptanation for an association:between
infectiousllesions of the teeth and non-infectious lesions of
the' spine is not at all understood. As seen already, the
etiology of degenerative joint disease is imperfectly

understood and very many factors are involved,




Although the fiélkd of palaeopatholcgy is éxpanding with
the prospect of many publications in the near future, at
present the majority of reports on British material consists
of the pioneering work of Wells on Anglo-Saxon remains. One
earlier publication is a description of a case of osteoarthrosis
of “the hip in a Bronze Age skeleton (Pitt-Rivers, 1965).
However, Wells states that on the whole the Bronze Age peoples
showed little improvement by contrast to the Anglo-5axons. |
Wells (1963) examined remains from the 6th to 11lth centuries
and found that most adults over twenty-five would display
some degeneration. The most commonly affected region was the
spine. Commonest sites amongst the limb bones were the
elbow, knee and foot. Wells (1965) contrasts the subsistence
activities of the Anglo-Saxons with those of the éarlier
Bronze Age peoples. The Bronze Age inhabitants were mainly
pastoralists, able to spend most of the time accompanying
the herds at a leisurely pace. Agriculturalists, often
immigrants having to break new land or clear woodland are
involved in much heavier work. The Anglo-Saxons are also
thought to_have been taller and more robust in build than
their Bronze Age predecessors (Wells, 1965). The combined
factors of heavy agricultural labour and larger size would
place far greater mechanical demands upon the Anglo-Saxon
joints than those of the Bronze Age. This is furthex borne
out by the observed higher incidence amongst Anglo—ngon

males than females, presumably as a result of division of

labour. (i7ells, 1972).

A more recent publication comes from Rogers et al.




(1981) who have studied a mixed collection of skeletons from
5axon, Romano-British and Mediaeval sites. They found a
particularly high frequency of osteoarthrosis in the shoulder
of Anglo-5axons, a joint not commonly affected in modern
samples. They suggest the possibility of a different disease
process amongst Anglo-Saxons, involving excessive bone growth
at the joints in general. Mediaeval skeletons also had
frequent involvement of the spine compared to the Anglo-~ Saxons
and common involvement of the hip and shoulder but less tharm :

the Anglo-5axons.

Aigreater number of publications are already in print

from American investigations of palaecopathology.

A comparative study of three American groups was made by
Jurmain (1975) on the Terry Collection, a modern 20th century
sample of white and black Americans, of both sexes and known
age, plus two archaeological samples. These were a group of
protohistoric Alaskan Bskimos and the 12th century Pecos
Pueblo Indian Collection. The four large joigts were graded
for presence of osteoarthrosis, that is the knees, hipé, elbow
and shoulder. The Eskimo group were found to have noticeably
more osteoarthrosis of both knee and elbow than the othexr
populations. The Pecos Pueblo Indians had the least knee -
involvement but had more elbow involvement than the modern
sample (1977, 1980). All populations showed more involvement
of the right knee over the left. The patellar of the knee
showed changes that were more age-related than the femur or

tibia portions of the knee joints, especially in the
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archaeological samples. Jurmain discusses the observed
differences in terms of known activity habits, particularly
in explaining the high incidences in the Eskimo population.
The wvigorous lifestyle necessary to survive in the harsh
conditions of the Artic has involved a number of cultural
activities unique to Eskimos. Sled driving, ice prods, boat
rowing, harpooning and lancing are all given as examples.of
activities stressing the elbow. Crouching positions put a
great deal of stress on the patellar portion of the knee
joint, and the figures implying less stress on the patella
in archaeological samples 1is explained in the Eskimos at
least bw their habit of bending at the waist rather than
crouching. They still, however, experience a much higher
level of knee involvement overall, again presumabiy related

to activities such as sled driving and kayak/canoe use.

Stewart (1947) compares almost the same populations for
spinal degenerative joint disease, Variations between the
three groups are reported for both in the péttern of
involvement in the spine. The Eskimos, by contrast to the
major joints have very little osteophytosis except in the
lumbar area, but they do-exhibit much more involvement of
the faceéts peaking in the mid-cervical and lower thoracic
regions. The Pueblo Indians have a little more osteophytosis
on all regions than the Eskimos, but few facets are involved
peaking in the upper thoracic region. The whites haQe the
most osteophytosis, peaking in the lower cervical, followed
in order by the lumbar and lower thoracic regions. Facet

involvment is very little and falls mainly in the mid-cervical
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and upper thoracic regions. The Eskimos, therefore appear to
have the greatest involvement of the synovial joints amongst
the three groups but the lowest level of osteophytosis ;
Indéed the relationship of osteophytosis to osteoarthrosis
seems to be an inverse one from Stewart's descriptions.
Stewart acknowledges that the different patterns of
involvement are most probably due to cultural differences,
but he does also point out that there are racial variations
in the anatomical structures of the spine which could affect
mobility. Roche (1957) also has examined the Terry Collection
for spinal degenerative jbint disease and compares black and
white American subpopulations. He finds in both there is
more osteophytosis than osteoarthrosis, the females show more
involvement generally than males,; but if broken down into

age catedgories the males will catch up and overtake females
in the older age groups. In all age groups and both sexes

whites have a higher incidence than blacks.

Studies of early American Indian groupsﬁhave looked at
patterns of joint involvement in a similar fashibn to
Jurmain (1977). Pickering (1979) has studied skeletons from
the Ledders Site of the late “oodland period, wheie the
subsistence pattern was hunting and gathexing. Females showed
an earlier age of onset, but males had a higher incidence
later with more severe forms. The females suffered in the
elbow and thumb, whereas the males suffered more from the
wrist. Drawing analogies with the contemporary éKung groups,
Pickering observes that females will enter the labour force

earlier than males, thus explaining the earlier onset age.
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The division of labour between the sexes of hunting males

and gathering females could explain the different patterns of
involvement between the two. Carrying burdens and the use of
tools such as digging sticks would lead to greater mechanical
stresses on elbows whereas hunting tools put géré stréss on
the wrist action. Martin et al. (1979) have studied
osteoarthrosis in the long bones of the Dickson Mounds
population, while Clark and Delmond (1979) studied the lumbar
spine. In the lumbar spine, more males were affected than
females, but no further details of subgroups by time or age

is given. The long bones studied divide the sample into two
groups, although three cultural horizons have been identified.
The first group, late woodland-transitional dated 1050 —‘1200
A.D., subsist by hunting and gathering mainly with a little
farming in later periods. The second group, middle-
Mississippian dated 1200 - 1300 A.D. had a predominantly
maize diet and lived a more sedentary life in denser groupse.
Both groups had a similar age of onset around 30 - 35 and have .
similar incidences of involve;ent in subsequent age groups.
However, in the patterns of joints involved the middle
{ississippian group have a far greater involvement of the
wrist suggested as a result of the use of tools in
agriculture and maize preparation. An interesting additional
point wasithe observed association between multiple joint.
involvement and infectious diseases. with more severe cases
of both also associated. They recognize the potentiai here
for interesting further research into the interplay and

possible cultural factors involved.
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The difficulties of a comparative study between
archaeological populations is illustrated by Chapman's studies
of osteophytosis (1968,1965,1972). She examines the presence
and severity of osteophytosis in fifteen skeletal collections
from a range of geographical sites im the Americas, covering
a span of time periods and having different subsistence
activities. First, most of the samples are so small in
number, statistical analyses are not possible and a purely
descriptive comparison has to be made. Secondly,; the range of
variables involved in this ambitious undertaking are so
many, as Chapman herself points out, with precise information
on many of them lacking, that it is impossible to decipher
‘any observed population differences in terms of possible
agents. Indeed, no consistent patterns emerge preéumably
because where one subsistence activity group may experience
greater mechanical stress, a genetic susceptibility amongst
others, oxr climatic or dietary influences etc. would cloud
the emerging pattern. Tﬁe lack of background information
on the necessary details makes a broad comparison of this
nature of.very low information value. Chgpméﬁ has produced
fwo papers (1965, 1972) where she takes just a few of the
populations for comparison. This is more useful. for some of
the variables can be eliminated. Chapman (1972) compares
the Mexican groups, based at high altitﬂdeé and covering
hunter/gatherer and agriculture subsistence patterns. Both
groups show an early age of onset compared to the Nérth
American group from the middle Mississippian site of
Dickson Mounds, to which she compares them. They also show

a greater degree of involvement than the Dickson Mounds




group. A Mexican group from a lower altitude is added in

for comparison and shows similar high frequencies. Amongst

the iexican groups therefore, subsistence activity does not
appear to be causing noticeably different patterns, nor
altitude. The other paper (Chapman, 1965) compares two

Arctic Eskimo groups with a Midwestern group from Modoc
shelter. In all groups males have more severe involvement

than females by the older age groups. However, the two

Eskimo groups have later ages of onset than the Midwestern
group. The Eskimos have a high fat and protein intake compared
to the Midwesterners which from Sokoloff's experiments with
rats, may have lead to an expectation of a higher suseceptibility
to osteophytosis, yet hexre they show a lowef incidence. The
possiblity of important genetic influences being in operation
is discussed by Chapman (1965). Chapman's recording of lower
osteophytic incidence amongst Eskimos is consistent with the
reports of the same by Stewart (1947). However, he found

a high incidence in the synovial facet joints, and Jurmain
(1975) reported a high incidence in the large synovial joints,
So it does appear that the two kinds of joints may undergo

different processes of degenerative change,

Overall, the work on archacoldgical samples shows useful
discussions of etiology can be provoked from observations
if good sample sizes are available and the number of
environmental variables limited in comparative studies. Use
of degenerative joint disease incidences has also been
useful to shed light on lifestyles of prehistorical

populations where very little is known.
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4.6 Studies of Deagenerative Joint Disease in the Spine.

It has been proposed that degenerative joint disease
of the spine is a disease particularly hesetting humans as
a result of their upright posture (Thieme, 1950). As
discussed in the preceding section, degenerative joint
disease has been observed in skeletons from dinosaurs to
modern humans. A great majority of the observations on the
now extinct dinosaurs and mammals involved the joints of the
spine. Bohatirchuk (1955, 1957) compares age-related changes
of degenerative joint disease in humans and dogs and finds
that dogs undergo similar degenerative changes to humans in
the spine. He comments that the-case for a particularly
human susceptibility cannot be maintained. The studied dogs
showed a peak of incidence in the lumbar spine, similar to
a modern human population, in spite of very different
mechanical demands on the columns of the two species. The
inter-specific comparative study of Fox (1939) also
discussed the involvement of the spine in many non~human
species. There appears, therefore, to be no;case for
spinal degenerative joint disease to be seen as a specific

scourge of humans.

Mechanical factors are commonly seen as largely
responsible for patterns of distribution of degenerative
joint disease through the spine. Willis (1924), only
examined the lumbar disc joints in 625 skeletons from the
Harmann Museum and recoxds the highest incidence of

osteophytosis in the lower lumbar segments. These are thought
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to be under the greatest strain from the curvature of the
spine. Increased csteophytosis is also found at these sites
1f the lumbar curve is exaggerated. Clark and Delmond (1979)
similarly studied osteophytosis in the lumbar spine in i
relation to the degree of wedging of the vertebral units.
They examined ninety skeletons from the Dickson Mound sample.
Wedging represents the difference between the anterior and
posterior heights of the vertebral bodies (P - A). A

positive wedge (P> A) is a measure of kyphosis and a
negative wedge (P« A), a measure of lordosis. Clark and
Delmond (1979) find males have a greater degiee of kyphosis
than females in the lumbar spine and that this increases with
age in both sexes but relatively more so in males. The
fourth lumbar vertebra is a transitional point between the
kyphotic curve of the upper lumbar region and the lordotic
one of the fifth lumbar. As a point of contraflexure,
therefore, the fourth lumbar is expected to be subject to
greater stresses than elsewhere in the region and the authors
do find the greatest amount of osteophytosis on this segment
amongst males (only males were examined for %he presence of
osteophytes. ). Lindblom (1951) compares a hundred prehistoric
Swedish skeletons with two thousand present day Swedes, again
studying only osteophytosis of the lumbar region. Whereas the
prehistoric population shows the highest frequency in the
mid-lumbar area at L3, the”modern population peaked at L5.
Neither of these two fit with Clark and Delmond's (1979)
predictions or own findings. However; none of the other
studies on the spine have studied the association of

degeneration with measurements. It is possible that different




points of contraflexure may exist. The occurrence of the
greatest incidence on the fifth lumbar suggests that stresses
on the lordotic curve are greater in the modern sample than
on the kypholic or point of the contraflexure. The study of
Caplan et al. (1966) of lumbar osteophytosis amongst modern
miners, also indicates that L5 is the most commonly affected.
It seems that a shift in stresses has occurred from earlier
populations to modern such that maximum lumbar involvement

has moved down the spine from L3/i4 to L5.

