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SUMMARY

This thesis investigated the suitability of the 3SPACE Isotrak for monitoring
motion in the human lumbar and cervical spine. The System was shown to
be reliable and to give good reproducibility of results in most instances. It
allowed quick and easy measurements to be obtained in the clinical setting,
and was used to assess whether therapeutic treatments for patients were

having their desired effect.

Data-bases of the range and coupling of movements in the '"Normal' lumbar
and cervical spine vyere compiled. The results for the lumbar region showed
the range of motion to be in excess of that expected using radiographic
techniques particularly for axial rotation. A change in lumbar and cervical
range of movement related to age and sex was observed. Large variations in
mobility were seen within groups. Some of the reasons why variations may
have occurred in the lumbar spine were investigated including investigations

on the effect of the time of day when monitored and misplacement of the

sensor.

In the lumbar spine‘coupling between the movements of lateral bend and
axial rotation was observed and lateral bending was also shown to be
coupled with flexion. In the cervical spine, extension was seen to
accompany the primary movement of axial rotation and lateral bending was
accompanied by axial rotation. Flexion and extension did not have any

significant degree of coupling. All primary movements were shown to

decrease with age.



A number of patient groups were studied with the most comprehensive
study being conducted on those with ankylosing spondylitis (A.S.). Changes
in the range of primary movements, and disruption to coupled movement

patterns were observed in patients compared with the 'Normal' groups.

The effect of the 'Back' school for low back pain patients and a self help
group for A.S. patients were assessed. Results for both groups showed no
overall effect on mobility in the long term when comparing patients with

control groups.
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SECTION 1: THE LUMBAR SPINE
CHAPTER 1

1.1 LlTERATUBE REVIEW

Measurement of spinal motion is a routine part of the clinical examination
of patients suspected of having spinal disorders such as disc prolapse,
ankylosing sandyIitis, spondylolysthesis etc. which may produce
limitation of movement in one or more planes (Pearcy and Shepherd,

1985; Tibrewal et a/, 1985).

In 1827 measurements of motion in the cadaveric human spine were
conducted by Wéber. These were possibly the first tests conducted on
the human cadav‘i‘eric spine. In his tests Weber monitored the motion of
three cadavers and concluded that the cervical spine was the most
mobile region of the spine whilst the dorsal and lumbar regions had
rotation and inclination distributed so that the lumbar vertebrae could -
only be flexed anieriorly, posteriorly and laterally but not at all in the

longitudinal axis of the vertebral column.

One early method used for measuring spinal motion was that described
by Blumenthal (1912). In his studies Blumenthal attached pieces of
adhesive plaster onto individual spinous processes. Threads ran through
the plaster and weré marked at equal distances by a bead. The threads
were held taut by means of suspended lead weights. The beads indicated

the contours of the spine and were used to observe flexion and

extension.

The first recorded use of roentgen rays for studying spinal motion was by

Hans Virchow (1919). Dittmar (1929) described the use of roentgen rays
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in the investigation of the mechanics of motion of the spine, and his
study is claimed to be the first earnest effort to use roentgen rays in the
measurement of spinal motion. In his studies Dittmar demonstrated that
movements occurred about several variously situated transitory axis, and

that shearing occurred in flexion.

Other methods of monitoring motion include visual examination, modified
Schober method (Macrae and Wright, 1969), measurement using
flexicurves (Burton, 1986) and biplanar radiographic techniques (Pearcy
and Whittle, 1982). These measurement systems, with the exception of
the radiographic techniques, have the advantage of being quick, easy to
apply and of requiring relatively simple instrumentation. Their
disadvantage however is that they are only able to give a one or two-
dimensional picture of a subjects movements and only give values at the
extremes of motion without supplying a detailed picture of a patients

pattern of movement.

The 3Space Isotrak system has previously been shown by Pearcy and
Hindle (1989), Johnson and Anderson (1990), Buchalter et a/ (1989a)
and Elnagger et a/ (1991) to be a valuable tool in monitoring a subjects
movement by not only giving values at the maximal ranges of motion,
but by also giving a three-dimensional picture of the way in which a
subject moves in order to reach that maximum position. The main

advantage of using this system is that it is able to monitor motion in

three-dimensions.

The method by which the Isotrak operates has been described in detail
by An et a/ (1988). The Isotrak system consists of a source module

and a sensor both of which contain three sets of orthogonal coils. The









episode of pain and 259 had experienced low back pain. Burtons study
found that the range of sagittal mobility in subjects with low back pain
(LBP) was dependent on, amongst other variables, the sex and age of the
sufferer. They also found that the presence or absence of a history of
low back pain rﬁay affect movement. Therefore when building a data
base of the so called "normal™ range of movement in-the lumbar spine a
number of considerations have to be taken into account with allowances

for sex, age and previous episodes of low back pain having to be made.

Evidence from work in this area is somewhat inconsistent with work
carried out by Anderson and Sweetman (1975) on 432 male subjects
being unable to relate lumbar sagittal mobility to a past history of back
trouble. Mayer et a/ (1984) did however find a limitation of lumbar flexion
in males with chronic low back pain and Wickstrom et a/ (1978) found

limitation of lumbar flexion in males with a history of sciatica.

Another important factor which ideally should be taken into account
when trying to compile a "normal” data g}oup is the lifestyle of the
person being tested. Occupation and leisure activities might be expected
to have some efféct on movement patterns and ranges of motion. In a
study on how lumbar mobility was influenced by leisure sports activity
Burton and Tilotson (1991) came to the conclusion that rather than
having the effect of increasing spinal flexibility, increased exposure to
adult sports actually produced a reduction in mobility. This they
attributed, in parf, to the infiltration of fibrous tissue into elastic
periarticular structures or possibly due to a loss of disc height in
response to microtraumata. People participating in regular sporting
activities might therefore be expected to show a difference in range of

movement compared with non-sporting people.



The advantage of measuring spinal motion in three-dimensions is obvious
since the spine is a complex three-dimensional structure which can be

seen to exhibit complex patterns of movement.

Even when performing the relatively simple movements of lateral bend
and axial rotation, coupling of movement can be visually observed. For
the movement of flexion and extension in the 'Normal' spine, the
displacement of the facet joints is symmetrical with the range being
dictated, to some extent, by the geometry and stiffness of the disc
(Markoif, 1978). In lateral bending however an asymmetrical
displacement of the facets occurs, which, combined with the asymmetric
tension within the transverse ligaments, results in a rotational movement
about the longitudinal axis ie. coupling of lateral bend and axial rotation

occurs.

We might expect to see deviations from the 'Normal' pattern of
movemént when monitoring subjects with various spinal pathologies such
as facet joint arthropathy, people having undergone various forms of
spinal surgery etc., as the function of the intervertebral joint may well be

compromised or impaired in some way (Tibrewal et a/, 1985).

The main aims of this section of the study were therefore to use the
Isotrak system to monitor movement in the normal and pathological

lumbar spine to try to assess:

1. Whether changes in motion, both in the primary and coupled

movement planes, that were related to age and sex could be detected.



2. Whether lumbar primary and coupled movement range of motion was
dependent on external factors such as time of day when monitored, load

bearing etc.
3. How accurately the Isotrak could measure intervertebral movement.

4. Whether easily identifiable changes in movement occurred between
'Normal' subjects and subjects with spinal pathology eg. Ankylosing

spondylitis, lumbar disc prolapse, spondylolisis etc.
1.2 MEASUREMENT METHODS

Measurements obtained in this section of the study were obtained in
essentially the same manner as those obtained by Hindle in his study on
the range of movement of the lumbar spine (Hindle, 1989). The source
and sensor were placed over the sacrum and L1 spinous process
respectively, with every effort being made to place the sensor ‘centrally’
over the Lﬁ spinous process. The L1 spinous process was identified
using the method of Burton (Burton, 1987) who identified the L4 spinous
process to be at the bisection of the line joining the highest points of the
iliac crest. Having identified L4,' L1 was found by palpation. In order to
make identification easier the subjects were asked to bend forward
slightly so that the spinous processes became more prominent and easily
identifiable. The sensor was initially held over the skin overlying the Li
spinous process using double sided tape, this was later changed to Britfix
sticky pads as they were found to give a more secure fixation of the
sensor onto the skin. In Hindles work a velcro band was used to secure
the source and sensor securely, in this study a wide band of elastic was

used as a substitute as it enabled a firmer fixation of the sensor and









CHAPTER 2

'NORMAL' RANGE OF MOTION AND COUPLING OF MOVEMENTS
OBSERVED IN THE LUMBAR SPINE

2.1 INTRODUCTION

Work previously carried out by Hindle (1989) included measurement of
the range and pattern of movement in groups of 'normal’ subjects using
the same method as that used in this study. In his study 10 subjects
were tested in each age/sex catagory. Hindle came to the conclusion that
lumbar spinal mobility was dependent on both age and sex. {'he aim of
this chapter was tc; increase the numbers tested in each age/sex group in

order to substantiate or contradict his findings.
2.2 METHOD

Measurements were obtained using the method given in chapter 1. The
concensus of opinion implies that previous episddes of LBP should be
taken into account when determining whether or not a subject should be
included in a '"Normal' data group (Burton et a/, 1989), and that ideally
such a person should be excluded. However 80% of people will suffer
from some mild form of back pain during their lifetime, most of whose
symptoms resolve quickly without treatment, and which appears not to
affect their movement |n the long term. No study appears to have been
conducted to confirm whether or not the movement pattern of such a
person alters after a bout of trouble and whether or not this might have a

cumulative effect.