In studies of the whole spinal column, Bourke (1971)
reports that amongst ancient Egyptians osteophytosis is both
"most common and most severe in the lumbar region, but he is,
unfortunately, no more specific than this. Nathan {(1962) has
made a very detailed study of osteophytosis in the spinal
column of four hundred modern specimens, mainly from the
Todd Collection comprising both black and white Americans.
The most affected joint is the tenth thoracic, but peaks in
the other two regions are seen also, at the fifth cervical
and the fourth lumbar joints. This pattern of three peaks,
one in each region is found in all studieé df the total
column for both osteophytosis and osteoarthrosis. Nathan.
like Clark and Delmond (1979) and Willis (1924), relates
the pattern to the curvatures of the spine. The basic stresses"
of the spine's curve and associated lipping can therefore be
regarded as the normal pattern of osteophytosis. Variation
in the relative incidences and severity of the three
regional peaks will occur with cultural activities, but

deviations from a three peak pattern would demand detailed

od
&t




study and explanation of an unusual oxr pathological process.

Three studies exist on distribution throughout the
spine of degenerative joint disease of both facet.and disc
joints. Stewart (1947) examined 177 Eskimo, 83 Pueblo and
104 white Americans from the Terry Collection. The distributions
are only generally given but serve to compare the populations
and involvement of the two kinds of joint. The Eskimo show
maximum osteophytosis in the lumbar region, whereas white
Americans show the most in the lower cervical region, then
in the lumbar and last in the lower thoracic portion. The
Pueblo do not have a greater prevalence in any one region. By
~ contrast osteoarthrosis shows a different distribution of
maximum points. In Eskimos the maximum region is the mid-
cervical, as it is also in the white Americans, but the
Pueblo show the most involvement in the upper thoracic
region. This region figﬁres as the second most affected
portion in the white spine, but in Eskimos the lower thoracic
is more commonly involved. The lumbar region is not
particularly affected compared to the other regions in any
of the groups. Detailed studies have been made by Shore
(1934a, 1934b)con 126 skeletons from various sources and
Ingelmark et al. (1959) on 211 skeletons from the late-
mediaeval site of Aebelholt. Shore (1934a) xeports three .
outcrops of osteophytosis in the spinal column with maximun
and minimum points in each region. The lumbar region shows
the greatest involvement, then the thoracic and lastly the
cervical., The cervical outcrop has a peak incidence of

osteophytosis at C4 - 5 with a minimum point at the cervical-




thoracic junction. The thoracic outcrop peaks fairly low

down the region at T8 - 10 followed by a region of decrease
at the thoracic-lumbar junction. Finally, the lumbar outcrop
peaks at L2 - 4 and again falls off at the lumbar-sacral
junction. In the facet joint a similar pattern of three
regional peaks is found but which shows differences in

detail from the disc joints. The lumbar region again is the
most involved with a peak at L2 - 3. The thoracic outcrop

is slightly irregular with two peaks and a small decrease
between them at C7 - Tl and T4 - 5. This denotes a higher
maximum point than that of the thoracic outcrop of
osteophytosis. Indeed, the minimum point of facet involvement
 between the thoracic and lumbar outcrops is at T8 - 9, the
same point as the maximum osteophyte thoracic involvement.
Lastly, the cervical outcrop peaks at C3 -~ 4 with a minimum
point at C6 -~ 7. The atlanto-axial joint shows the least
involvement of the entire spine. Shore's (1934a) distribution
pattern of osteophytosis corresponds well with that of
Nathan (1962) and similarly adopts a bio-mechanical
explanation foxr the outcrops. Osteophytosis therefore is seen
as occurring most prominently at the points of contraflexure
of the spinal curves with the minimum points found at the
tops and bottoms of the various curves. (Nathan, 1962; Shore,
1934a; Clark and Delmond, 1979). Shore (1934a).assumes the
lumbar region is the region affected first since it is the
site of greatest involvement for both facet and disc joints.
Osteoarthrosis of lumbar facet joints would accentuate the
lordotic curve of the lumbar spine and thereby throw the

thoracic facet joints back upon the lumbar spine such that
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they become incorporatéed with the lumbar curve. Shore (1934b)
proposes this lumbarization process as an explanation for the
greater spread of the lumbaxr outcrop beyond the original
lumbar curve. The thoracic outcrop of osteoarthrosis is seen
as a result of action of upper limbs and movement from
respirations The cervical outcrops:of both facets and discs
result from the stresses of the lordotic curve, the same
principle as explains the lumbar involvement. 3uch bio-
mechanical analysé€s seem the most fruitful line of speculation
to follow. Unfortunately, Shore does not discuss the
distribution patterns of the two kinds of joint together.

The exaggeration of lordosis which explains the spread of

- the lumbar outcrop.of osteocarthrosis does not appear to affect
the disc joints in a similar manner. The breathing actions of
the upper thoracic region of the body are presumed not to
affect the disc joints but do affect téé facet joints. No
explanation is offered for these differences. Ingelmark et al.
(1959) records an even more striking difference between the
facet and disc joints. The peaks of osteophytosis and related
low zones correspond reasonably well with Shore (1934a) and
Nathan (1962) except for the cervical outcrop which peaks
somewhat lower at C6 - 7. However, the Danish facet joints
show no lumbar outcrop at all, but drop. r%ght away in
incidence after the thoracic peak at T4 —’S, This is thought
to be most unusual and demands some discussion. Unfortunately,
none is given (Ingelmark et al., 1959). Discussion is made,
instead, on the relationship between the two kinds of joint.

The authors feel the evidence suggests that the degeneration

in each joint type proceeds independently of one another,
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Stewart (1947) also comments on the lack of relationship

in involvement of facets and disc joints. It could be equally
suggested that the two do show a relationship, but an inverse
one, recalling the correspondence of maximum disc and
ninimum facet involvement of Shore (1934a, 1934b) in the

thoracic outcrop.

Roche (1957) using the Terfy Collection of both black
and white Americans reports an overall incidence of
osteophytosis which is higher than that of osteocarthrosis in
the spine. This was the case for both sexes and both racial
groups. Only 3% of the spines displayed osteocarthrosis without
" osteophytosis, whereas 25/ had osteophytosis without
osteocarthrosis. This 25%, however, did have less severe cases
of osteophytosis than those individuals showing osteoarthrotic
lesions as well. Osteophytosis appeared in earlier age groups
than-osteoarthrosis. Roche (1957) proposes a causal
relationship between the two such that osteophytosis is a
pre-requisite for osteoarthrosis. Goranov et al. (1983),
studying Bulgarian remains, also report a gréater incidence
of osteophytosis than osteoarthrosis but do not detail the
relative ages of onéet. Ingelmark et al. (1959) find that
osteoarthrosis shows the earlier age of onset, an equal lewveal
of involvement of both joints in adulthcocod and a greater .
incidence of osteophytosis in the oldex individuals.
Ingelmark et al. (1959) therefore present results which
support other researchers' conclusions that osteophytosis
is more prevalent overall, but negates Roches' (1957)

hypothesis that osteophytosis necessarily:precedes




osteocarthrosis.

The localization of osteophytes on the superior or
inferior margins of a joint has been examined by Nathan
(1962) and Ingelmark et al. (1959). Terminoléé& in examining
the papers has to be read carefully as the superior and
inferior surfaces referred to by Nathan (1962) apply to
those of the osteological unit, that is the vertebral body,
whereas the superior and inferior surfaces of Ingelmark et al.
(1959) refer to the anatomical unit, that is the joint and
are therefore the opposite of Nathan's. Here the usage of
Ingelmark et al. is followed in referring to the joint, not

- the bohe unit.

Ingelmark et al. (1959) find a preponderance of
involvement in the cervical and upper thoracic regions of the
superior surface. No particuiar differences are found in the
mid-thoracic and lumbar regions display a greater involvement
of the inferior surface. Nathan (1962) finds a more specific
region by region change. The cervical region"has greater
superior surface involvement up to C6 - 7 after which the
inferior joint surféce predominates. The superior surface
again displays the greater incidence between T2 - 3 to T10 -
11 after which the inferior emerges more strongly. In the
lumbar region L1 - 2 has a superior dominance and L3 - 5
shows greater inferior osteophytes. Ingelmark et al. (1959)
interpret their simpler pattern of distribution of surface
localization as related to the curvature and alterations

caused by degenerative joint disease. In osteophytosis the



cervical curve is altexed, particularly in the lower cervical
spine, from a lordotic one to a kyphotic curve making a
continuum with the kyphotic curve of the upper thoracic
spine. The lower thoracic similarly becomes incorporated into
the lordotic curve of the lumbar spine. This is the same
alteration of curvature fromn degenerative joint disease
proposed as an explanation_by,ShQ;e_(1934b) for facet joints
distributions. Thus, Ingelmark et al. (1959) claim that the
superior joint surface is affected in a kyphotic curve and
the lower surface in a lordotic one. Nathan's (1962)
explanation is equally related to the curvature but is not
related to the curve's direction. He claims the pattern of
surface localizations follows the peaks of curvature; above
the peaks or points of contraflexure, the superior joint
surface predominates whereas below it the inferior joint
suxfaces are more involved. This explanation does not presume
that some degree of osteophytosis will have occurred before
the localization pattern emerges.

Nathan (1962) also examines the presenéé of asymmetry
in osteophytosis of the spine. It is common to find a
predominance of osteophytosis on the right hand side of the
thoracic spine. Nathan (1962) records this from T5, peaking
at T10, whereafter the left hand side osteophytes begin to
increase in frequency until the asymmetry disappears in the
lumbar region. It has been proposed that this reflects the
predominance of right-handedness. Nathan (1962) points out
that as the proportion of left-handed individuals is around
10% in the population, then the incidence of those with left
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hand side asymmetry of osteophytes should also be around

1045, but this is not at all observed. Culver and Pirson
(1956) also point out that X-rays of individuals known to

be left-handed still show the predominance of osteophytosis

on the xight hand side. This really negates the handedness

hypothesis. A more plausible explanation is offered by Culver
and Pirson (1956) who make-the observation that the absence

of osteophytes corresponds to the section of the spine

where the aorta is in apposition to the left hand side of

the vertebral column. They suggest the presence of the

pulsating aorta somehow inhibits bone growth along this

portion of the spine. Nathan (1962) similarly describes the
aorta as placed exactly where there was the greatest

asymmetxry of osteophytosis, from a small sample of dissection-

room cadavers. Finally, Nathan (1962) cites a case presented

by Shapiro and Batt where the aorta descended abnormally

on the right hand side and osteophytosis occurred ::efic

predominantly on the left.

A summary of maximum and minimum péaks of incidence
of degenerative joint disease, localization by joint surface
and side asymmetry is given in Tables 4.2 and 4.3, The
‘explanations for the Specifié patterns of distribution of
the disease within the spine itself all draw upon
biomechanical explanations. Population differences are
found which are presumed to reflect the different activities

in which different groups are engaged.
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Table 4.2 Summary of Research on Distribution through the Spine of Degenerative Joint Discase.

Researcher Sample

A. Lumbar: Osteophytosis

Willis (1924) 625, iHaman Museum
Clark and Delmond (1979) 90, Dickson Mounds
Lindblom (1951) 100, prehistoric Swedes

‘ 2000, modern Swedes
Caplan et al. (1966) 178, U.S. miners

B. Entire spine osteophytosis

Nathan (1962) 400, Todd Collection
Bourke (1971) 132+, Egyptians

zj Stewart (1947) 177, Eskimo

63 83, Pueblo

104, Terry Collection
Shore (1934a) 126, mixed
Ingelmark et al. (1959) 211, Aebelholt, danish

C. Entire spine: osteocarthrosis

Stewart (1947) . 1774 Eskimo

83, Pueblo

104, Terxry Collection
Shore (1934b) 126, mixed

Ingelmari et al. (1959) 211, Aebelholt

Pealk of Incidence

"where lumbar curve most marked"
L4

L3/4

LS

L5

C5 - 63 T10; L4

lumbar region

Jumbax

(no region especially greater)

lower cervical/ lumbar/ lower thoracic
C4 - 5; T8 - 103 L2 - 4

C6 - 73 T8 - 953 L2 -~ 3

Mid-cervical / lower thoracic
Upper thoracic

Mid-cervical/ upper thoracic
C3 - 43 C7 - Tl; T4 - 5; L2 - 3
C3 - 4; T4 - 5



Table 4.3 Summary of Surface Localization and Asymmetry of Osteophytosis.