To build-up a database of. subjects who had never suffered from any




back pain would be ideal but very hard to compile. Volunteers taking part
in this study were asked to confirm that to the best of their knowledge
they had no diseases known to affect the spine, that they had never
undergone any treatment for spinal problems; either physiotherapy or
surgery, that they had been free from any form of back pain for the
previous six mbnths and that at the time of the test they were not
suffering from a‘n abnormally stiff back eg. due to gardening, vigorous
exercise etc. In this way any patients who had suffered from any
significant episodes of previous LBP were excluded from the study. Due
to the relatively large numbers of subjects tested and' the hazards

involved, X-rays were not obtained for any of them.

Since we wanted to look at the "normal” range of motion in people
without spinal problems, any person who participated in sport at a
professional level was excluded (Burton and Tilotson, 1991) but those
who participated in sporting activities 0}1 a regular basis were included.
No record was kept of the subjects sporting activities. None of the
volunteers were currently involved in heavy manual work with the
majority of the subjects being either students, technicians, secretaries,
lecturers, physiotherapists or retired. Most of the retired people tested

were ex- schoolteachers or lecturers.

In orderl to assess how results obtained from this study compared with
the results obtained by Hindle a further minimum number of 10 subjects
per age/sex group were tested so that the size of each group was
increased to a minimum of 20. (see Table 2.1 for group details). Before
analysis of the combined groups could be carried out, data obtained by
Hindle (RH) and data obtained from this study (PR) were compared to

assess whether the results were compatible, or if they differed



significantly from one another.

TABLE 2.1
DETAILS OF 'NORMAL' GROUPS STUDIED

AGE GROUP MALES FEMALES
NO. MEAN SD NO. MEAN SD

AGE AGE
20 - 29 RH 4 25.5 2.6 10 24.6 2.5
PR 31 22.6 2.3 16 23.8 3.3
30 - 39 10 35.5 2.5 10 33.9 3.5
PR 17 33.5 3.0 15 34.7 3.7
40 - 49 RH 10 42.9 2.9 10 43.4 2.0
PR 19 44.1 2.8 16 45.1 2.7
50 - 59 RH 8 55.9 3.0 10 53.1 2.2
PR 13 53.8 2.7 11 54.3 2.5
60 - 69 RH 0 ——— -— 0 ———— -
PR 23 63.8 2.4 20 63.2 2.5

2.2.1 ANALYSIS OF DATA

Data were analysed using the student t-test, paired t-test, regression analysis,
analysis of variance and chi-squared statistics where appropriate. Statistical
significance was taken to beat P < 0.05.

2.3 RESULTS

The results obtained for the mean maximum primary motions and coupled motions
observed were treated separately for clarity. Typical movement patterns obtained for

subjects have been given in figures 2.1 - 2.3.
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Figure 2.1 - Subject performing the primary movement of
flexion and extension

(Coupled movement patterns of Iateral bend and axial rotation are also
shown). .
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Figure 2.2 - Subject performing the primary movement of lateral

bending

(Coupled movement patterns of flexion/extension and axnal rotation are
also shown). .
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Figure 2.3 - Subject performing the primary movement of axial
rotation

(Coupled movement patterns of flexion/extension and lateral bend are
also shown).
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2.3.1 Primary Motion

2.3.1.1 Relationship between results obtained from this study and RH's study

Results of the mean maximum obtained ranges of movement for RH (Hindle) and
for PR (Russell) are shown in Table 2.2 which indicates any significant differences

obtained between the two.

As can be seen the majority of the data groups obtained by Hindle and Russell did
not give significantly different results. The exceptions to this were in i) the male 20
- 29 age group where the range of extension for PR was significantly higher than
that for RH. ii) male 50 - 59, female 20 - 29 and female 30 - 39 age groups where
range of axial rotation for PR was significantly greater than that for RH. iii) female
20 - 29 age group where the range of flexion for PR was significantly higher than
that for RH.

In the male 20 - 29 age group only 4 sets of results obtained from RH's extension
data were included, two sets of results having to be discarded due to abnormally
high readings and four sets of results unable to be used as they had accidentally
been erased. It is possible therefore that the four sets of readings used were not truly
representative, and indeed when comparing PR's results with the value given by RH

in his PhD thesis of 26.01 degrees the two are not significantly different.

There is no obvious reason why the significantly different results in the female age
groups should have occurred, however a possible explanation is that either RH or
PR consistently misplaced the sensor so that it was in a position higher or lower
than the position of L1. In order to ascertain whether or not this was the case the
files containing information about the relative position of the sensor to the source
were analysed and the jrelative distances between source and sensor for RH and PR

calculated (See Table 2.3).
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JABLE 2.2

RANGE OF MOTION IN "NORMALS"
(results for PR and RH)

SEX |AGE GROUP FLEXION EXTENSION | LATERAL AXIAL
/TESTER BEND ROTATION
MALE : .

RH| 20 - 29 71 % 13 20 * 3 55 £+ 7 29 £ 7
PR 76 £ 9 27 + 8 55 % 10 32+ 8

30 - 39 69 * 10 22 ¢ 5 47 + 8 26 + 8
PR 75 * 12 23 + 6 52 + 8 20+ 9
RH| 40 - 49 73 % 9 19 + 7 44 £ 9 27 + 9
PR | 74 £ 9 20 = 8 43 £ 9 26 + 8
RH| 50 - 59 68 + 12 21 = 7 32213 |23+ 8
PR ¢ 65 * 13 12 £ 6 42 * 12 31+ 9
RH| 60 = 69 | —=mmme= | cmmeee | mmmmeee | cmmeeeo
PR 63 + 11 15 = 5 35 + 8 30 + 8

FEMALE . .

RH| 20 - 29 56 £ 11 |. 29 * 7 58 + 22 27 £ 7
PR 67 + 9 28 + 8 57 + 12 36 + 8
RH| 30 - 39 68 * 10 21 = 7 51+ 8 |*23% 8
PR | 74 * 12 26 = 9 60 + 12 33 £ 7
RH| 40 - 49 61 + 12 19 £+ 7 | 53 £ 11 33+ 8
PR 63 + 13 20 = 7 50 + 11 32 ¢ 11
RH| 50 - 59 70 + 8 18 * 6 47 * 10 28 + 9
PR 65 + 10 22 9 41 * 10 35 + 12
RH| 60 - 69 | =—=—==== |  commee | mmmmmee f —mme e
PR 58 £ 9 20 6 44 = 9 36 + 12

N.B. * :- Indicates a significant difference between results obtained by RH and results from this

study
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TJABLE 2.3

DIFFERENCES IN SOURCE TO SENSOR DISTANCE
FOR RH AND PR -

SEX Age‘ Tested Source to Sensor distance
- Group by cm (mean * sd)
MALE 20 - 29 RH 11.7 £ 1.8 *
: PR 16.8 * 2.5
PR+RH 16.0 * 2.5
30 39 RH 15.5 £ 3.1 =*
‘ PR 18.7 £ 2.1
PR+RH 17.5 £ 2.9
40 49 RH 13.4 £ 5.0 *
. PR 18.8 £ 2.9
PR+RH 17.0 * 4.5
50 59 RH 14.8 £ 2.4 *
PR 1.0 + 1.9
PR+RH 17.5 £ 2.9
60 RH | =~ = ==eee—e——-
PR 17.9 * 2.4
PR+RH ” ”" ”"
FEMALE 20 29 RH 13.6 £ 2.0
PR 15.1 £ 2.6 **
PR+RH 14.7 £ 2.5
30 39 RH 14.0 = 2.8
PR 16.2 = 2.4 **
PR+RH 15.3 £ 2.8 **
40 49 RH 14.8 £ 1.9
: PR 15.4 £ 1.6 **
PR+RH 15.2 £ 1.7
50 59 RH 15.4 * 3.2
PR 14.5 * 2.4 **
PR+RH 14.9 + 2.7 **
60 RH | =eeeee———-
PR 15.6 * 3.2 **
PR+RH 1" " 1] * %
N.B. * Denotes significant differences between PR and RH's data.
** Denotes significant difference between male and female sensor-source
distances.
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2.3.1.2 Combined results from RH's study and this study

Since the majority of results obtained in each age/sex catagory for RH

and PR were not sngmf:cantly different it was considered reasonable to

comblne the two data sets in order to look for common and distinct

trends (Table 2.4).3 In order to obtain a clearer picture of what was

happening these résults are presented in graphical format (figs 2.4 &

2.5). Figures 2.4 and 2.5 show the mean values (+ sd) for each age and

sex group tested.

TABLE 2.4

RANGE OF MOTION DETERMINED BY AGE GROUP

|

SEX |AGE GROUP FLEXION EXTENSION | LATERAL AXIAL
BEND ROTATION

MALE 20 - 29 75 + 10 25 + 8 55 + 9 32 + 8
30 - 39 74 + 9 23 + 6 50 + 8 28 + 9

40 - 49 74 + 9 20 £ 8 44 + 8 26 + 8

50 - 59 65 + 12 16 + 7 39 + 13 28 + . 9

60 - 69 63 + 11 15 + 5 35 + 8 30+ 8

FEMALE | 20 - 29 63 + 11 28 £ 7 57 + 11 33+ 9
30 - 39 71 + 11 24 + 8 55 + 10 29+ 9

40 - 49 62 * 12 20 7 51 * 11 33 + 10

50 - 59 67 + 9 20 + 8 44 + 10 32 + 11

60 - 69 58 + 9 20 * 6 44 + 9 36 + 12
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FIGURE 2.4

MALE SUBJECTS

EFFECT OF AGE

CHANGE IN RANGE OF MOTION IN 'NORMAL'
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FIGURE 2.5
CHANGE IN RANGE OF MOTION IN 'NORMAL' FEMALE SUBJECTS

EFFECT OF AGE
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2.3.1.3 Effect of age and sex on range of primary motion

To assess whether: the trends seen in figures 2.4 and 2.5 were
significant, t-test statistics were used to compare each age and sex
group. Table 2.5 shows significant movement changes for males and

females related to age.