Rescarcher Sample Result
A. Surface localization

Ingelmark et al. (1959) = 211, Aebelholt Cervical and Upper Thoracic =
superior predominant
Mid=thoracic = both surfaces same
Lower thoracic and lumbar =
inferior predominant

Nathan (1962) 400, Todd Collection Cervical: Cl to C6 superior
‘ predominant

C7 to T2 inferiox
predominant

. Thoracic: T2 - T10 superioxr

- predominant
0 : T10 - T12 inferior
o predominant
Lumbar: L1 ~ L2 superior

predominant

L2 - L5 inferior

predominant

B, Side Asymmetry
Nathan (1962) 400, Todd Collection Right predominates:

T5 - L1




4,7 Incidence of Deqenerative Joint Discase by Age and S8y

It has been shown in the review of etiological factors
that wear and tear from mechanical demand emerges
recurrently as a highly significant agent. The one other
equally important single factor in the incidence of the
disease i1is age, hence the name degeneratiwe joint disease. It
has already been pointed out.in the previous chapter that
certain changes occur in the tissues and bone of the joint
concomitanfly with age which may reduce the resistance of the
joint structures to stresses. In addition, insults to the .
joinf from wear and tear accumulate with age increasing both
the likelihood and severity of degenerative joint disease.
Since the relationship of the disease to age and its possible
use as a means of establishing age at daath from skeletal
remains is the theme of the thesis, the review of incidence
of degenerative joint disease with age and sex at population
level is presented here as a separate section from the
other results of population studies. A large number of
survey studies, involving adequate sample sizes ‘for breaking
down into age and sex groups for analyses, have been made on
the hands and feet. As mentioned earlier, Heberden's nodes
represents a particular form of degenerative joint disease
which appears to have a stronger genetic determinant than
the other forms, particularly affecting the incidence by sex.
The results, therefore, are not necessarily indicative of
trends in degenerative joint disease in general. The
particular aspects of age-related change which are of

importance are the rate of increase in incidence, the
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progression of severity, the number of joints affected and

sex differences observed.

Stecher (1940) examined 6913 subjects of both sexes of
negro and white racial groups. The incidence of Heberden's
nodes increased with age in all subgroups but the rate of
increase varied being fastest amongst white females and
‘lowest amongst the black females with the males of both racial
groups in between. The vast survey of non-institutionalized
civilians in America involving 6672 individuals between 18
and 79 is analyzed by Gordon (1968) and Roberts and Burch
(1966). The overall figures for both sexes depicts an increase
" in incidence from 4% in the 18 - 24 age group up to 85% in the
75 = 79 age group. The two sexes analyzed separately show
different rates of increase. The males have a higher
incidence than females up to 45; by as much as two times.,
However, the females catch up and show a higher incidence
than males after the age of 55. Tzonchev (19683) examined a
large number of joints in a Bulgarian series and also reports
a greatér incidence in females over males byhthe oldest age
group. The study of the Pima and Blackfoot Indians shows a
higher age-specific rate of involvement than the U.S5. sample,
but have differing incidences by sex. The Blackfoot also
show a higher incidence in females by the oldest age group in
keeping with other studies, but the Pima curgously show the
reverse trend. (Bennett and Burch, 1968). The reversai of the
usual distributions by sex in this group remalns a mystery,.
Eskimo populatiégs, studied by Blumberg et al. (1961) display

a lower incidence of osteoarthrosis of the hands and wrist at
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all ages compared to the U.S5. sample. There was a slight
tendency for females to show an earlier age of onset of
Heberden's node, but the sample size was too small for
statistical analysis. The females aléo showed a Hiéher

incidence than males in the oldest age group.

The progression of severity of osteocarthrosis of hands
and feet with age was examined in the large U.S. sample
(Roberts and Burch, 1966). Under 45 nearly-all cases were
mild. After 45 the frequency of moderate and severe cases
increased until they were as common as mild cases by 75. Mild
cases reach a frequency peak in males at 65 - 74 whereas the
female incidence peaks about ten years earlier at 55 - 64.
Females show a higher incidence of moderate and severe forms
of osteocarthrosis, a sex difference which is particularly
marked after 45. Laine (1962), working with finnish country
populations, found a slightly higher incidence of moderate
and severe@éases amongst females of all ages. A further

detailed breakdown by age is not provided.

Finally, the U.S. survey of ostecarthrosis of the hands
and feet found an increase of multiple joint involvement with

age in both sexes (Roberts and Burch, 1966).

The broad studies of Kellgren, Lawrence and their
co-workers have provided vast amounts of detail on incidence,
severity and multip}e joint involvement over many different
joints, not just the hands and feet. The two populations of
Leigh, in 5South Lancashire and Wensleydale display age-
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related increases in incidence that are more or less

identical to one another. Leigh had an incidence of
degenerative joint disease of 8% in males and 7% in females

in the 15 - 24 age group, which increased to 96% in males and
99F in females by 65+, Wensleydale had incidences in the 15 -
24 z2ge group of 105 and 8% for males and females respectively,
which increase up to 99% in males and 96/% in females by 65+
(Lawrence; 1963). The age-specific rate is slightly higher
than that of the U.S. sample figures for hand and foot
involvement. The proportion:of individuals showing some
involvement of degenerative joint disease was not significantly
different between the sexes. (Kellgren and Lawrence, 1958).

- Bremnexr et al. (1968) studied 536 subjects from a Jamaican
porulation. The prevalence of osteoarthrosis was found to be

similar to the U.K. samples.

The incidence of séverity grades 3 - 4 of Kellgren and
LLawrence wefe found to be slightly more prevalent in males
up to 55 and in females thereafter (Lawrence et al., 1966).
The Jamaicaﬁ population showed a slightly lower lewel of
severity than the U.K. sample, although this was not

significant (Bremner et al., 1968).

The number of joints affected in the Northern England
samples increases with age and females are far more frequently
afflicted by multiple site involvement than the males
(Lawrence et al., 1966). A summary of the findings from

present day studies are presented in Table 4.4.
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Table 4.4 Summary of Incidence, Severity and Multiple Joint Involvement in Modern Day Populations

with Agea

Researcher
As Hands and Feet
Incidence:

Stecher (1940)
Roberts and Burch (1966)
Tzonchev (1968)
Bennett and Burch (1968)

Blumberg et al. (1961)

Severity:

Roberts and Burch (1966)

Laine (1962)

Multiple:

Roberts and Burch (1966)

Sample

6913, U.S. black and white
6672’ U.S.
Bulgarians

N, American Indians

Eskimo

6672, U.S.

Finnish

6672’ U.S.

Result

black
white
males > females until 45

females> males 55+

females > males oldest age group

Indians rate > U.S.

Blackfoot females ? males oldest age group
Pima males >» females oldest age group
Eskimo < U.S.

females onset before males

females > males oldest age group

white females>» males?> black females

all mild up to 45

moderate/ severe increase 45+
moderate/ severe frequency = mild 75
female moderate/ severe‘> males 45+
females > males

increase with age.
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Table 4.4 contd.
Researcher
B. All joints
Incidence:
Kellgren and Lawrence

Bremner et al. (1968)

Severity:
Kellgren and Lawrence

Bremner et al. (1968)

Multiple joints:

Kellgren and Lawrence

Sample

Northern Lngland

Jamaica

Northern England

Jamaica

Northern England

Result

Increase with age > U.S. above

no sex difference
similar to U.K.

Grade 3 - 4: males ” females

females ?males
severity < U.K.

Increase with age
females > males

to 55
55+




Age-related figures from archaeological samples are
difficult to obtain since few collections are numerically
large nor adequately preserved for statistical analysis by

age and sex.

Pickering (1979) compares the incidence of osteoarthrosis
between the sexes from the Ledders site, of the late
Woodland period. Females show an earlier age of onset than
males but males have a higher incidence in the later age
decades. Martin et al. (1979) compare two populations,
temporally distinguished, from Dickson Mounds. Osteoarthrosis
appears in both groups in the 30 - 35 age range and increases
"with age until the 45 - 50 age group by which time all
individuals show some involvement. There is no difference in
incidence between the two groups. Sex differences are not
considered. Jurmain (1977, 1978, 1980) compares samples from
four American populations for incidence of osteocarthrosis of
the large joints. The increase in involvement of the hip and
shouldex show a closer relationship to age than the elbow
and knee (Jurmain, 1980). The elbow and knee are viewed as
more affected by mechanical demands over all ages. The four
pooulations are compared for the incidence of osteoarthrosis
of the knee. The Eskimo have the earliest age of onset and
within the Eskimo, the female age of onset is earlier than
males. However, over all ages the males show a higher
incidence than female. The collection of Indian remains from
Pecos Pueblo shows the lowest levels of incidence of the four
populations. Amongst the two racial groups: of the Terry

Collection, blacks show a slightly higher incidence than
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whitas. These observations are exactly the opposite of the
relative incidences between North American populatipns in
Heberden's nodes, where the Indians had the highest incidence,
blacks less than whites and the Zskimos the least involvement

of all,

The severity of osteocarthrotic involvement is found to
show a higher frequency of severe grades in males at the
Ledders site, the opposite to modern trends (Pickering et al.,
1979). The frequencies of more severe forms of osteocarthrosis
isrnot found to be different between the two cultural horizons
from Dickson Mounds, studied by Martin et al. (1979). The
Eskimo population studied by Jurmain (1977) shows a highei

frequency of severe cases amongst males.

The prevalence of females amongst sufferers of multiple
joint involvement seen in modern populations is not duplicated
in the archaeological samples of Jurmain (1980). Differences‘A
seen between modern and archaeological groups, particularly
in the patterns of iﬁvolvement by sex, may result from greatexr
division of labour in the past populations. It may more ...
probably reflect the lower mean age at death, since the
greater involvement of females in modern samples of incidence,
severity and multiple joint involvement tends to be noticeable
after 55. The results of archaeological studies are

sumnarized in Table 4.5,

A number of studies specifically on the spine have been

published., Lawrence (1969) examined disc degeneration as part
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Table 4.5 Summary of Incidence, Severity and Multiple Joint Involvement in Archaeological

Populations with Age.

Researcher ‘ Sample
Incidence:

Pickering et al. (1979) Ledders Site

Martin et al. (1979) Dickson Mounds
Jurmain (1977, 1978, Eskimo
1980) Pecos Pueblo

Black American
White American

Severity:

Pickering (1979) Ledders Site

Martin et al. (1979) Dickson Mounds

Jurmain (1977) Eslkimo
Multiple:

Jurmain (1980) - Eskimo

Pecos Pueblo
Terry Coliection

Result

Females earlier onset than males

Male > female

two populations incidence same

age of onset same

hip, shoulder more age-related than
knee, elbow

Eskimo earlier than others

Pueblo least

Black 2 white

Eskimo females onset before males

Eskimo males > females

lales > females
No difference between the two populations
males > females

no difference in sex




plus samples from Rhondda and

of the MNorthern England study,
Watford. The cervical and lumbar spines were X-rayed in
individuals over 35. Both regions of the spine showed a
higher incidence of disc degeneration amongst males than
females. The females show the maximum level of incidence later
in life than males (Kellgren et al., 1953). Nathan (1962)

studying osteophytosis in the Todd Collection found no

significant differences between the sexes or between the

black and white sub-groups. By 30 -~ 39, all individuals in

the population had some evidence of osteophytosis. Roche
(1957) examining the Terry Collection reports a higher
incidence of both osteophytosis and osteoarthrosis in females
" compared to males. This is the opposite of the relative

incidences of osteophytosis in the sample of Lawrence et al.

(1969).