TABLE 2.5
SUMMARY OF SIGNIFICANT DIFFERENCES BETWEEN AGE GROUPS

SEX AGE GROUPS MOVEMENT DIFFERENCE

MALE 20 - 49 & 50 - 69 FLEXION Y>o0
20 - 39 & 50 - 69 EXTENSION Y >0
20 - 39 & 40 - 69 LAT. BEND Y >0
40 - 49 & 60 - 69 " Y >0
20 - 29 & 40 - 49 | AXIAL ROT. Y>o

FEMALE 20 - 29 & 30 - 39 FLEXION 0>Y
30 - 39 & 40 - 49 " Y >0
30 - 39 & 60 - 69 " Y >0
50 - 59 & 60 - 69 " Y >0
20 - 39 & 40 - 49 EXTENSION Y >0
20 - 29 & 50 - 69 " Y >0
30 - 39 & 60 - 69 " Y>o
20 - 39 & 50 - 69 LAT. BEND Y>o
30 - 39 & 60 - 69 AXIAL ROT. 0>Y

N.B. Y Denotes younger age group, O Denotes older age group
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In order to determine whether there were significant differences between
males and females of the same age group t-tests statistics were applied

to the data and Table 2.6 was constructed.

TABLE 2.6
SIGNIFICANT DIFFERENCES BETWEEN SEXES

AGE PRIMARY DIFFERENCE
GROUP MOVEMENT

20 - 29 FLEXION M>F
30 - 39 LAT. BEND F>M
40 - 49 FLEXION M>F
LAT. BEND F>M
AXIAL ROT. F>M
60 - 69 EXTENSION F>M
| LAT. BEND F>M
AXIAL ROT. F>M

Since there were differences between age groups as well as sexes it was

not considered appropriate to combine all male and all female data.

2.3.2 Cougléd motion: Effect of age and sex

Tables 2.7 and 2.8 show the significant differences in magnitude
between coupled movements determined by age for male and female

subject groups.
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TABLE 2.7
EFFECT OF AGE ON COUPLED MOTION IN MALE SUBJECTS

"AGE PRIMARY DIFFERENCE SIG.
GROUP MOVEMENT MOVEMENT
20 - 29 R.BEND Y >0 R. TWIST
& o>Y FLEXION
30 - 39 L.BEND Y >0 R. TWIST
20 - 29 FLEXION Y >0 R. BEND
:0 - 49 L.BEND Y >0 R. TWIST
20 - 29 R.BEND Y>o0 R. TWIST
gO - 59

20 - 29 L. TWIST Y >0 R. BEND
20 - 69

30 - 39 FLEXION Y >0 L. BEND
ZO = 49 R. TWIST Y >0 FLEXION
30 - 39 L.BEND 0>Y R. TWIST
20 - 69 L. TWIST Y >0 R. BEND

N.B. Y denotes younger age group, O denotes older age group.
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TABLE 2.8
EFFECT OF AGE ON COUPLED MOTION IN FEMALE SUBJECTS

AGE PRIMARY DIFFERENCE SI1G.

GROUP MOVEMENT . MOVEMENT
20 - 29 R. BEND 0>Y FLEXION
& L. BEND 0 >%Y FLEXION
30 - 39

R. TWIST Y >0 L. BEND

L. TWIST Y >0 R. BEND
20 - 29 R. BEND 0>%Y FLEXION
& L. BEND 0O>Y FLEXION
40 - 49

L. TWIST Y >0 R. BEND
20 - 29 'R. BEND 0>Y FLEXION
& L. BEND 0O>Y FLEXION
50 - 59 ‘

R. TWIST Y >0 EXTENSION

‘L. TWIST Y >0 R. BEND
20 - 29 EXTENSION Y >0 R. BEND
& ‘
60 - 69 L.TWIST Y >0 R. BEND
30 - 39 'EXTENSION Y >0 R. BEND
& «
60 - 69 FLEXION Y >0 L. BEND
40 - 49 FLEXION Y >0 R. TWIST
s V
50 - 59
40 - 49 R. BEND Y >0 FLEXION
& L. BEND Y >0 FLEXION
60 - 69

L. TWIST Y >0 FLEXION
50 - 59 R. BEND Y >0 FLEXION
& L. BEND Y >0 FLEXION
60 - 69

L. TWIST Y >0 FLEXION

N.B. Y denotes youhger age group, O denotes older age group.
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Table 2.9 shows the significant differences in magnitude of coupled

motion between males and females of the same age group.

TABLE 2.9

DIFFERENCES IN MAGNITUDE OF COUPLED MOTION BETWEEN MALES
AND FEMALES '

AGE PRIMARY DIFFERENCE SIG.
GROUP MOVEMENT MOVEMENT
20 ~. 29 R. TWIST F>M EXTENSION
30 - 39 R. BEND F>M L. TWIST
L. BEND F>M R. TWIST
40 - 49 FLEXTON M>F R. BEND
F>M L. BEND
R. BEND F>M FLEXION
L. BEND F>M FLEXION
F>M R.TWIST
R. TWIST F>M EXTENSION
50 - 59 R. BEND F>M L. TWIST
60 - 69 R. TWIST F>M EXTENSION
L. TWIST M>F FLEXION

In order to confirm whether there was a significant degree of coupling
between movements Chi-squared tests were carried out on male and
female data sets. "I"he results of these tests are set out in Table 2.10
together with the percentages of each group showing coupling. Where a
positive recording has been given this implies that the coupled movement
was either flexion, left lateral bend or left twist, negative implies that the
coupled movement was either extension, right lateral bend or right twist

" and zero was recorded where a reading of + 1 or O was obtained.
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JABLE 2.10
CHI-SQUARED ANALYSIS ON COUPLING OF MOVEMENTS IN MALE AND FEMALE GROUPS

TESTED
COUPLED SEX SIGNIFICANCE + VE - VE ZERO
MOVEMENTS % % 3
Bend on Ext. M NS 35.3 37.6 27.1
F NS 31.9 50.9 17.2
Twist on Ext M P < 0.001 21.8 50.4 27.1
F NS 32.8 36.2 29.3
Bend on Flexion M NS 36.1 42.1 21.8
F NS 32.8 45.7 21.6
Twist on Flexion M NS 40.6 38.3 21.1
F NS 43.0 40.5 16.4
Flexion on R. Bend M P < 0.001 83.6 12.9 3.4
F P < 0.001 78.2 17.3 4.5
Flexion on L. Bend M P < 0.001 75.9 14.3 9.8
F P < 0.001 79.3 12.1 8.6
Twist on R. Bend M P < 0.001 62.4 21.1 16.5
F P < 0.001 70.7 10.3 19.0
Twist on L. Bend M P < 0.001 20.3 60.9 18.8
F P < 0.001 8.6 76.7 14.7
Flexion on R Twist M NS 39.1 39.8 21.1
F P < 0.001 18.1 64.7 17.2
Flexion on L Twist M 0.05>P>0.02 47.4 27.1 25.6
F P < 0.001 54.3 24.1 21.6
Bend on R. Twist M P < 0.001 64.7 30.1 20.3
F 0.01>P>0.001 57.8 27.6 14.7
Bend on L. Twist M P < 0.001 8.3 75.9 15.8
F P < 0.001 12.9 80.2 7.8

The resulfs show a strong coupling of 'opposite’ axial rotation on lateral
bend and vice-versa (ie. when performing the primary movement of right
lateral bend this movement was accompanied by axial rotation to the /eft
etc.). They also show a strong coupling of flexion on lateral bend (even
though subjects were told to make this movement as pure a lateral

movement as possible). In general male and female results were seen to
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be consistent. Exceptions to this were the male group who showed a
strong coupling of right twist on extension and the female group who

showed strong coupling of flexion or right twist. No obvious reason for

this inconsistency was apparent.

2.3.2.1 Relationship between primary and coupled motion

In order to see how the magnitude of the primary movement was related
to the magnitude of the secondary "coupled” movement Pearson
correlation coefficients were calculated (Table 2.11). N.B. Only
movements where either the male or female correlation coefficient was

greater than + 0.5 have been listed.

One entire movement was considered to consist of either flexion +
extension, left + right bend or left + right twist. Therefore, in Table
2.11 where the primary movement is listed as being extension this is

actually only half of the entire movement performed.

(NB. Where both movements being considered are primary ie. flexion and
extension, left and‘ right bend etc. and the correlation coefficient is
positive this implies that an increase in one movement causes an increase
in the other, a negative correlation implies an increase in one movement

is countered by a decrease in the other.

Where the coupled movements are both secondary (ie. arising from the
primary movement) and the correlation is positive this implies that both
movements are in the same relative direction ie. An increased /eft twist is
coupled with an increased /eft bend. Alternatively if the correlation

coefficient is negative it implies that an increased /eft twist is coupled by
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an increased right bend.