Caplan et al. (1966) studying the lumbar joints of
miners finds the frequency of moderate and severe osteophytes:i:

increases with age, wherecas the associated disc narrowing did

not. The sample of Lawrence (1969) showed a higher

vfrequency of grades of severity 3 - 4 in the lumbar and
cervical discs amongst males., However, this difference
occurred largely after 55, the relative incidences of the
more severe grades being equal up until 55. There is no
coﬁparable sex difference in the lower grades of severity,
so the evidence is that males simply develop a more severe
Fform of osteophytosis with age. Nathan (1962) observes no
nor

sex differences in the incidence of more severe grades,

any differences between black and white sub-groups. The




Ifrequency of grades 3 - 4 of osteophytcosis increased with
age and by 70 - 79 all individuals had at least one joint

with grade 3 - 4.

Multiple joint involvement of osteophytosis was found
to be more frequent amongst males in the U.K. sample of
Lawrence (1969). This sex difference was observed at

zall ages. These results of modern sample age and sex

relationships are summarized in Table 4.06.

Patterns of age-~relationahip of degenerative joint
.disease of the spine in archaeological populations can be
compared with modern samples. Sager (1959) examines a modern
Danish population and the Aebelholt skeletons for
osteoarthrosis and osteophytosis of the cervical spine. He
finds significant increases of incidence with age for the
facet and disc joints iﬁ both modern and mediaeval samples.
The incidence of osteophytosis reached 867 in the 70+ age
group:in the modern sample and 74% in the oldest age group
of the mediaeval sample, using four adult agé groups. Facet
joints showed a lower incidence of 53°87% in the 70+ age
group of the modexrn sample and 49% in the oldest mediaeval
age group. rales showed a higher incidence than females in
both kinds of joint and in both pepulations. Discs showed a
higher incidence than facets at all ages,; but the relative
increase with age was the same for both in the modern sample.
In the mediaeval sample, the rate of increase Of osteophytosis
was greater than osteoarthrosis with age. The modern sample

had a higher incidence of disc involvement than the mediaeval,
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Table 4.6 Summary of Incidence, Severity and Multiple Joint Involvement in Modern Samples in the

Spine with Age.

Researcher Sample

Incidence:

=
Lawrenc et al. (1969) U.K.
Nathan (1962) Todd Collection
Roche (1957) Terry Collection
Severity:
book.
Z; Caplan et al. (1966) U.S. miners
Lo
Lawrence et al. (1969) U.K.
Nathan (1962) Todd Collection

Multiple:

Lawrence et al. (1969) U.Ke.

Result

osteophytosis
osteophytosis

30 = 39: 100%
osteophytosis

males > females

no sex differences

no racial differences
involvement

and osteoarthrosis

females > males

i

osteophytosis, increases with age
disc narrowing, does not

osteophytosis
osteophytosis

70 = 79: 100%

osteophytosis

males P females
no)sex differences
no| racial differences
grades 3 -~ 4

males;> females




whereas the reverse was the case for the facet joints.
Ingelnark et al. (1959) studied the same mediaeval sample,
but examined the entire vertebral column, using the same age
categories and scoring system as Sager (1969). The incidence
in the disc joints increases from none in theAfirst aée group
to 40% in the next, 82+¢8% in the third and 89-°5 in the
oldest. No sex differenggg_yg;eﬂp?ﬁg{ygd in contrast to
Sager's (1969) study of the cervical region alone. The facet
joints showed a similar increase from a very low incidence
in:the first age group to 44/ in the second, 715 in the third
and 91°9: in the oldest group. Again no sex differences were
noted. There is no Significaﬁt difference in incidence
-between the disc and facet joints found at any age. Stewart
(1958) combines the males from the Terry Collection with the

male, sample from the Korean War to study incidence of

osteophytosis and finds an age-related increase in frequancy.

In severity grading, Sager (1969) finds a static trend
until 60, after which it increased dramatically in the
cervical disc goints of the modern sample. The facet joints
showed a gradual increase of severity up to 70 followed

. by:an acc@lerated increase. The mediaeval sample was not so
precisely aged and simply showed a gradual increase in
severity with age group for both facet and disc joints. Sex
differences in severity were not discussed. The mediaeval
sample had a higher frequency of severe cases of both
osteophytosis and osteoarthrosis than the modern one.
Ingelmark et al. (1959) find an increase in severity with

age over the entire spine but which is not significant for



both sets of joints. Stewart (1958) does find a significant
increase of severity of osteophytosis with age, but says
severe lipping only becomes pronounced after 50. Stewart
(1957) claims the very few more severe cases of osteophytosis
appearing before 30 represent the result of back injuries
rather than some form of premature aging. Stewart (1958) and
McKern and Stewart (1957) stress the variation in each age

group of the degrees of severity encountered.

The number of joints involved in osteophytosis in the
Aebelholt sample increased significantly with age from 7°8%
of the column involved on average in the second age group,
377 in the third and 54°2{ in the oldest group. Again
Ingelmark et al. (1959) found no sex differences. The facet
joints showed the same increase of number involved with age,
again with no sex difference. The second age group had 657
of the joints affected,Aa figure which increases to 17% in

“the third age group and to 30% in the oldest group. Stewart
(1957) remarks that an increase in the number of joints
affected in osteophytosis in his sample in association with
increasing age is very noticeable. (McKern and Stewart, L957).
The findihgs from the archaeological samples, the modern

' Danish sample and Stewart's cdﬁbined sample are presented in

Table 4.7,

It seems, therefore, that the occurrence of degenerative
joint disease in the spine may show a different pattern
between the sexes than other joints of the body. “Where a sex

.difference is found, in both modern and archaeological
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Table 4.7 Summary of Incidenge, Severity and Multiple Joint Involvement in Archaeoclogical Studies
in the Spine with Age.

Researcher
Incidence:

Sager (1969)

Ingelmark et al.(1959)
Stewart (1958)

facl,
& Severity:

Sager (1969)

Ingelmark et al. (1959)
Stewart (1958)

Multiple:
Ingelmark et al. (1959)

Stewart (1958)

Sample

Aebelholt
Modern danish
(cervical spine)

Aebelholt (all spine)
Males, Terry Collection
and Korean wax

Aebelholt
Modern danish
(cexvical spine)

Aebelholt (all spine)

males, Terry Collection
and Korean war

Aebelholt

males,Terry Collection
and Korean war

Result

osteophytosis and osteoarthrosis
males > females

disc ” facets

modern relative rate increase same

mediaeval disc rate > facet

modern osteophytosis > mediaeval

modern osteoarthrosis << mediaeval

no sex differences

osteophytosis si?nificant increase
with age

Modern disc stat&c to 60 then increase
Modern facet gradual to 70 then increase
Mediaeval disc and facet gradual increase
Mediaeval disc and facet > modern
Increase with age not significant

Increase osteophytosis with age

sevexre, 50+
pre-30 severe = injury
Range of variation in each age group

Disc and facet significant increase with
age. No sex differences

increased osteophytosis with age




samples, the males display greater incidence, severity and
multiple involvement of osteophytosis. Only Roche (1957)
reports the opposite. Fewer studies have been made on the
facet joints, but hint at the same trend (Sager, 1969). Again

Roche (1957) records a higher female incidence than male.

4,8 The Use of Degenerative Joint Disease in the Sovine for

Aging Purposes.

The incidence of degenerative joint disease in both
.kinds of joint shows an increase in a population with age.
However, at any time there is almost always found to be some
" individuals without any involvement. Simply finding an
increase in incidence does not provide the anthropologist
with a means of establishing the age of any single individual

“in the population.

Examination of severity suggests this also increases
~with age. Usually four grades of severity are used but again,
in any age category a wide range of cases of severity will be
found. Severity seems to particularly increase with age after
~ . . ' g
about 55 1In modern samples. Since many archaeological samples
are thought to have a lower mean age at death, very few

#“will necessarily display marked severity.

The vertebral column is composed of many individual
joints. The number of joints affected increases with age

and measure of the % of the column involved gives a wider

o]

measure than simple severity. The two measures could be




considered together to incorporate both extent and severity

of involvement.

The two kinds of joint both show age—rel;ted degeneration
but studies of distribution and relationships between the
two have suggested that degeneration procedes independantly
in the two sets of joints. A consideration of both .types

of joint together could therefore prove profitable.

Lastly, sex differences have been demonstrated to occur.
The disc joints definitely show a tendency for males to have
greater levels of incidence in the population, and of extent
“and severity over females. It is not clear if this is also
the case in the facet joint. Other synovial jointé of the
body show a higher incidence in females, with greater
severity and extent of dnvolvement, but usually only
particularly marked after 55. Sex differences in grades and
scores have to be borne in mind when the conversion from

observed degeneration to an age estimate is-made.
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Chapter 5. MATERIALS AND HMETHODS.

5.1 Background of the Sample.

The skeletal collection used in ?ﬁis study comes from
theARomano—British cemetary outside Dorchester (Dorset) at
Poundbury. The cemetexry was excavated over a twelve year
period between 1966 - 1978 by Christopher Green. Over a
thousand burials have been exhumed over a two acre area,

. although the total cemetery is thought to cover five acres
with a possible total of three to four thousand burials.

Dates have been obtained from both carbon tests and from

coins found with burials. The main par;.of the cemetery was

in use in the later part of the Roman occupation of Britain,

in the 3rd and 4th centuries. However, some areas do represent
both earlier and latexr burials, beginning as early as the
first céhtury and continuing in use into the post-Roman

period (Green, 1966, 1968, 1972, 1973, 1974, 1975, 1976).

The middle=third century saw an apparent decline in prosperity,
thought due to high inflation rates and unrest in Gaul and
Germany. An eventual separation of Gaul, Spain and Britain
from Rome occurred in 259 under Postumus, followed by
Victorinus and Tetricus, lasting until 274 when they were
recovered by Aurelian. Todd (1981), however, views this
traditional interpretation of events as unsubstantiated and

does not feel the case for economic decline is proven.
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Nonetheidess, over the course of. the subsequent century,
dissatisfaction with the administration from Rome and its
inadequate protection of civilian Romano-Britain is perhaps
reflected by the number of insurrections in the Western
provinces during the 4th century (Todd, 1981). For example,
the naval commander, Carausius,_rebelled, was condemned to
death and used the navy to seize power in Britain. Todd feels
Britain fell to his attack surprisingly easily suggesting other
forces at work against Rome than simply Carausius' military
skills. The very real threat posed to Britain by invasions

of the Picts is demonstrated by the fact that in 306,
Constantius then emperor, himself came to lead the counter-
~attack, which was then continued in a number of campaigns

by his successor, Constantine (Todd, 1981). The threat from
Germanic tribes may have begun even as early as the second
century and by the end of the third century, a line of shore
forts had been constructed in defence along the Southeastern
coast from the Wash reound to 3outhampton (Alcock, 1971). As
threats to Rome herself grew at the end of the 4th century,
troops were increasingly withdrawn from the gore distant
provinces such as Britain, allowing an escalation in raiding
from RBritain's enemies. Between 406 - 7, Britéin elevated
three would-be usurpers to the emperor, symptomatic again

of dissatisfaction with the central administration and a
hope of a better deal from their 'own man' (Alcock, 1971).

By 410, it is thought that Britain rebelled against Rome'sv
suprenacy and removed herself from Rome's jurisdiction rathex
than the opposite of Rome pulling out. Honorius' decree from

Rome, that the British should look to their own defences, was
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a way of saving face in Rome. This active role by the
British in the split is recorded guite categorically by the
Roman historian Zosimus (Todd, 1981; Alcock, 1971). Romano-
British culture and:presumably the trade-links would have
continued well on into the start of the so-called Dark Ages
in the 5th century, only gradually becoming effaced by the
incoming 3axons. Germanus of Auxerre in his visit to Britain
in 429 records meeting civic leaders at York who were
obviously still able to afford fine garments and a high

life~style (Todd, 1981).