TJABLE 2.11

RELATIONSHIP BETWEEN PRIMARY AND COUPLED MOVEMENT

AGE GROUP PRIMARY COUPLED CORRELATION CORRELATION
MOVEMENT MOVEMENTS MALE : FEMALE

20 - 29 EXTENSION BEND/TWIST -0.323 -0.846
30 - 39 -0.397 -0.901
40 - 49 -0.681 -0.861
50 - 59 -0.823 -0.896
50 - 59 FLEXION 0.518 -0.450
50 - 59 FLEXION EXT/BEND 0.504 -0.318
60 - 69 0.521 0.077
20 - 29 R. BEND R & L BEND 0.417 0.810
30 - 39 0.571 0.423
10 - 49 0.590 0.309
50 - 59 0.627 0.277
60 - 69 0.345 0.565
0 - 49 FLEX/TWIST 0.506 0.308
0 - 29 R. TWIST BEND/TWIST 0.309 0.597
R & L TWIST 0.186 0.542
50 - 59 BEND/TWIST 0.449 0.717
50 - 69 R & L TWIST 0.711 0.598
30 - 39 L. TWIST FLEX/BEND 0.517 -0.553
10 - 49 BEND/TWIST -0.666 -0.490

In order to understand Table 2.11 it is useful to consider a couple of

examples. In extension the 30 - 39 year old females show that the

amount of lateral bend and axial rotation accompanying this primary

movement are highly correlated rxy = -0.901. In the male 50 - 59 age

group both 'halves’ of the flexion/extension movement are correlated Fxy

= 0.518 ie. the maximum range of flexion is dependent to some extent

on the range of extension.

The results from the chi-squared analysis and regression analysis indicate
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that although there is a strong coupling of opposite lateral bend on axial
rotation and vice-versa, and that there is a strong coupling of flexion on
lateral bend the magnitude of the coupled movement is not strongly

related to the magnitude of the primary movement.
2.4 DISCUSSION

The concensus of opinion implies that previous episodes of LBP should
be taken into account when determining whether or not a subject should
be included in a "Normal' data group (Burton et a/, 1989), and that ideally
such a person should be excluded. However eighty percent of people will
suffer from some mild form of back pain during their lifetime and most of
their symptoms resolve quickly without treatment. Movement seems not

to be affected in the long term.

A change in range of movement related to age and sex has been
observed by many. Moll and Wright (1971) using a skin distraction
method observed males to have a greater range.of movement in both
flexion and extension but females were observed to have a greater range
of lateral flexion than their male c¢ounterparts. However a study by
Burton and Tilotson (1991), which used a flexicurve technique to give
angular measures of maximal sagittal mobility, observed males to have

greater mobility in flexion only.

In a study by Sturrock et a/ (1973) total range of spinal mobility in flexion
and extension was monitored in both normals .and patients with
ankylosing spondylitis using the Dunham spondylometer. The results
showed, in the normal population, a decrease in mobility in all parameters

of sagittal spinal mobility with increasing age. It also showed that the

28




range of extension in females was greater than males in the 25 - 34 age
group (mean difference = 9.9°) whilst the range of flexion in males
remained greater than that for females up to the fourth decade. In the
65+ age group females had slightly more movement in both directions

compared to their male counterparts.

In comparison, results from this study showed male flexion to be greater
than that for females in the 20 - 29 and 40 - 49 age groups, whilst
extension was only observed to be significantly greater for females in the

60 - 69 age group.

Possible explanations for differences in results obtained for maximum
range of movement by PR and RH are that either the groups tested by RH
and PR were significantly different in height, weight or other factors that
would affect spinal motion, or that the groups tested by PR put more

effort into performing the movements.

Since RH did not keep a record of the height and weight of many of the
subjects he tested, these variables could not be taken into account when

comparing PR and RH subject groups.

One notable factor is that whilst RH did not show significantly different
sensor-source distances between corresponding male and female groups
the results obtained by PR showed fhe distance between sensor and
source for the female groups tested to be significantly smaller than that
of their male counterparts. The difference between males and females
might initially be thdught to be due to a difference in height between the
sexes. In Grays anatomy it states that the female vertebral column length

is an average of 10cm less than that in the male (vertebral column length
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in the male = 70cm, average lumbar column length = 18cm, sacrum
and coccyx length = 12 cm). This would mean that the 20 - 29 male age
group tested by RH were either below average height or that RH

consistently placed the sensor at a level lower than the L1 vertebra (RH

sensor - source distance = 11.7 = 1.8cm).

When analysing the differences in overall height between males and
females tested by PR in corresponding age groups no significant
differences were fou‘nd, and so the difference is not likely to be primarily
due to height difference. When analysing sensor-source distances related
to overall height the two were not highly correlated. It is possible that
the difference in sensor-source distances between males and females
could be partly due to the fact that the females tested may have had a

greater lumbar lordosis than the males.

The questioh as to whether females do have significantly different
degrees of lumbar Ibrdosis is not fﬁlly resolved. Grays Anatomy states
that the lumbar curQe is more pronounced in the female than in the rﬁale,
but in a study by Torgerson and Dorrer {(1976), no significant variation in
the mean lordotic aﬁgle between men and women was found. Stagnara
et al (1982), on physical examination found an increased lordosis in

women but this was attributed to a greater curve of their buttocks.

In a study by Fernafd and Fox (1985), 973 subjects were monitored and
categorised according to age. In the 17 - 29 age group males were found
to have a mean lordotic angle of 27.24° as opposed to 34.02° in the
female group. Males and females in the 30 - 39 group did not have
significantly differept lordotic angles although in the older 40 + age

groups females had an average increased lordosis of 59 compared with

30




the male subjects.

If, as suggested by Fernard and Fox's study and Grays Anatomy, women
do exhibit a greater lordosis than men, this would, at least in part,
explain why the sensor to source distance in males was greater than that
in the females and may help in explaining some of the differences
obtained in the range of movements obtained in the two sexes. It would
not explain why RH's sensor-source distance for males and females was
not significantly different (which is more in agreement with Torgerson

and Dorrer’s findings).

This study has shown that males in the younger, ie. 20 - 49, age groups
have a greater range of flexion than their female counterparts although
there were no significant differences observed between the older groups.
This finding is in agreement with the results of a study by Burton and
Tilotson (1991) and also with Batti'e et a/ (1987) who observed sagittal
mobility to decrease with age for both males and females although

flexion was seen to fall less rapidly for females.

This study has also shown that lumbar lateral mobility decreases with
age for both males and females, which is in agreement with the findings
of Troup et a/ (1968). Lateral bending has been shown to be generally
greater in females than in males, Which is in agreement with the findings

of Moll et a/ (1972).

In Hindle's study (1989), he observed that there was a slight increase in
flexion with age in the female groups tested, the correlation between age
and change in flexion however was poor and although Hindle explains

this finding in terms ojf an increased lumbar lordosis with age he gives no
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evidence to support this. A recent study by Carr et a/ (1991), using the
ISIS scanning technique to analyse back shape changes in 271 children
aged 10 - 16 and in. 72 adults aged 21 - 56, showed no difference in the
degree of lumbar lofdosis in the older female child ie. 14 - 16 years and
female adult groups monitored. This study therefore implies that there is
no overall change m adult lumbar lordosis with age. Individual lordotic
angles could however change due to postural changes, weight gain or
loss, and as clinical findings have shown, perpetual wearing of high heels
(Opila et a/, 1988) can result in hyperlordosis possibly due to changes in

muscle tone due to altered pelvic inclination.

The results from this study showed a slight decrease in female flexion
with age although once again the correlation between age and flexion

was poor.

Large variations within groups were observed so that a more mobile
person in their sixties could have as great a range of movement as a
person in their twenties. This large spread in range of movement in the
normal lumbar spine has led researchers to question the usefulness of
lumbar bending films in ascertaining the extent of "normality” (Hayes et

al, 1989; Penning et a/, 1984).

The large variations. in range of motion within age groups have been
noted previously (Moll et a/, 1972). Possible reasons why they may have

occurred using this method of measurement include :-
(a) Weight - People who were heavier could be expected to have greater

skin movement which would affect the readings obtained by causing the

sensor to move a greater distance relative to the underlying vertebra.
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When correlating weight and range of movement however no statistical

significance was seen.

(b) Height - Batti'e et a/ (1987) have previously shown range of
movement to be not only affected by age and sex, but also by height,
weight and the ratio of standing to sitting height. Burton however could

find no correlation between sagittal mobility and trunk length.

(c) Time of day at which readings were obtained - It is possible that
range of motion may depend on the time of day when measurements
were obtained with subjects being stiffer or more flexible in the morning
than at night. This study did not take account of the time of day when
subjects were monitored (all subjects were monitored between 9.00am
and 8.00pm) and consequently some of the variation in movement could

be due to time of day when tested.

(d) Although subjects were asked to confirm that to the best of their
knowledge they had no diseases known to affect the spine it is possible
that some of those tested were not radiologically "normal". Indeed
conditions such as spondylolysis and spondylolisthesis do not necessarily
produce symptoms (Libson et a/, 1982; Magora and Schwartz, 1980) and
most people develop non-symptomatic degenerative changes as they get
older. Since X-raysiwere not obtained for any of those subjects tested

this could be a large source of error in this study.

(e) Although the sensor was assumed to lie over the L1 spinous process,
and whilst every effort was made to ensure that this was actually the
case, there is the possibility of the sensor being misplaced by one

vertebral level which could significantly alter the readings obtained.
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The resuits obtained for the maximum ranges of motion using this system
are considerably higher than the actual range of motion obtainable in the
lumbar spine. The primary reason for this is due to skin movement
causing the sensor to move relative to the underlying vertebra. Although
readings are high, this system enables the observation of how spinal
kinematics alter with age and sex (assuming that the errors induced by
skin movement were approximately of the same order of magnitude for

each group studied).

When looking at the movement of the spine in three-dimensions it is
interesting to note that in general the younger age groups have a greater
degree of coupling than the older groups. This is most likely to be due to
the younger subjects putting more effort into performing movements and
exceeding the natural limit of motion in the plane in which they were

asked to move.

Of particular interest is the fact that lateral bend has been shown to be
coupled with axial rotation and vice-versa, and that there is also a strong

coupling of flexion on lateral bend.

As previously mentioned if the facet joints are symmetrical, which they
should be in the normal spine, moVements of flexion and extension,
within the physiological range, should be unaccompanied by any lateral

or rotational movement which was indeed shown by this study.

This section of the study has shown that the lIsotrak system of
measurement shows coupled movement patterns to exist that would be

expected in the normal spine.
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CHAPTER 3

VARIATION IN LUMBAR SPINE MOBILITY
MEASURED OVER A 24 HOUR PERIOD

3.1 INTRODUCTION

As the study in Chapter 2 has shown there are a number of phenoména
which should be taken into account when compiling a data base of the
normal range of motion in the lumbar spine. One of these factors is the

possible effect that might occur due to the time of day when measured.

Circadian variation of a number of physiological phenomena has been
observed with great interest by researchers over the years and circadian
variation in stature has been reported by many. In a study in which eight
male volunteers were monitored over a 24 hour period Reilly et a/ {(1984)
found 71% of total height gain occurred during the initial 3.75 hours
Arecumbent, and 80% of the total height loss occurred after 3 hours
upright. Height loss continued throughout the 16.5 hours spent upright.
Similar findings have been reported by others (Kramer and Gritz, 1980:

Bishop, 1852).

In a study conducted by Depuky (1935) in which 1217 subjects, aged 5 -
90 years, were monitored, it was noted that the greatest diurnal change
was observed in those aged between 10 - 20 years and least in those
over 50. It was seen that height change was closely correlated to the
ratio of disc height to vertebral body height which was interpreted as
implying that diurnal height changes were related to fluctuation of water

content in the intervertebral discs.
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The reason for stature loss is attributed primarily to the decrease in
height of the intervertebral disc due to fluid loss and also to creep
deformation of the annulus fibrosus (Koeller et a/, 1984). Koller et al
(1981) stated that fluid is expelled from the intervertebral disc whenever
the compressive load exceeds the interstitial osmotic pressure. When
changing from a supine to standing position Nachemson and Elfstrom

(1970) have shown that pressure on the third lumbar disc can increase

approximately three fold.

When supine the discs are only lightly loaded and swell due to the
decrease in pressure éxerted on them. On rising, the fluid content of the
disc will be at its highest and during the day, when the loading on the
disc is higher, expulsion of fluid will occur. This will be greatest during

the first few hours after rising (Adams and Hutton, 1983).

Adams et a/ (1987) measured the range of flexion of 21 volunteers in the
early morning and in the afternoon. They found the range of movement
increased by 5° during the day and in conjunction with tests carried out
on cadaveric spines loaded to simulate the activities of a normal day,
concluded that creep loading reduced the spines resistance to bending
and increased the range of lumbar flexion. They also concluded that the
back muscles did not fully compensate for the increased fluid content of
the disc by restricting the range of flexion movement and hence did not

fully protect the disc and ligaments from increased stress.

There does therefore, appear to be a correlation between stature change

and change in the range of spinal movement in flexion at least.

The aim of this study was to measure the lumbar spinal movements in
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flexion, extension, lateral bend and axial rotation in groups of "normal”
volunteers, to determine whether or not any variation due to stature loss

could be detected.

3.2 MATERIALS AND METHODS

Some of the raw data for this study were obtained from a project
conducted by a final year student in the Engineering department (Weld,
1990). Two studies were undertaken. The first examined the movements
of a group of normal volunteers immediately before they retired to bed
for the night and again immediately on rising in the morning. This study
was conducted in order to establish whether a change in mobility could
be detected. Following this a second study examined the movements: of
another group of volunteers at two hourly intervals throughout a twenty
four hour period. This was conducted in order to characterise the pattern

and time at which changes occurred during this period.

The volunteers tested had never experienced back problems requiring
medical attention (Mean age of volunteers = 20 sd = + 1). All were

students at Durham University.

Measurements were made using the Polhemus Navigation Sciences

3SPACE Isotrak system using the method described in Chapter 1.

Volunteers who were tested every 2 hours over the 24 hour period
remained recumbent between assessments obtained during the night and
went about their normal activities of daily living between readings
obtained during the day. A record was kept of any activities which

possibly might have affected subsequent readings.

37




3.3 ANALYSIS OF DATA

Significance was calculated using the paired 't' test at the 95% level.

Flexion and extension were treated as separate movements whilst for
bending and twisting the movements to the left and right were summed
to give one value as previous studies by Hindle et a/ (1990) and results
from Chapter 2 in this study have shown there to be no significant

difference between movements to the left and right.

3.4 RESULTS

3.4.1 Pre- and Post-sleep study

Male and female subjects were initially treated as two separate
groups in order to determine common or distinct trends between them.
Four males and six females were tested. The mean maximum
measurements obtained from movements for males and females are
summarised in Table 3.1. Due to the relatively small numbers in each
group it was not considered relevant to perform detailed statistical

analysis separately on the groups.

Combining the resuits for males and females and applying paired t-test
statistics showed flexion pre-sleep to be significantly greater than post-
sleep (P < 0.04) with an average difference of 9.4 degrees between the
two (SD = 12.5). Extension pre-sleep was also found to be significantly
greatér than that post-sieep (P < 0.02) with an average difference of 6.2
degrees between the two readings (SD = 7.0). The average difference
between pre- and post-sleep values for lateral bend was 8.6 degrees (SD

= 6) with pre-sieep results again being significantly higher than post-
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sleep results (P < 0.004).

TJABLE 3.1

AVERAGE MAXIMUM MOVEMENT OBTAINED FOR MALES AND
FEMALES TESTED PRE - / POST - SLEEP

PRE-SLEEP . POST-SLEEP
‘ MEAN SD MEAN  SD
MALE © (°) () ©
FLEXION 69.8  10.0 55.2 6.0
EXTENSION 31.2 110 221 44
LATERAL BEND 51.7 11.6 41.8 5.9
AXIAL ROTATION 239 3.1 21.8  10.9
FEMALE
FLEXION 67.2 12.5 61.3 10.4
EXTENSION 30.6 9.9 26.4 7.6
LATERAL BEND 51.9  10.8 444 7.7
AXIAL ROTATION 34.2  10.1 33.6 17.9
MALE + FEMALE
FLEXION® | 68.3  11.1 58.9 9.1
EXTENSION® 30.8 9.8 247 6.6
LATERAL BEND 51.8  10.5 43.2 6.7
AXIAL ROTATION 29.7 9.2 28.4 15.6

* Significant difference between pre- and post-sleep values.
N.B. Statistical analysis was applied only to the Male + Female group as

individual groups did not consist of sufficient numbers to make detailed
statistical analysis valid.

When applying paired t-test statistics to the results for axial rotation the
pre-sleep and post-sleep values were not seen to alter si'gnificantly, mean

difference = 1.3 degrees (SD = 12.8).

A decrease in flexion was observed in eight out of the 10 subjects tested
with two subjects showing slight increases in movement. Nine subjects
had decreases in extension and lateral bend and only five showed

decreases in axial rotation.
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3.4.2 Variation over 24 hour period

Six male and four female subjects were tested in this group, (Mean age
=20 £ 1). Individuai measurements were compared by the time of day
at which they were téken and not relative to the time after waking as
readings were not always obtained immediately after the subjects left
their beds. Data were analysed in this manner because as Adams et a/
(1987) have previouély shown, measurements not taken immediately
after waking tend to affect the results unless compensation is made.
Subjects did not all start the tests at the same time of day. Some started
in the morning and others in the afternoon. This was for organisational

reasons and was not considered likely to affect the results.

Measurement number one was taken to be that recorded between 08:00
- 09:30 and subsequent readings were taken at 2-hourly intervals.
Flexion and extension movements were again treated separately. Lateral

bend and axial rotation were however treated as the sum of left and right

movements.

It is known that vafiation in the range in movement of people with
"normal” backs is large (Adams et a/, 1988). In order to normalise the
data and to allow fof easy comparisons between subjects, the results
were plotted as the mean maximum deviation from the result obtained at
04.00 - 05.30. The reason for comparing measurements relative to this
time was that all subjects had by this time been lying supine for a
minimum of 4 hours {:md the effect due to swelling of the intervertebral

discs could be assumed to be comparable between subjects.
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Figure 3.1 shows the mean change in movement for all subjects relative
to the value obtained between 04:00 - 05:30. Table 3.2 shows the mean
maximum ranges of movement obtained at each time interval during the
test period for males and females. The results obtained between 08:00 -
03:30 on day 2 have not been shown on figure 3.1 as only 4 males were

tested at this time out of the 10 subjects.

Although values in Table 3.2 for readings obtained between 08:00 -
09:30 on day 1 and 08:00 - 09:30 on day 2 might be expected to be
highly correlated as the results were obtained at the same time of day,
the fact that they are not might be explained by the fact that on day 1 all
6 males were tested between 08:00 - 09:30, 5 of whom had been up for
periods of between 10 minutes to 1 hour prior to testing, and on day 2
only 4 were tested, 3 of whom had been supine immediately prior to

testing.