The county of Dorset was originally ruled by the tribe
known as the Durotriges. The area appeared to be centred
on two main forts at paiden Castle and Hod Hill ét the time
of the Roman invasiony lead in this area by Vespasian. The
Romans would appear to have based themselves at Dorchester,
called Durnovaria, where there was a small Celtic hillfort
of Poundbury but which does not appear to have been a
significant centre prior to the advent of the Romans (Wacher,
1974).'Little is known of Dorchéster and ité inhabitants
but by the 3rd century the process of Romanisation would be
over and the Romano-British synthesis become a way of life
(Johnson, 1980). Dorchester is known to have been the home
of one of the major Romano-British schools of mosaics
(Johnson, 19380; Johnson, i982) suggesting the town was
predominantly a civilian centre rather than a military base
at this time. The region seems to have spawned another
centre at Ilchester, called Lindinis, which although not

apparently so important in fact is situated in far richer




agricultural land (Rivet, 1964) and has a far greater
cluster of villas around it, indicative of both wealth and
political power (Rivet, 1964; Wacher, 1974). So the exact
role of Dorchester in the area appears ambivalent perhaps
being the earlier centre of power with a gradﬁal shiff to
Ilchester as the 4th century progressed.

Very little is known of the composition of the
population in Romano-British times, of their lifestyles and
customs, or of their health. The cemetery at Poundbury shows
a number of features unlike other late Romano-British
cemeteries of the area, but rather having ressemblances to
- typical Christian cemeteries. The majority of the burials are
in wooden coffins, orientated with the head to the West. A
number of the burials have been packed in gypsum, particularly>
the lead-linsd coffins, a Christian custom and probably
indicative of wealth (leler, 1977). One of the lead coffins
bears an inscription IN'DNE, expanded to read In Nomine (tuo)
Domine. Very few grave goods were found with the orientated
burials again typical of Christian rites. Mosaics found in the
vicinity at the villas of Frampton and Hinton St. Mary show
motifs thought to be Christian, and the Frampton mosaics at
least are believed to be the work of the Dorchester school
(Johnson, 1980; Johnson, ¥9832)., This would suggest a
flourishing Christian community in the area during the
4th century. This may prove to be a commonplace feature of
the regional capitals of the South~east by the late Roman
period, as indeed is thought to be the case on the continent
(Green, 1977).
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it is assumed in a civilién market town, such as
Dorchester, that the number of immigrant settlexs was probably
never very éignificant and certainly any would have been
absorbed into the community by the 3rd and 4th centuries. The
city leaders and administrators would be indigenous dignitaries
rather than imposed rulers. One of the lead burials from the
cemetery had hair surviving in.a pigtail, possibly a sign of
the retention of Celtic styles amongst the wealthier classes
(Green, 1977). Alternatively, it could represent an adherent
of one of the pagan religions, such as Mithraism, many of
which were thought to undergo popular revival (Johnson, 1980).

However, since the coffin was oriented in custom with

Christian customs the former suggestion is preferred.

Almost nothing is known of Romano<British health and in
this respect analyses of the Poundbury collection should
provide some unique information, The skeletons are currently
housed at the Britiéh Museum of Natural History, in the care
of Theya Molleson, who has supervised the collection of
basic data by Dr. Patty Stuart-Macadam and Robert Kruszynski
and is now carrying out analyses of these data with Suzanne
Gautier. In addition numerous datailed studies have been

or are being made on specific areas.

There is no evidence for the prevalence of rickets and
the fracture rate seems failrly low. There could be some
evidence of cemetery site differences in the latter but the
uneven sample sizes of the different areas makes the

observation inconclusive (Molleson, pers. comm.). An appraisal
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of the use of stature estimates was made from the Poundbury
collection by McClintock (1984}, assessing the most
appropriate formula for this sample by comparison of
Poundbury limb bone proportions to the reference samples.
Her conclusion was that the.DupeItiuS and Hadden formuli
was the best suited for stature estimation in the Poundbury

sample.

A general study of the incidence of the arthritides
compared to modern day levels by Thould and Thould (1983)
found a high incidence of osteocarthritis especially in the
spine and a similar prevalence of vertebral ankylosing
. hyperostosis and rheumatoid arthritis. The latter claim was
surprising as rheumatoid arthritis had always been considered
as a modern disease. However, in response to the publication
Rogers and Dieppe (1983), who have exa;ined a wide range of
Saxon and Romano-British remains, question the diagnosis of
£heumatoid arthritis as described and feel it is better
interpreted as psoriatic arthropathy of Reiters disease.
Thould and Thould (1983) record no incidence of gout from
visual observation,:aithough the analysis of pathologies
through radiography carried out at the Natural History
Museum by Dr. John Price has indicated the presence of gout.
(Molleson pers. comm. ). As Rogers and Dieppe (1983)
emphasise:in their communication, the criteria for diagnosis

in palieopathology are far from adequately defined.

The large sample size has allowed a number of studies to

be made, similar to the present one, whexe, although the
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control information 1s not known i.e. in the present case age,
the number and completeness of tﬁe remains, allow sufficient
comparison to be made to draw strongly argued conclusions.

For example, those Skeietons able to be sexed with a high
degree of confidence from tﬁe pelvis can then be used to
assess the accuracy of other measured and observed sexing
criteria. In the Poundbg;¥n§gmple the tooth diametexrs proved
to be clearly sexually dimorphic in adults and since a
bimodal distribution is also found in juvenils, a strong

case is presented for sexing those juveniles (Molleson,

pers. COmm, ).

Whittaker et al. (unpubl. m.s.) studied the dental
health of the sample and reported that Poundbury did not
suffer from excessive tooth loss ante-mortem, and that the
rate of tooth loss correlated well witg‘age. Patterns of
foimer shape of the condyles of the temporomandibular joint
were also obsérved to change with age and a suggestion is
proffered that a relationship exists between tooth loss and

condylar change. No relationship was found between attrition

and condylax shape.

A study of cribra orbitalia from Poundbury and modern

radiographs has.elucidated the relationship of the observed
pitting to the various anaemias. The pitting most probably
represents the occurrence of childhood anaemias (Stuart-

MacAdam, 1982).

It is known that food preparation techniques in Roman




times could have caused high lead levels in the food, from
water piping and uténsils. Reports of high lead levels in
Roman times have caused much debate and controversy over

the years, even giving rise to a suggestion that lead
‘poisoning could have been an important contributory féctor

to the fall of the Empire. Studies of lead levels at
Poundbury have been made from bone, teeth and soil. Samples
of lead levels from-burials in lead coffins show an extremely
h@gh level indicating post-mortem uptake by the skeleton from
the coffin. The importance of taking lead samples from the
post—mortem.environment is thus emphasized (Waldron, 1981).
The soil levels at Poundbury are not high, and do not

- correlate well with the bone levels which are much higher.
than both the so0il or modern levels (Waldron et al., 1979).
Deciduous and permanent teeth were ana}ysed for levels of
lead, cadnium and zinc. Cadmium is rarer but more toxic than
lead; zinc is commonef énd less toxic. These three are
routinely screened for in modern analyses so could provide

a useful baseiine for comparative data. The prelimiﬁary
studies at Poundbury found far higher levels of all three,
paiticularly lead, in deciduous teeth than in the permanent
dentition. The ratio of zinc to the other two metals appeared
lower=than is usual in modern samples., The variation in levels
between fhe different specimens was very'high so that the
meén values are of limited value (Whittaker and Sfack, 1984).
wérk on the uptake of trace élements, their toxic effects,
age relationships and their interactions with one another is
at én early stage of investigation and reports such as these

will provide an accumulation of descriptive data to work

1
Do

]
F —_—
-t




from, rather than conclusive evidence for toxicity in a

particular population.

5.2 Age and Sex Assessment.

The Poundbury collection numbers 1228 individuals in
total. All the skeletons were sexed—and aged as part of the
overall bone study and‘neport performed at the British Museum
(Natural History) by Dr. Patty Stuart-MacAdam. The sex of the
juveniles was left undeterminedj.the sex of the adults was
ascertained on all possible criteria, leaving it as unknown
where the skeleton was inéufficiently complete. For the
'Poundbury collection the Phenice sexing criteria (Phenice,
1969) were found to be particularly diagnostic of sex
(Stuart-iacAdam, pers. comm. ). For the -purpose of
comparability of this study with other studies carried out
on the Poundbury material, the sexes. assigned by Dr. Stuart-

Macidam were used.

The juvenile ages were assessed on the basis of tooth
eruption, epiphyseal union and general skeletal development
(Stuart-MacAdam, pers. comm. ). Once epiphyseal fusion had
occurred, the adults were aged at the MMuseum by Dental
Attrition scores and by the metamorphosis of the pubic
symphysis. Again Dr. Stuart-iacAdam's grading for these two

criteria have been used in this analysis.
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eX
r. Macadam's own deccriptinn of the procedures used for scxing the shkeletons

e glveh below (Macadam, unpub.ms.):
Sex was determined primarily from pelvie morphology with a greater reliance on
nenice's diagnostic criteria™ (1969). These criteria are:
. presence or absence of a ventral arc on the pelvis;
presence or absence of a narrow medial aspect of the ischio-pubic ramus;

. presence or absence of a subpubic notch.

nis method was used because of its high reliability in conjunction with the
1et that the pelvis is known to be the most reliable sex discriminatbr.
ther pelvic and sacral morphology was also examined.

. Subpubic arch

. Body of pubis

. Symphysis

, Obturator foramen

. Acetabulunm

, Greater sciatie notch

.  Sacro-iliae articulations
. Pre-auricular sulcus

, Ilia

}J. Saerum

zatures of other areas of the skeleton were also examined, particularly the
tull as well as the overall appearance of bones in terms of size and muscle
:tachments. The features of the skull which were examined are:

The size of vault and face
Robusticity
General physiognomy
Supraorbital ridges
tuiuiiead - slope, heighnt -
Superior border of orbit
External occipital protuberance
Mastoid processes
Zygomatic bone

. Mandible - general appearance

. Gonial angle .

. Chin projection

. Chin form.




1e pelvie indicators depend on differences related to childbearing where the
smale pelvis is broader overall which affects individual anatomical features.
1e other ¢riteria tend to relate to size and robusticity, the male displaving
greater degree of these. In the situatioh'of'cpnflicting evidence from the
| fferent criteria, greatest weight was placed on.the pelvic indicators,
wrticularly phenice, Where no clear pattern emerged, sex was assigned on the

1sis of the majority of criteria.

", Macadam additionally notes that in the absence of skull or pelvis, tentative
X could be assigned from metrical features being recorded also in the

oundbury study. In the subsequent analysis it was found that metrical features
owing markedly bimodal distributions such as femur head diameter, clavicle
ngth, corresponded well to the sex assignments aiv-2ad, made by Dr, Macadam
ﬁolleson, Ga;thier, pers;éoﬁmn). Whether this validates Dr. hacadam's ;ex
ssignment and describes the Poundbury population as sexually dimorphie for

1ese features or rather suggests that she may have been unduly influenced
tbjectively by evident size and robusticity factors is difficult to assess.
rsither clavicle size nor femur head diameter are necessarily very prominent
ratures in the examination of an entire skeleton, and Dr. Macadam's own

‘iteria place major emphasis on features which would not be influenced by gross
ze., It is suggested therefore that Dr. Macadam's visually based assignment of
X would not have been heavily influenced by evident dimorphism in the

pulation.

ere is always the problem of bias in sexing discussed by Weiss, with the
ndency to sex in favour of males by as much as 12% Again there is very
ttle way of gauging the risk of this bias in an individual's sexing technique.

e bias towards males is seen as arising from a tendency to look for male




raits, particularly as regards size. Since great reliance was placed on the
olvis here, where specifically female traits are tending to be looked for, it
ight bz argued that if anything the bias might be towards females. Given a

sod number of skeletons where preservation gave skull and pelvis for
xamination, it can onlv be hoped that Dr. Macadam was able to establish for
orself the sex differences in this population of size assessments on the skull
ich as mastoid processes ete. Dr. Macadam certainly was very familiar with the
bllection before commencing the data collection having already studied all the

cull material for her doctorate on cribra orbitalia.

inally, however, the possibility of mis-assignment of sex can never be ruled

it and if this were as much as by 12% it»wquld, of course, seriously affect the
2sults in ternis of 2ay sex differences found’by the X¢ and Mann-Whitney U tesis
r any sex differences commented upon in the strength of correlations or in

refficients of variation.
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5,2.1 Dental Attrition.

48 discussed earlier, there are a number of different
scoring methods available to assess the degree of dental
attrition. The one used for the Poundbury skeletons was that
published by Brothwell in "Digging up Bones" (1972).

The + grades have been coded as_x.5_as the implication is
that it falls between the two 'whole' stages; the only ++

grading (5++) has been included in the top category of 6:0.

The three molars from the left side of the mandible were
each graded on this scale for attrition. However, the sample
"size for M3 has not been sufficiently large by comparison to
Ml and I, to be included in statistical analysisﬁ'ln-any jaw
displaying obviously uneven wear, malocclusion, ante-mortem
tooth loss or any pathology that could lead to uhequal weax
in the jaw, the teeth were deemed as ungradeable for aging

purposes. The Brothwell chart gives large age categdries

into which the various stages of wear fall.

Each indivi@ual has been accordingly put in an age
category following this system and using Dr. Stuart-ilacadam's
raw grades for the three molars. Brothwell's chart does not
provide different charts for the sexes, so It is assumed
in this case that the two Jsexes experience attrition at the
"same rate, an assumnption already questioned earlier And

which will be investigated in the analysis of the data.
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The chart from Brothwell (1972) for grading tooth wear and assignment to an age

category _is presented over. The dark patches represent the aress 2f exposed

dentine,

The grading was based on a series of populations from neolithic to mediaeval
times, a time period over which Brothwell eclaims, "the rates of wear do not
ippear to have changed much". In the group from Maiden Castle, the dental
attrition has been checked against the pubie symphysis face, although which
yubie symphysis age method used is not clear from Brothwell. However, the age
f the samples used is unknown for true calibration so the age categofies remain

road and should be viewed as relative categories rather than absolute age

rouns., N




DIGGING UP BONES

Age
period About 17-25 25-35 33-45 About 45+
(years)
Molar M1 mi | omi (M2 fma | oM v [m3 v | M|
pattern Or N ‘?In_\ gn:l]h.r} degree of wear
e an i the previ
enamel B Vers unegual wear sone-
Or polishing Unies occiirs lu{lht‘ later ~tages
L ] L ]
~ |G
(N 2y @4 3+

H® @)

No Enamel
wear  only

(3-)

Unequal wear

Numerical classification of molar wear
(N.B. Some patterns are more common than others, and there are minor differences between upper and lower, dentitions.)

Down to Roots
the neck only

Figure 3.9 A tentative classification of age in Neolithic to Medieval British skulls, based on molar

(Brothwell, 1972)

wear.




5.2.2 FPubic Symohysis Changes.

lea)
L

0]

scoring system used fo assess the changes in the
pubic symphysis are those of licKern and Stewart (1957) for
the males; based on their sample of Korean war dead, and on
the Gilbert and ticKern (1973) method for the females. =s
discussed earlier in the introduction, the two methods are
based on the develooment of the same three features of the
pubic symphysis for both sexes, but the age ranges of the
two samples are different. This means the possible range of
ages given for the Poundbury material is also different for
tthe two sexes so that the two mortality profiles are uneven
“in this respect. To bypass this problem and make the two
groups comparable, categories corresponding to those of
Brothwell for dental attrition have been used taking in the
“scores covering the same ranges as Brothwell's for both male
and female. The juveniles have been divided into five
categories, followed by Brothwell's five categories for

adultse.
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Dental age categories and juveniles.

age range category~
0 -~ o6mths 1
6m ~ 1ly 2
1 -~ b5y 3
5 = 10y 4
10 - 15y 5
15 - 20y 6
20. ~ 25y 7
25 - 35y 8
35 =~ 45y S
45+ 10

Pubic symphysis categories

age range category
fernale 13 = 24 108 male 17 - 20 190 6

16 - 25 20-2 1 18 -~ 21 19-8

18 - 25 215 18 - 23 20-8

22 - 29 26°0 20 - 24 22-°4 7
25 - 36 29-6 22 - 28 24-1

23 - 29 320 23 - 28 26-°1

22 = 40 330 22 = 29 202

30 - 47 36.9 29+ 35-8

32 - 52 39-0 B 36+ 410

44 —~ 54 478 10
52 - 59 557

N
s




5.3 Zong Structure lileasurements.

Thin sections of bone were prepared from the femoral
cortical bone. Sections were taken from the anterior
midshaft of the femur using an ordinary hacksaw. Thin sections
were prepared in Durham Anthropology department laboratory
by Lesley Bailey and Tracy Horsfall. A thinner section was
cut from the original section by a slow circular saw. These
sections were then left in a fixing solution for a minimum
of 24 hours. The fixing nmixture was 6 gm PVA : 50ml acetone.
The sections were subsequently air dried for a minimum of 12
hours. These sections were then ground down further, to as
near 150p4n as possible from the fragility, using wet and
dry carborundun paper. If the sections are not tod fragile
they should then be rinsed under the tap. After drying on

a tissue, they are mounted on a slide using DPX. This fixing
~and grinding method is that used by’Samson (pers. comm.).

It was not possible to make thin sections from the more
“fragile bones. These were those of poor presgrvation,
juveniles and osteoporotics. It is recognised therefore that
underrepresentation is given to the very young and very

extreme, possibly the very old, skeletons.

The measures taken were those necessary to construct
the age estimations of Kerley, Samson, fhlguist and Damsten

rand Thompson.

Kerley (1955, 1969) makes use of four parameters of bone

structure, Zach is used in a different equation for age



estimation. The first 1s based on the number of secondary
osteons present. This 1is referred to as KAO throughout this
thesis. The number of secondary osteons are counted in four
circular fields from the periosteal surface at quarter points
around the entire corticallsection, as described earlier. The
nutbers from the four fields are then Added together and put
ihto the equation. As only a semi-circular section has been
taken here, the four fields were taken at regular intérvals
along the anterior periosteal surface, rather than around an
entire cortical section. It is hoped that no major differences
will be present in the anterior/posterior portions of the
periosteal surface bone. Samson suggests it does not really
"make much difference where the measurements are made, so long
as the linea aspera is avoided (pers. comm.), and presumably
so long as consistency is maintained. Kerley's microscopic
field size was 2°47 times the size of the microscopic fiéld
in'this study (Kerley and Ubelaker, 1978). Therefore the sum
of the number of osteons in the four fields was multiplied

by 247 before used in the equation. This measure is referred
to as KNSO. (Kerley's number of secondary ostéons). The same
method was used for two of the other Kerley methods, the
number of osteon fragments (KNOF), and the number of non-
Haversian canals (KNNH). The fourth Kerley measure was the #
of the bone area still circumferential lamellar bone. This
was assessed for the four fields and the mean taken. No
adjustments were necessary for differences in field size

(KPCL). The four equations for age estimates by Kerley are

as follows:

.
XF




A0 {(Kerley Age, osteons)

2
= 2+278 + 0°187 x KNSO + 0°002256 x (KN30)~

s
o
ros
kY]
—

(Kerley ~ge, fragments)
= 5:241 + 04509 3 KNOF + 0+017 x (KXNOF)® - 0:00015 x
(KvoF) >
KAM (Kerley Age, non-haversians)
= 58390 ~ 3184 x KNNH + 0°0628 x (KHNH)2 ~ 0-°00036 x
(KNNEH ) 2
KAL (Kerley ge, lamella)

= 75:17 = 1+790 x KPCL + 0-0114(KPCL)?

Kerley suggest the best age estimate would be achieved
if the four were usedin.conjunction to define the region
of overlap and thus to narrow down the accuracy of age
estimation. The resolution is given as 10 years with 95%

accuracys

Ahlquist and Damsten (1969) developed a simple measure
of the % area of a square field covered by secondary osteons
and osteon fragments. Theyv use a 10 x 10 grid and count the
number of squares more than half cowexred by osteon bone for
the %. This .is an improvement on Kerley's estimation of age
from the 7% of circumferential lamella which was to be
judged by eye. Otherwise it represents much the same measure
in reverse. Again no adjustments are needed to be made to
the measure for differences of field size as the meaéure
i$ A pelative one. The measure of = of the grid covered by
osteons and fragments is referred to here as ADPO (Ahlquist

and Damsten, percent osteons). The shlguist and Damsten




eguation is as follows:
ADAGE (Ahlquist and Damsten age) = 9°991(ADPD) - 4496

— . . . +
The resolution 1s giliven as —=6°+71.

Thompson (1978, 1979, 1980) has five equations for age
estimation, each successive one adding an additional parameter.
The first, TAA (Thompson Age A.) uses the same measure as
the Ahlquist and Damsten method, ADPO. The equation therefore
is:

TAA = 6°677 + 101°936(ADPO/100)

The next measure to be added is the external bone
structure measure of cortical thickness (CTHICK). This was
measured using a graticule on an Olympus light microscope
at a magnification of x10 and where 1°*5 graticule units

- xepresented lmm. The measure was adjusted accordingly and
the results given in mm. This second Thompson age estimate
(TAa3) is constructed as follows: |
T:B = 20°969 + 95-278(ADPO/100) - 2¢314(CTHICK)
The third and fourth parameters are the mean perimeter
length of the secondary osteons and the total perimeter
length in the field. Again the 10 x 10 squared grid is used.
The total length of perimeter in the square field is given
by the eguation
TOPL = (11 /2)IL,
where TOPL is the total length of the perimeter (Thompson
osteon perimeter length) and IL a measure of the number of
times one of the grid lines is intersected by an osteon

perimeter,; divided by the total length of grid lines. The

-
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length of each grid line is 0°59mm and there are twenty-two
lines, therefore the total is 12°98mm. The mean osteon

perimeter length (TMOPL) is then obtained by dividing TOPL
by the number of osteons in the field. The third and fourth

age estimates (TAC and TAD) are gaven as follows:

H

TAC = 47°644 + 96°394(ADPO/100) - 2°457(CTHICK) ~ 47°590 x
(TMOPL)

TAD = 72°059 + 127°853(ADP0O/100) - 1°+797(CTHICK) -

]

83+949(TMOPL) - 2+739(TOPL)

The final Thompson parameter is the number of>secondary
osteons in the field (TN3SO). Thompson's square figld was
2827 % the size of the field in the present study, so the
number of osteons was adjusted accordingly. The equation for
the fifth Thompson age estimation (TAE) is as follows:

TA!

[eY]

= 28+978 + 128+557(ADPO/100) - 1796 (CTHICK) -

7+543(THOPL) - 7°+633(TOPL) + 2688(TNS0)

The method of Samson (1983) invol&es measures of the
number of secondary osteons per mm2 (CNSO) é;d the mean
minimum osteon diameter inmn (AMOD)..The area of the field
in this study was 0'8322mm2 so the mean number of osteons
over a number of fields was divided by this figure.to give
CNSO. AMOD was measured with an eye-piece graficule where
175 of the graticule unitégrepresented 1mm. The measurement
by the graticule was accordingly adjusted to obtain %he
measure in mm, and multiplied by 1000 to give the measure
in microns. These tw measures are multiplied together to

give a combined figure referred to by Samson as the
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morphological value (MCV). This is used in the equation below
to give the age estimation (CLAGE):

CLAGE = 0+1264763 (ricy)9 2050

This equation is given for use with males only, however,
it has been applied to the Poundbury females also for the

salkke of comparison. - - -

The Thompscon methods give a standard exror of estimate

as 8+6 for TAA decreasing to 7°1 for TaAZ=.

Samson's method of age estimation gives a resolution

2

X6 years, equivalent to the Ahlquist and Damsten method,
Considering that the Ahlquist and Damsten method is by far

the simplest to perform, this looks the most promising.

The age estimates will be referred to en masse
throughout the analysis as the microages. The measures of
bone structure features will be referred to as the

microparameter. The codes to be used for each of the

microparameters and microages are given again in Table 5.1.

Fig. 5.1 illustrates bone structure at different stages

of development.




Table 5.1 Codes used throughout for the variables of
Microages and Microparameters.

Migroages

CLAGE
ADAGE

KAO
KAF
KPCL

KNNH

TAA
TAB
TAC
TAD
TA=

Samson's method
Ahlquist and Damsten's method

Kerley's
methods

osteon number
fragment number
% area cilrcumferential
lamellar bone
" non-Haversian canal number

Thompson's methods

Microparameters

KNSO
KNOF
KPCL
KNNH
ADPO
TNSO
TOPL
TMOPL
CTHICK
AMOD
CNSO

Kerley numbex
Kerley number
Kerley % area
Kerley number

secondaxry osteons

osteon fragments
circumferential lamellar bone
non-Haversian canals

% area osteons and osteon fragments
Thompson number secondary osteons
Thompson total osteon perimeter length

Thompson mean

osteon perimeter length

Cortical thickness
Average mean osteon diameter

Samson numbexr

secondary osteons

b AN
Do
<o




v

STAGES OF BONZE STRUCTURE

hde DOANTT LTI .
C0D Z0HE SHOWING:

LoL-LaYRRED LAMELLAR

T OSTECH

FRAGUINTS

RCUMFERENTIAL LAMELLAR

oo
o0
e

DEVELOPHENT .