Between individual subjects there was a wide variation in the range of
movement obtained at any one time, this can be seen from the

magnitude of the standard deviations in Table 3.2.
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TJABLE 3.2

AVERAGE MAXIMUM MOVEMENT MEASURED AT TWO
HOURLY TIME INTERVALS OVER A 24 HOUR PERIOD

TIME FLEXION EXTENSION LATERAL AXIAL
INTERVAL ‘ BEND ROTATION

MALE
08.00 - 09.30 . 6711 . 27 + 20 48 + 8 26 £ 6
10.00- 11.30 63 £ 11 26 = 6 47 + 9 23 =7
12.00 - 13.30 63 + 9 25+ 1 46 + 7 23 + 5
14.00 - 15.30 67 £ 9 26 + 8 46 =+ 8 26 + 8
16.00 - 17.30 73+ 12 23 + 8 47 + 9 25+ 8
18.00 - 18.30 72 £ 20 22 + 8 47 + 10 21 + 8
20.00 - 21.30 69 + 12 28 £ 9 47 = 7 236
22.00 - 23.30 66 + 12 19+ 9 47 + 9 27 £ 9
00.00 - 01.30 63 =+ 16 21 + 6 46 = 11 22 + 8
02.00 - 03.30 59 + 11 18 + 8 42 + 10 22 + 6
04.00 - 05.30 61 = 10 22 + 10 43+ 9 23+ 6
06.00 - 07.30 60 + 11 17+ 6 40 = N1 23+ 6
08.00 - 09.30 65 + 15 12 £ 11 40 = 12 21 = 8

FEMALE
08.00 - 09.30 51 + 8 14 + 20 42 + 8 20+ 9
10.00-11.30 53+ 7 22 + 6 50+ 9 24 + 6
12.00-13.30 52 + 10 24 + 11 48 + 7 25 + 12
14.00 - 15.30 49 + 14 21 =+ 8 47 + 8 25 + 15
16.00- 17.30 52 + 14 23 + 8 50+ 9 21 =+ 8
18.00 - 19.30 49 + 10 23 + 9 49 + 10 23+ 8
20.00 - 21.30 47 = 12 16+ 9 49 + 7 25 = 6
22.00 - 23.30 47 + 6 19+ 9 48 + 9 20+ 8
00.00 - 01.30 48 + 3 24 + 6 51 = 11 20 £ 10
02.00 - 03.30 50+ & 19 £ 7 46 + 10 20 = 13
04.00 - 05.30 45 + 12 15 £ 10 41 + 9 18 + 10
06.00 - 07.30 51 =+ 11 18+ 6 46 + 11 21 + 13
08.00 - 08.30 No readings obtained

MALE + FEMALE .
08.00 - 09.30 61 + 8 22 + 17 46 + 8 24 + 7
10.00 - 11.30 59 + 7 24 + 11 48 + 8 24 £ 6
12.00 - 13.30 59 + 10, 25 £ 11 47 + 9 24 + 5
14.00 - 15.30 ‘ 60 + 14 24 + 8 46 + 11, 26 =+ 7
16.00-17.30 65 x 14 23 + 8 49 + 8, 23 £ 6
18.00 - 19.30 62 £ 10, 22 + 9 48+ 9, ' 22zx7
20.00 - 21.30 60 + 12 21 + 9 48 + 6, 24 £ 5
22.00 - 23.30 58 + 6 19+ 6 48 + 8 24 + 8
00.00 - 01.30 57 £ 3 22+ 9 48 £ 11 21 £ 6
02.00 - 03.30 55 + § 18 + 8 44 + 11 21 £ 5
04.00 - 05.30 55 + 12 19+ 9 42 + 9 21 £ 6
06.00 - 07.30 57 + 1 17+ 5 43 + 12 22 + 5
08.00 - 09.30 65 + 15 12 + 11 40 + 12 21+ 8

* Significant difference from reading obtained between 04.00 and 05.30.

N.B. All measurements in degrees. Statistical analysis only applied to the Male + Female group as individual
groups were too small for detailed statistical methods to be valid.
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3.5 DISCUSSION

Hindle (1889) previously examined the day-to-day variation of the ability
of an individual to perform a given movement. In his study two subjects
were asked to perform the movements of flexion and extension, lateral
bend and axial rotation (both to the left and right sides). Each test took
place at the same time of day in order to eliminate diurnal effects. The
results of these tests showed a standard deviation about the mean for
flexion and extension to be approximately 5 degrees (range 2.4 - 7.8),
the values for lateral bend and axial rotation were 1.6 degrees (range 1.2
- 1.9) and 2.4 degrees (range 2.1 - 2.8) respectively. Obviously this
margin of error had to be allowed in all repeat tests on individuals when

determining whether or not changes were significant.

The results obtained from pre-/post-sleep data showed a significant
overall decrease in flexion,.extension, and lateral bend post-sieep but did

not indicate any significant changes in axial rotation (Table 3.2).

The reason that all subjects did not show similar reductions in movement
is not known as all Subjects had comparable periods of sleep and were all
of a similar age group. In order to determine why this should have
occurred and why the standard deviation between result's for flexion was
comparatively large compared with the results obtained by Adams et a/
(1987), further and more rigourously controlled tests would need to be
conducted ensuring that subjects activities were more tightly controlled
and of a similar nature. They would also require subjects to be tested
immediately after waking and require subjects to remain supine for similar

periods.
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The fact that no overall change in axial rotation was observed may be
due, in part, to the fact that the total range of movement in this plane is
small and therefore any changes observed would be small. Any changes
may therefore have been obscured by errors introduced by skin or soft
tissue movement or by errors introduced by the observer when replacing

the sensor on the skin.

As previously stated maximal values obtained using the Isotrak system
give higher values fhan those expected from radiographic techniques.
Repeated tests on an individual should however incorporate errors due to
soft tissue and skin movement as a standard error and relative changes

between movements should give "true” readings.

Results obtained from the 24 hour study showed the movements of
flexion, lateral bend and axial rotation to be significantly greater in the

afternoon than those measured between the hours of 02:00 - 07:30.

The fact that the range of flexion was at a minimum in the early hours
of the morning is likely to have been due mainly to the fact that whilst
lying supine the unloaded disc would have become swollen due to the
imbibition of water. In this state the disc becomes less easy to compress

causing movement to require more effort (Adams et a/, 1987).

When the disc is in this state it is likely to subject the spinal ligaments
and itself to greater stresses. Any movement designed to stretch the
ligaments such as flexion, extension, lateral bend and axial rotation
would be likely to create additional stress causing movements to require

more effort and increase the risk of injury to the lumbar spine.
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In tests conducted on cadaveric motion segments Adams et a/ (1988)
have shown that creep loading reduces a discs resistance to backward
bending by about 40% which it is suggested is balanced by increased
resistance from the apophysial joints and spinous processes so that the
resistance to backward bending of the motion segment and the range of
movement remain unaltered by creep loading. This.appears to be the
case from this study which showed no overall change in the range of
extension measured over the 24 hour period.

The range in lateral bend was also minimal during the early hours of the
morning, with the stresses on the ligaments and the discs being maximal
at this time. The range was again greatest during the afternoon. The
reason for a decrease in lateral bend occurring slightly later during the
day is difficult to determine as the activities of subjects were not tightly
controlied. However this may be due to the fact that subjects tended to
be more active in the morning than the afternoon. The first 2 - 3 hours in
the morning when activity was greatest might therefore be expected to
correlate with the greatest fluid loss from the disc which would cause the
apophysial joints to éome into closer contact and increase their loading.
The joints would have a higher bending stiffness and strongly resist
lateral bending movements. During the afternoon when the activities of
the subjects were more sedentary with the majority gither sitting in
comfortable chairs or lying down for short periods of time, the intake of
fluid to the disc would cause the apophysial joints not to be so highly

compressed enabling lateral bending movements to be carried out more

easily.
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3.6 CONCLUSION

Pre-/post sleep results showed reductions in the range of maximal

movements after sleep for all movements other than axial rotation.

The general pattern over the 24 hour period indicated that there was a
change in maximal movement obtained which depended on the time of
day when tested. The range of movement reached a peak during the

afternoon and the subject was generally less mobile in the early hours of

the morning.

In order to separate the effects of loading and circadian factors it was
obvious that further work was required in which the activities of all

subjects taking part were more closely controlled. This work provides the

basis of Chapter 5.
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CHAPTER 4

ASSESSMENT OF WHY RANGE OF MOVEMENT MEASURED USING THE

ISOTRAK IS HIGHER THAN WOULD NORMALLY BE EXPECTED

4.1 INTRODUCTION

One major criticism of the use of the Isotrak system in measuring lumbar
spine movement is that values obtained for maximum ranges of
movement are generally much higher than those obtained using

radiographic techniques.

The lIsotrak itself records movement changes accurately to within 1
degree and therefore any errors introduced must be due to skin and soft
tissue movement relative to the underlying vertebra and not the Isotrak
system itself. Errors may have been introduced in the previous studies
recorded in Chapters 2 and 3 by allowing subjects to wear loose fitting
trousers or skirts and placing the source over the top of this clothing.
The reason for conducting tests in this way was that some subjects were
reluctant to be tested in their underwear. Also, areas where subjects
were tested were not always suitable for them to be tested in this

manner.

The source and clothing had previously been assumed to move with the
underlying saérum, due to the fact that clothing was loose and the
source fitted tightly to the subject. It may be possible however that some
movement of source and clothing relative to the skin took place and that

this in turn introduced errors in the results obtained.
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In order to investigate where the main sources of error occurred, aﬁd the
extent of the errors, two short studies were conducted. The first involved
testing a group of 22 "normal” subjects (11 males, 11 females) with the
sensor positioned over the T12, L1, L2 and L3 vertebral levels
réspectively. This was conducted in order to determine how the
intersegmental range of movement compared with. values previously
obtained by other researchers, using recognised techniques, and, to give
a measure of the amount of variation which may have been introduced in
the studies conducted in Chapters 2 and 3, caused by possible sensor

misplacement.

If intersegmental values were found to differ significantly from values
obtained by other researchers the extent of the error introduced by skin
movement could be deduced, if no significant differences were seen to

occur the errors would have to be attributed to some other source.

The second test conducted invoived monitoring 3 subjects, who were
tested whilst wearing different types of clothing. This was done in order
to try to ascertain 'the effect of different types of clothing on the
maximum readings of flexion, extension, lateral bend and axial rotation
values obtained. Subjects were tested in their underwear, in loose fitting

trousers or skirt and in tighter clothing eg. jeans.

4.2 METHOD
4.2.1 Intersegmental motion

During the tests the source remained in the same position with only the
sensor position being aitered. The method used was essentially that

described in Chapter 1 with subjects being asked to repeat the
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movements of flexion, extension, lateral bend and axial rotation twice
before moving the sensor to the next spinous process. Subject details
have been given in Table 4.1. All subjects tested were fairly slim and

their individual spinous processes easily identifiable.

TABLE 4.1
SUBJECT DETAILS

DETAILS MALE FEMALE
AGE (yrs)(MEAN = S.D.) 39.9 + 10.0 33.6 + 10.9
HEIGHT (m)(" " " ) 1.77 + 0.05 1.63 = 0.09
MASS (kg)(" " ") 75.3 + 9.7 58.1 + 9.8

Subjects were first tested with the sensor positioned over T12 after
which it was moved to each successive vertebra until all movements had
been performed at L3. Subjects were then retested with the sensor at
T12 in order to determine any errors due to fatigue. Since subjects had
already limbered up before beginning tests an effect due to warming up

was considered to be negligible.

4.2.2 Effect of clothing on readings obtained

Readings were obtained with the sensor positioned over L1 and the
source positioned so it lay over the sacrum for each test. Between tests
the sensor was left in position and the source was positioned over the
different types of clothing, trying to ensure that the sensor - source
distance remained constant. Three female subjects, mean age 26 + 1

years, height 1.68 + 0.05 m, weight 65.1 + 9.5 kg were tested.
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TABLE 4.3

Effect of clothing on primary movements

TYPE OF CLOTHING

MOVEMENT UNDERWEAR LOOSE TIGHT

CLOTHING CLOTHING
EXTENSION 41.0 £ 7.0 39.7 + 5.5 36.3 + 5.9
FLEXION 92.0 + 7.9 83.7 + 9.5 87.3 + 9.3
EXT + FLEX 132.3 + 11.0 123.0 + 13.2 123.7 + 7.8
R. LAT BEND 39.3 + 2.9+ 38.7 £+ 5.5 34.3 + 3.1
L. LAT BEND 39.3 + 4.0 35.0 + 4.0 35.3 + 7.6
L + R BEND 78.7 + 6.0+ 747 + 9.7 69.7 + 8.3
R. ROTATION 29.6 + 5.5 25.7 + 2.3 25.7 + 2.1
L. ROTATION 32.3 + 3.2% 27.3 + 2.1 267 £ 1.2
L + R ROT. 62.0 + 2.0% 53.3 + 1.5 52.3 + 1.5+

N.B. *: Significant difference between underwear and loose clothing
results; +: Significant difference between underwear and tight clothing

results.
4.4 DISCUSSION

A number of studies have involved monitoring lumbar intersegmental
spiyne motion. Amongst the more recent ones are those of Dvorak et af
(1991), Pearcy (1985) and Yamamoto et a/ (1989). Ip Dvorak et al's
(1991) study mobility of the lumbar spine in flexion-extension and lateral
bend was assessed radiographically using CAM and GCM measurement
techniques. Subjects monitored had no previous episodes of LBP and
were radiologically' normal. Results from Dvoraks study yielded flexion-
extension and lateral bending values higher than those previously
obtained by other researchers (Pearcy, 1985; Yamamoto et a/, 1989) and

the primary reason for this was attributed to the fact that previous
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studies had used active and not passive motion as used in their study.

Pearcys study involved using stereo radiography to monitor 11 subjects
in flexion and extension and 10 subjects in lateral bending, whilst
Yamamoto et a/ conducted an in vitro study on ten cadaveric lumbar
spines using stereophotogrammetry to monitor the relative motion of

markers fixed at each vertebral level.

A comparison of the results obtained from the present study, using the
Isotrak system and the results obtained from a number of other studies

are summarised in Table 4.4:

TABLE 4.4

A COMPARISON OF THE RANGE OF INTERSEGMENTAL MOVEMENT MEASURED IN
THE SAGITTAL AND LATERAL PLANES USING DIFFERENT METHODS

Flexion - Extension Level Mean std min . max
Dvorak et a/, 1991 L1-2 11.9 2.27 8.6 17.9
Pearcy, 1985 13 5 6 20
Yamamoto, 1989 10.1

This study 12.0 7.7 2.3 25.6
Dvorak et a/, 1991 L2-3 14.5 2.29 9.5 19.1
Pearcy, 1985 14 2 10 16
Yamamoto, 1989 10.8

This study 14.9 8.6 3.5 29.1
Lateral Bend Level Mean std min max
Dvorak et a/, 1991 L1-2 10.4 2.71 4.4 16.9
Pearcy, 1985 10 2 7 15
Yamamoto, 1989 4.9

This study 10.0 4.2 2.5 16.2
Dvorak et a/, 1991 L2-3 12.4 3.38 3.2 21.2
Pearcy, 1985 11 4 7 18
Yamamoto, 1989 7.0

This study 9.1 6.0 2.5 241

53



The studies given in Table 4.4 used quite different methods for
measuring intersegmental motion. Even so, the mean values obtained
from all the studies were not in fact very different. The present study
would have incorporated errors due to skin and soft tissue movement
relative to the underlying vertebrae but even so the average values
obtained for the intersegmental ranges of motion at the L1 - 2 and L2 - 3
levels were not significantly different from those obtained by the other

methods given.

Values obtained for axial rotation, were not given in Table 4.4 as they
were the most unreliable of the readings obtained. Comparing them with
values of between 1 - 2.6° given by other researchers confirms the
observation of the sensor moving with the skin relative to the underlying

vertebra by a relatively large distance.

As previously mentioned all volunteers were fairly slim, and their spinous
processes easily identifiable. However, the ranges of motion obtained
and hence standard deviations were in general much greater than in
previous studies, with the most consistent results being obtained for
lateral bending. Since volunteers were 'hand picked' it is likely that the
errors introduced in a 'normal' population would be much greater than
those obtained from this study as the variation in weight would be
greater and the ability to find the spinous process and place the sensor

centrally over it, would be much harder.

' This section of the study has shown the type of errors that could be
obtained by misplacing the sensor at a level higher or lower than that of
L1. In subjects whose spinous processes are not easily identifiable this

error may be increased or decreased depending on the amount the sensor
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has been misplaced by.

In a study by Hindle (1989), in which the Isotrak system was used, he
identified the L1 spinous process and marked distances 1 and 2 cm
above and below it. By measuring two subjects he found that the amount
of variation was between 1.52 and 18.51° for the movement of flexion
+ extension when the sensor was misplaced by 2cm and 3.46 - 12.9°
when it was misplaced by 1 cm. The movement of lateral bending gave
ranges of 7.21 - 10.61° for misplacement by 2 cm and 1.37 - 2.49° for

misplacement by 1 cm.

Values obtained from Hindles study, and this study must be allowed for
when looking at any population study in which range of motion using this
measurement system is used. The large spread in range of motion
obtained for the 'normal’ range of motion study conducted in Chapter 2
may, as previously stated, be due partly to misplacement of the sensor in

individual cases.

The second study conducted in which the effect of clothing was looked
at showed that there were only small differences in range of movement
depending on whether subjects wore loose fitting clothing or were tested
in their underwear. The only movement where a signifigant change was
observed was that of axial rotation, which, due to the relatively large
errors introduced by skin and soft tissue movement makes it of

questionable value for measurement purposes anyway.
A difference in range of movement was observed when subjects wore

tight clothing compared with underwear. The most likely reason for this

being that the tight clothing hindered the subjects attempts to move
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laterally as far as they would otherwise have been able to move. From
this study it would appear that a subject may be tested in either their
underwear or loose clothing without any significant difference to the
overall readings being obtained, as long as the source is placed securely

in position.

The readings obtained from both the studies gave values for total lumbar
spinal movement larger than would be expected from other techniques
where skin and soft tissue involvement was not a problem, and the
results from the first study would imply that these errors occur mainly in

the sacral area.
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CHAPTER 5

MEASUREMENT OF RANGE AND COUPLED MOVEMENT MEASURED

OVER A 12 HOUR PERIOD IN 'NORMAL' SUBJECTS

5.1 INTRODUCTION

The results from Chapter 3 imply that we might expect to observe a _
change in the range of motion in subjects, depending-on the time of day
when measured. Whether or not the change observed was mainly due to
the effects of loading on the spine or due to a circadian effect or a
combination of the two could not be assessed from that Chapter. This
was due primarily to the fact that subjects movements were not
restricted during the day and there were therefore too many variables to

take into consideration.