5.4 Scoring for Osteoarthrosis and Osteophyvtosis,

The method used to score for the presence of
osteoarthrosis and osteophytosis in the spine was based on
the stages described by Sager (1969). Sager iéentifies four
stages in the progression of the discase of both osteoarthrosis
and osteophytosis from O when no osteoarthrosis or
osteophytosis is present up to 4 when the bony lipping has

formed a fused bridge across the joint.

Sager (1969) based his stages on the progressive
degeneration of four features of the bone: - porosity of the
‘articular surface, osteophyte formation around the edge of the
articular surface, sclerosis of the bone of the articular
surface and eburnation of the bone of the articular surface,
Sager scored each of these separately, added up the score to
give a total valie. He also presents a simple four stage

system of the overall state of the joint.

In the Poundbury material the facets were scored for
porosity, osteophytes and eburnation/sclerosis and the body
scored for porosity and osteophyte formation. In the analysis
the body joint osteophytes have been kept separate as the
two did not always appear to progress together as indicated
by Sager and osteophytosis is taken to be the degree of
osteophyte formation on the body edge. The facets were seen
to display the features described by Sager more consistently
and so a simple overall grade was also assigned from O - 4
and this score has been used in the anélysis. The individual




features were treated as a hierarchy for cases where there
was a discrepancy in the degree of the separate features
degeneration. Porosity was given the lowest value, osteophytes
next, with eburnation/sclerosis given most importance. It was
felt that the early granulated appearance of the porosity
feature was too easily mimicked in an archaeological sample
by post-mortem process so a facet showing possible porosity
without any of the other markeré present was not graded as
having osteoarthrosis. Only once some evidence of osteophyte
formation was present was it counted as displaying
osteoarthrosis. The presence of eburnation/sclerosis was
taken as the most important indicator so that a facet with

- small osteophytes but a large area of eburnation and/orx
sclerosis was given a higher score than the osteophyte

score alone would give. In general, however, the osteophyte
development, porosity of the surface and eburnation/sclerosis
were seen progressing together. In both the body joint and
the facet joint when the osteophytes had grown to fuse to

the opposite joint surface this was graded as 4 in 3Sager.

This type of scheme of grading the severity of
osteoarthrosis and osteophytosis is very similar to those
used by other researcher on degenerative joint disease
(Jurmain, 1975; Stewart, 1958). The decision of category is
in all cases a subjective one, as for the more established
aging methods, based as it is on observation rather than

measurements.

In the scheme used here, waiting until the appearance

o0y
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of osteophytes in the facet joints no doubt excludes the
earliest stages of osteoarthrosis but for the purposeé of
its use as a possible aging method for the older agevranges,
it was felt this was preferable to possible overestimation
of its presence in younger age groups and will provide an

easler method for adoption by other anthropologists. )

Each facet joint surface was graded so that there are
two scores for each joint and four scoresrfor the two joints
between any two vertebrae (see Fig.'S,Z). The body jointrwas
scored in twelve location: three on the anterior edgé of both
the superior and the inferior surface and likewise three on
" the posterior edge of both superior and inferior surfaces

(see Fig. 5.3).

In analysis the four facet scores are reduced to one
score by taking the maximum score found. Likewise, on the
body the anterior and posterior scores are each'reduced_from
six to one by téking the maximum grade observed. In turn
these are reduced to one score.for each of f;e three regions

of the spine: cervical, thoracic, lumbar; and again reduced

to a single score for the whole column.

These composite scores for the spine regions aﬁd the.
whole column are constructéd in six ways. These six méasures
can be arranged in a hierarchical order, each Succeséive
measure utilizing more:information. The introduction of more
information provides a greater range of scores to correlate

against the dental age estimates used as the baseline data.
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FIG. 5-2 SITES OF FACET JOINT SCORES
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FIG.5-3 SITES OF DISC JOINT SCORES

k]

30

s !'.\
ol e U




The greatexr informatioﬁ counld involve a greater amount of
variation from causes other than age, alternatively it may
produce a more precise fit with age. 3Some of the information
may duplicate information introduced at an early level in
the hierarchy as regards the relation to age and therefore

offers no extra advantage.

The six measures of spine degenerative joint disease
for the regions and column are as:follows, arranged in the
hierarchical order of increasing information content.

1. Maximum Severity:

The maximum grade of severity in each of the regions and
in the column for the facet and for the disc joints.
2, Ccmbined Maxinmum Severity:

The maximum severity grade in the regions and column
for the facet joints added to the comparable score for the
disc joints to give jusf one score for each of the regions
and the column.

3. Extent (%) of Involvement:

The percentage of fhe facet and of the disc joints
displaying some involvemnt of degenerative joint disease in
cach region and the column.

4, The Combined Extent (%) of Involvement:

As no. 2, the extent score of the facet joints added

to the score of the disc joints in each region and the column.

5. IExtent (%) x Maximum Severity:
The percentage of facet and of disc joints involved
in each region multiplied by the corresponding maximum grade

of severity in that region or in the column, a combination



of no. 1 and no. 3.

6. Combined Extent (/%) x Maximum Severity:

)

The measures of no. 5 for facet and disc joints added

to each other in each region or in the column.

The information available is, therefore, severity and

extent of involvement. e e

In an archaeological sample, there is often substantial

amounts of missing data, in the form of missing vertebrae.

To calculate the measures for the individual joints and for

the

composite regions and. column, a mimnimum number of values

" is specified as necessary to make a valid score. For each of

the

two

For

two

individual facet or disc joints there had to be at least

of the possible four or six contributing values present.

each of the regional scores, there also had to be at least

of the individual joint scores available, and for the

column scores, at least seven.

Examples of the grades of severity of degenerative

joint disease in the facet and disc joints are shown in

Figs. 5.4 and 5.5 respectively. Vertebral body porosity is

illustrated in Fig. 5.6,

Additional figures illustrate the distinctive beak-

shaped osteophytes of the disc joints when at the most

severe development in Fig. 5.7, an example of fusion of

the

and

anterior ligaments as found in DISH disease, Fig. 5.8

examples of an extra sacral segment, Fig. 5.9 and a




STAGLS OF SEVERITY OfF OSi=Can

REST OF THE SrIkb

&3
EANY
&2













FIG. 5°5 STAGES OF SEVERITY OF OSTEOPHYTOSIS.
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FIG. 5°7 BEAK SHAPED OSTEOPHYTES.
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SRTEBRAE FROM DISH DISEASE.







FIG. 5°9 AN EX{TRA SACRAL SEGMENT.
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sacralized lumbar in Fig. 5.10.
5.5 Analysis

All the data has been put onto the IBM éomputer at
Durham University. The analysis was performed using the
Statistical Package for Social Sciences,; edition 10 (SPS5X).
The analyses performed were kept to simple tests of

correlation and difference. Nonparametric tests were used

throughout.

Statistics used to examine difference were theJ(? and
the Mann-Whitney U test. The;L2 test was used on data where
-only a few categories were involved. Specifically, this was
in investigations of sex differences in distribution of
severity in the individual joints and in the composite
regional and columnal méasures. The combined scores of
maximumn severity, the extent measures and the extent x
maxirmum severity measufe were assessed for sex differences
in distribution using the Mann~Whitney ¥ test. This test
was also used with the micraages and microparameters, the
dental attrition scores and the pubic symphysis metamorphosis
scores. The chaice of tests was largely determined by those

-
available in the SPSSX package. The X © test given with
crosstabulations, necessitates an absolute frequency of
number of cases being greater than five in each of the
tabular cells, which is not found 1in the sex distributions

of the combined maximum severity scores, nor, of course in

those measures using continuous scales.
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has been subdivided by age groups and by sex in tests for
sex differences in each age group. In these cases, where
smaller sample sizes are involved, significance is

accepted as p<L0-°05.

No cases have been excluded from the analysis on the
grounds of gross pathology etc. This was decided since it
is wished to assess the applicability of aging methods
throughout an entire sample, regardless of pathologies. The
study of palaeopathology itself needs good age estimations of
the individuals concerned. Of particular importance here are
cases of joint fusion in the spine from causes other than
- strictly degenerative joint disease. These occur mainly in
the thoracic region and represent ossification of ligaments.
The photograph in Fige. 5.8 is an example of such a case.
Individuals with severe cortical bone loss are less likely to
be involved since sections are not easily made from brittle,

porous bone. The external measure of cortical thickness will

have been taken, but internal examination will not have been

possible.

©

The bulk of the tables and figures have been presented
in appendices at the end of the thesis, since, with so many
variables studied, a large amount of data is necessarily

generated., Therefore, onluy the most pertinent have been

selected to illustrate the text in the chapters of results.
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ases using Spearman's
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statistic for rank correlation, r . This test compares the
two s2ts of data by placing the cases in rank order for each

variable and comparing the rank. Therefore, measures may be
seen to move in the same direction together even though
absolute values are very different. This is appropriate for
the estimates oif age used here, since different methods may
provide very different absolute ranges of age estimations,

but otherwise have a close relationship. 5Since setting
absolute age values is very problematic with skeletal remains,
a relative relationship is what must be first examined. The
.mean values, standard deviations and coefficients of wvariation
are given for most of the distributions. The coefficient of
variation is calculated by dividing the standard deviation

by the mean value.

A1l of the univariate and bivariate analyses used are

described in 3isgel (1956) and Blalock (1972).

In addition to these basic tests, a factor analysis
was periormed for the purposes of summarizing the relationships.

The axes used in the factor analysis are kept at right angles
to one another and rotated in #nlti-dimensional space to
obtain the greatest differentiation of grouped variables

(#iilliams, DErs. COMM. ).

The level of significance to be accepted was set at

of the large

)
L

p<0+*0l, in the majority of tests becau

sample size. The exceptions are instances where the sample




Statisties Used

52 Test

The X2 statistie tests in diff . ences between two samples whes the values are
arranged in diserete categories. The X% value itself gives no indication of the
direction of any observed difference between the samples. The frequencies for

each category are arranged in so-called contingency tables.

Sample A | B Total
Value P
Q
R

Total

The best estimate of iie expected values in each cell of the table can be

calculated from the total frequencies of the rows and columns.

The observed value is then compared with the expected for the entire set of
cells and the X2 value calculated by the formula

Observed
Expected

x2 = E(O-E)2 o
E E

The limitation on the use of X2 is the frequency in each of the cells. This
will distort the statistic if below a certain level. This level is set by
convention as an absolute frequency of 5. The statistic must be used on

. e
frequenCIes not perecuiages.

Mann-Whitney U Test

The Mann-Whitney U statistic tests for differences in the distributions of two

samples by arranging the values of the two samples in rank order. The U value



is the sum of the number of values of sample A which precede each value of

sample B.

The null hypothesis is that the values of the two distributions are randomly
intermixed on this rank ordering and the distribution of U values under the null

hypothesis is known.



Spearman's rs

The Spearman rank correlation coefficient similarly acts on ranking the data.
In this Case, .it is two measures for the same sample which are to b;‘compared
for cofrespondence. The cases are ranked by scdre for each measure and the sum
of the squares of the differences in rank calculated (Edi%) rs is computed from
the formula

rs = 1 - 6(Edi?%)

| N3-N
Statisties books commonly provide tables giving the critical values of XZ, U or
rs for given sample sizes when p<0.05 or p<O.0l. The SPSSX package
simultaneously computes the exact p value as part of the statistical.calculation

whieh is given here.



Factor Analysis

Factor analysis can be used for two purposes in the biological sciences. First,
to resolve complex interrelationships-into the interaction of fewer and simpler
factors and secondly, for the identification and isolation of causal factors
behind biological correlations, In this study where there are a large number of
variables, the factor analysis provides a simple way of summarising the
correlation relationships found between individual pairs of variables in the
bivariate analyses. The factor.analysis starts by constructing a correlation
matrix of all the variables involved. Covariation is then expressed in terms of
underlying factors and correlation coefficients express correlation of each
variable with such a factor. These factors explain various proportiéns of the

variance and covariance of the variables.

There are various methods for the extraction of factors from the correlation
matrix and these are obviously time-consuming to perform by hand. Thus, the
performance of factor analyses is very much a child of the computer era. The
SPSSX package for factor analysis was used here, setting the axes at right
angles one to another to be rotated in the hypothetical multidimensional space
in whieh the variables are plotted. This positioning of the axes serves to

max imise the differentiation of the factors (Williams, pers.comm.).

The correlation coefficients of each variable with each factor are presented in
the appendix and the groupings cf the variables by factor gigéussed. This
summary thus serves both to present the bulk of the data set in the form of
simpler factors and suggests possible causal agents behind the correlations

through the grouping by factors.



Sample Sizes

The sample sizes for each of the various spine and bone structure measures are
given both as the absolute Sample size by sex and by dental! .age. The sexing of
the population indicates a larger proportion of females so long as the 91

unknowns are randomly from both sexes. The sample sizes of the measures reflect

this, having a larger proportion of females.

The distribution of sample size§ of both the spine and bone structure measures
similarly show this pattern. It is felt, therefore, that the samples of the
spine and bone structure measures do come randomly from each age-sex subgroup.
The sample sizes are large compared to those of other studies (Kerley; Ahlquist
and Damsten; Thomson), with the exception of KAN against dental age. The

L 1Ol

values.




Sample Sizes

Sex
Unknown
Dental age
Pubic svmphyvsis age
KAO

KAF

KAL

KAN

CLAGE
ADAGE

TAA

TAB

TAC

TAO

TAE

Cerv. FACETS
Tho

Lumb,

Column.

Cerv. Disks
Tho

Lumb,

Column.

Cerv. Cambined
Tho

Lumb,

Column.
Cortical Thickness

Female

383.
91

250
142
149

68

76

27
164
144
144
144
141
139
136

253
282
294
279
224
242
239
240
220
239
235
235
247

10

Male

354

226
174
137

66

61

15
141
133
132
132
128
126
126

234
268
271
271
216
240
226
238
213
236
221
236
217

JUV

400




Numbers against Dental Age

Female Male
KAO 134 - .94
KAF 53 - -45.
KAL 64 46
KAN 25 10
CLAGE 125 99
ADAGE 110 91
TAA 110 91
TAB 110 91
TAC 108 88
TAD 108 : 88
TAE 108 87
Cerv. Facs 181 166
Tho 193 181
Lumb, 207 181
Column, 194 183
Cerv. Dises 157 154
Tho 168 159
Lumb, 169 . 152
Colunn. 165 ' 150
Cerv. Combined 156 152
Tho 165 159
Lumb, 169 149
Column, 162 160

11




Chapter 6. RESULTS: DENTAL ATTRITION AND PUBIC SYHPHYSIS

6.1 Mortality DistributionSe. e,

The distributions of age at death, as assessed from
dental attrition and pubic symphyvsis metamorphosis are
illustrated in Fig. 6.1, with the sexes apart. Dental age
gives a modal value of age at death of 25 -~ 35 for both sexes,
whereas pubic symphysis age gives the same modal value of
25 - 35 forsmales, but a far higher value of 45+ for females.

The distributions for the two sexes are compared using

]

the itlann-Whitney U test and the values given in Table of
Appendix /. 3ignificant differences are found between the
sexes from both mortality distributions. The age assessments
from dental attrition result in a greater number of males
in the older categories. The reverse is the case in the
distributions produced from pubic synmnphysis age, females
having a far greater preportion than males in the oldex

categories. The two methods therefore produce vary different

pictures of mortality in Poundburye.

Some correspondence between the two exists as the
Spearman rank correlation statistic shows a significant

correlation for both sexes between the two methods: (see
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Table 3 of Appendix ). This correlation is lowexr for
females than males. This implies attrition and pubic
symphysis metamorphosis progress linearly together, but some
acceleration of pubic symphysis metamorphasis in females
occurs in relation to the rate of dental attrition°
Alternatively; the conversion from either the score of the
metamorphosis or the score of dental attrition to an
cestimation of age is producing a distortion in the mortality

pattern.

6,2 Dental Attrition.

The distributions of attrition scores of each molar are
given in Fig. 6.2. A significant different¢e between the sexes
is found for all three molars using tthMann—Nhitney U test.
The U and p values are given in Table 5 of Appendix A. The
difference found is, of course, the same as the dental age
sex difference based on these scores, with the males showing
a greater proportion in the categories of more severe wear.
The difference between the sexes in attrition scores and,
subsequently in the mortality pattern, can either arise from
an unequal rate of wear on the teeth or from a real difference
in mortality patterns. Dietary differences between the sexes

~@ould easily have existed producing an unequal rate of wear.
The difference between the scores of M, and i¥,, between

re calculated and the

W
©

M_.oand ., and between M, and I
27 '3 1°

distributions given in Table 6 of Appendix A. The U and p

W

values of the ilann-Whitney U test for sex differences are

sy o
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given in Table 7 of Appendix A, None s - found to be
significant. However, it would also not be true to dismiss
the pDossibility of different rates of wear altogether since

a trend is indicated which is significant at p<0°+05, whereby
females have a greater difference in weaxr thaﬁ males between
and Mland NB. This suggests the possibility of a
‘longer interval between the eruption of M and M, or M, in
females than in males. It is difficult to assess if this
would affect the categorization into dental age groups.
Females could possibly have been placed in a group older

than a male of equal age on the basis of the wear on Ml, ox

in a younger one on the basis of I, and'MB. Since the

<

difference is not significant at the level stipulated for
acceptance here, and because errors in dental age assignment
could have been in either direction, iglwill be taken here
that no differences exist between the sexes in the relative
rates of wear on each of the teeth. It may be that one of the
sexes experiences more severe wear at a constantly greater

level than the other.

6.2 Pubic Symphysis lMetamorphosis.

A true comparison of the sexes by the scores of pubic
symphysis metamorphosis is not really possible as both the
scales and conversion to aﬁxage estimate are drawn up
separately for each sex. However, the same aspects of the

hysis are examined and the same progression of

10}

e

ub

g,

c sym

changes of cach of the three components so some rough level

of comparison may be made. The frequency distribution of the

¢

o
I




pubic symphysis scores in Fig. 6}3 disnlays the bulk of the
population in the higher scores, supporting the implication
of the method that 1t does not age well bayond 40, and a
greatexr proportion of males are in the higher scores than
females. It has been shown that this relatioﬁéhip of fhe sexes
is reversed once conversion to age estimates is made. This’
illustrates the need for_%_QQWP§F39£§_$COIin9 system for the

two sexes to assess real sex differences in the rates of

metamoxrphosis,

6.4 Dental Attrition and Pubic Symphysis Age.

The median valuwe of dental attrition scores are plotted
for each category of pubic symphysis age in Fig. G6.4. For
each tooth, males show a higher median grade of attrition in
each age group. If the pubic symphysis age were over-
estimating the females, the female distribution of median
values could be moved one category to the left. A slightly
greater attrition value would stiil exist for males. This
implies a greater rate of attrition in males. However, the
pubic symphysis aging is thought to be less reliable than

dental attrition aging, particularly in females so this

indication is inconclusive,

6.5 Pubic Symphvsis ietamorohosis and Dental Age.

The median grade of pubic symphysis metamorphosis for
each dental age group is illustrated in Fig. 6.5. No

difference 1is found between the sexes. Agaln as stated earlier,
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the conversion to real age changegvthis, the implication
being that possibly the female pubié symphysis metamorphoses
more slowly. This is partly an artefact of the different
reference samples, but the descriptions of the stages of
metamorphosis proceed to the commenceﬁent of gféék do&n in
both'sexes suggesting that this final stage is reached

equally in the younger malgvsamglg_ésﬁin the broader age

range of the female sample.

6.6 Pubic Symohysis Metamorphosis and Dental Attrition.

All the tooth wear scores correlate very highly with
- each other and also with the score of pubic symphysis
metamorphosis in both sexess The coefficients and p values

are given in Table 15 of Appendix A.

Sunrmary.

The mortality distribution from dental age depicts a
greater proportion of males in older age gréﬁps than females.
The distribution from pubic symphysis age shows the re&erse
pattern. Nonetheless, the progression of attrition and pubic

symphysis metamorphosis move linearly together.

There is a suggestion'that dental attrition may proceed
at a faster rate in males than females but the.evidence is
inconélusive. Females have a tendency for greater wear on Hl
which may be from a greater inter&al in eruption time between

Ml_and the other molars.
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ging from the pubic symphysis is felt to be less
reliable since the methods of each of the sexes are not
totally comparable. s far as they can be compared, it seemns
that the conversion from the raw score to age estimate may
overage females. lowever, the correlation between dental
age and pubic symphysis score is also better for males than
females, s0 the actual scoEing §X§Egmw?ay also be unreliable

for females. These indications are merely speculative, not

conclusive,

Dental age will be used as the baseline of age in the
Poundbury population for the examination of bone structure

and degenerative joint disease of the spines
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Chapter 7. RESULTS: BONE STRUCIURE.

7.1 Freguency Distribution of Age Estimates.

The distributions of age at death for each of the eleven
methods except TAD are given in Fig. 7.1. None shows any
significant differences between the sexes in distribution
using the Mann-Vhitney U test. This would indicate equivalent
mortality profiles between the sexes. It can be seen that the
majority encompass a wide range of age estimates some of
which are impossible, well over 100 or minus scores. This was
particularly true of TAD which had a large proportion of the
estimates below 0, so was not illustrated here. NoO cases have
been excluded on the grounds of pathology etc. and the most
extreme values presumably represent extreme outliers in

structural mesasurements from such causes.

The distributions for KAr, KAL and KAN are rather uneven.
KAN 1s based on a very small sample size of 27 female and

15 male only. KiL and KAF indicate a more even distribution

Ut

of age at death than any of the other age spreads.

None of the age distibutions indicates 2 large number
of childhood deaths. This is in part a sampling problem as
the small fragile bones of the infant and child are both less

well preserved and less easily ground down into thin sections
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Chapter 7. RESULT5: BONZ STRUCTURE.

7.1 Freauency Distribution of Age Estimates.

The distributions of age at death for each of the eleven
methods except T.iD are given in Fige. 7.1l. None shows any
significant differences between the sexes in distribution
using the Mann-hitney U test. This would indicate equivalent
mortality profiles between the sexes. It can be seen that the
majority encompass a wide range of age estimates some of
which are impossible, well over 100 or minus scores. This was
particularly true of TAD which had a large proportion of the
estimates below 0, so was not illustrated here. NoO cases have
been excluded on the grounds of pathology etc. and the most
extreme values presumably represent extreme outliers in

structural measurements from such causes.

The distributions for KAF, KAL and KAN are rather uneven.
KAN is based on a very small sample size of 27 female and
15 male only. KaL and KA indicate a more even distribution

of age at death than any of the other age spreads.

None of the age distibutions indicatesa large number
of childhood deaths. This is in part a sampling problem as
the small fragile bones of the infant and child are both less

"well preserved and less easily ground down into thin sections
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Tor microscopic examination. In addition, the majority

Ny

Oof parameters to be measured £or age estimation are features
of adult bone, which are forming during childhood, but not
very prevalent. The two methods which do measure the retention

of childhood bone features (KAN and KAL) do indicate small

o]

22} f distribution in e UNger rangesS.
Ks of distribution in the young ges

KAO, CLAGE and ADAGE provide distributions showing a
peak of mortality, then a fall approaching a normal
distribution. This pattern is also produced by the five
methods of Thompson. However, as mentioned above T.\D has a
large number of estimates below zero. This 1is true to a
lesser extent for TAC also. So although in rank correlation
tests, similar rank may be found with other estimations, the

absalute values are ridiculous.

Peak and mean ages of death are given in Table 7.1.
TAas and TAB have peaks in the seventies. The Kerley estimates
also show tendencies to peak late in life. This might suggest
an overestimation of age by these equationS.VCLAGE, ADAGE
and TAE fit more closely to traditional expectations with
peaks in the forties and fifties. dean values of age at death
again have the highest values from TAAX and TAB in the sixties.
CLAGE a