The aim of this study was to restrict subjects activities in order to
determine whether the change in motion range observed was due

primarily to loading or to other influences.
5.2 METHOD

Seven subjects were monitored in this study none of whom suffered from
any lumbar spine problems. Subjects were monitored every two hours
over a 12 hour time period. The first readings were taken between 07:00
- 07:30. Between tests subjects remained supine, except when they ate
or drank, when they were allowed to sit in a semi-upright position for a
short period of time (max. period of 15 minutes). Before each test
subjects were required to have been supine for a minimum period of 1
hour, and were therefore not allowed to eat or drink anything in this

period. Four subjects were monitored approximately half an hour after
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the final test when they had been standing rather than lying down.

Subjects were monitored using the method given in Chapter 1. To ensure
accurate repositioning of both the source and the sensor their skin was
marked . with indelible ink at these positions. Four males and 3 females

were monitored. Age range was 19 - 27 (mean: 23.1 + 2.8).

5.3 ANALYSIS OF DATA

-

Significance was calculated by using paired 't' test statistics.
5.4 RESULTS

Due to the small size of the group tested male and female subject results
were combined and not looked at separately. The mean maximum results

obtained at each two hourly interval have been given in Table 5.1.

TABLE 5.1

AVERAGE MAXIMUM MOVEMENT MEASURED AT TWO HOURLY TIME
INTERVALS OVER A 12 HOUR PERIOD

TIME FLEXION EXTENSION LATERAL AXIAL
INTERVAL BEND ROT.
07:00 - 07:30 55 + 4 18+ 10 426 23 + 11
09:00 - 09:30 59 £+ 10 24 + 13 41 = 7 23 £ 10
11:00 - 11:30 54 + 11 19 =+ 8 41 £+ 14 23 + 10
13:00 - 13:30 49 £ 7 19 £ 6 39 £ 9 30 £ 11
15:00 - 15:30 57 £+ 13 20+ 8 39 £ 7 24 + 10
17:00-17:30 = 563 7 21 £ 6 37 £ 8 24 £ 9
19:00 - 19:30 54 + 12 17 £ 8 35 + 7% 25 + 9

** 21:00 - 21:30 62 + 4 19 + 2 39 =+ 5% 27 + 10

N.B. All measurements are mean = s.d. (degrees)
* Significant difference from reading obtained between 07:00 and 07:30.
®* Only 4 out of 7 subjects monitored
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Disease duration was a difficult parameter to estimate as patients often
had the symptoms of the disease years before they were diagnosed by
their local GP or consultant. Details of disease duration and time since
'official diagnosis' were known for only 97 of those patients tested.

Details for these patients have been given in Table 6.2.

TABLE 6.2

DETAILS FOR PATIENTS FOR WHOM BOTH DISEASE DIAGNOSIS AND TIME SINCE
INITIAL SYMPTOMS WERE OBSERVED WERE KNOWN

MALE
DETAILS 16 - 29 | 30 - 39 40 - 49 50 - 59 60 - 69
NO. IN GROUP 12 23 17 13 6
NO. OF YEARS (5.8 *+ 3.1{13.7 * 7.2(21.1 + 6.5|21.9 + 12.6(29.5 + 11
SINCE ONSET '
NO. OF YEARS (2.9 #+ 2.6| 7.3 + 5.2(12.0 + 8.0/10.0 * 11.5[15.1 + 13.
SINCE DIAG.
HEIGHT (m) 1.78 + 1.75 = 1.70 # 1.70 + | 1.68 #
0.09 0.07 0.09 0.11 0.06
MASS (kg) |71.2 % 68.2 68.9 + 75.8 + 74.5
12.5 8.8 8.7 11.4 9.2
FEMALE
NO. IN GROUP 2 10 10 N
NO. OF YEARS 5.0 10.9 *+ 5.0(13.8 + 9.1(31.7 * 5.7 | ——————v
SINCE ONSET
NO. OF YEARS 1.5 5.4 *+ 3.1| 6.4 * 4.8] 9.3 + 4.9 | —eoeeen
SINCE DIAG.
HEIGHT (m) 1.57 * 1.63 # 1.61 # 1.58 = | =—————e-
0.00 0.09 0.08 0.06
MASS (kg) | 45.6 * 62.0 = 55.4 % 56.8 + | ==———e-
2.9 7.8 5.2 3.5

N.B. Values given in the above Table are the mean + S.D.

72



Table 6.3 was constructed in order to show the distribution of ages at
which patients first showed symptoms of the disease. As can be seen
initial symptoms seem to occur most commonly in the first two decades

listed.
TABLE 6.3

DISTRIBUTION OF AGES AT WHICH FIRST DISEASE SYMPTOMS

WERE NOTED
Aggsg$ ggilggTS SEX $ TOTAL CASES/DECADE
M F M F

10 - 19 30 23 7 32.4 26.9

20 - 29 39 28 11 39.4 42.3

30 - 39 20 14 6 19.7 23.1

40 - 49 7 5 2 7.0 8.0

50 + 1 1 -- 1.4 -——
TOTAL 97 71 26

6.3.1 Statistical Analysis

Statistical analysis was used to compare the maximum range of motion in
patients of different ages and of different gender, and was used to
assess how coupled movements; and consequently movement patterns
differed. When comparing patient groups the non-parametric two sample

Wilcoxon rank sum test (also called the Mann-Whitney test) was used as

the data appeared to be positively skewed.

When comparing the patient groups with '‘Normals’ the 'TWOSAMPLE’
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command in the Minitab statistical package was used. This was
recommended as being the most appropriate method by which to
compare the populations as they had different shapes and different

"TWOSAMPLE' command enabled a two

standard deviations. The

(independent) sample t-test and confidence interval to be calculated for

the groups.

6.4 RESULTS
6.4.1 Age and Sex effects for Ankylosing Spondylitis patients

Patient groups were initially split into male and female categories, and
separate age groups. Since numbers in the 50 - 59 and 60 + age groups
were relatively small these groups were combined to form a 50 + age
group. Table 6.4 giVes the results of the median values obtained and the
95 % confidence interval limits for each group.

TABLE 6.4

CHANGE IN MEDIAN RANGE OF PRIMARY MOVEMENT RELATED TO
AGE FOR ANKYLOSING SPONDYLITIS PATIENTS

AGE GROUP FLEXION EXTENSION | LATERAL AXIAL
BEND ROTATION
MALE
20 - 29 60 (21,66) | 17 (3,26) 37 (19,52)| 22 (12,28)
30 - 39 48 (35,60) | 10 (5,15) 28 (18,40)| 27 (25,31)
40 - 49 34 (30,42) 5 (3,6) 15 (10,26)| 23 (17,27)
50 + 39 (29,45) 6 (2,7) 18 (10,26)| 20 (17,23)
FEMALE
20 - 29 61 (38,90) 20 (1,23) | 59 (8,63) | 45 (20,33)
30 - 39 49 (45,65) 12 (4,22) | 34 (15,49)| 30 (20,33)
40 - 49 44 (33,56) 6 (4,9) 22 (11,34)] 21 (18,26)
50 + 41 (20,60) 6 (3,15) | 23 (13,29)| 22 (14,29)







Due to the fact that the only significant difference between male and
female age groups was for left axial rotation in the 20 - 29 age group it
was considered appropriate to combine male and female age groups in
order to increase numbers in each category and determine significant
changés related to age. These results for primary movements are given in

Table 6.6.

TABLE 6.6

SIGNIFICANT DIFFéRENCE IN MEDIAN RANGE OF MOTION DETERMINED BY AGE

- A.S. PATIENT GROUP

COMBINED MALE and FEMALE ANKYLOSING SPONDYLITIS GROUPS
AGE GROUP FLEXION EXTENSION LATERAL AXIAL
BEND ROTATION
20 - 29 61 (38,66) %| 18 (3,25)**[38 (19,55)*F | 24 (18,33)
30 - 39 49 (44,59)=\| 10 (6,14)7\|28 (20,40)=\ | 27 (25,31)**
40 - 49 38 (31,45)"| 6 (4,7) *=|16 (11,26)*= | 21 (19,26)%
50 + a1 (31,45)7\| 6 (3,7) *\|19 (12,25)*\ | 21 (17,23)%

N.B. *,+,=,\ denote significant differences between age groups (P <
0.05) eg. The 20 - 29 age group and the 40 - 49 ,age group have
significantly different values for flexion, extension and lateral bend
denoted by * against both sets of figures. The 20 - 29 age group also
has significantly different values from the 50 + age group, this time
Values given are median

denoted by + against each set of figures.

(95% confidence interval limit).

As can be seen from the above Table the main statistical differences
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over a 2 - 3 month time interval.

Over a 5 - 6 month period a significant decrease in flexion and lateral
bend for patients in the vigorous exercise group was observed (median
decrease = -5.5 degrees flexion, -2 degrees lateral bend). No significant

changes were observed in any of the other groups.

When combining groups, a significant overall loss of movement for
flexion and lateral bend was observed (median = -5.5 degrees flexion, -3
degrees lateral bend). And the general trend appeared to be for flexion
and lateral bend to decrease more rapidly over this time interval than

- extension.

7.4.4 One - two year follow-up

In order to try and determine whether there were any common trends
observed between patients over a 1 - 2 year time period figures 7.8 -
7.13 were constructed. These figures show the mean maximum readings
obtained for individual patients, and the variation between individuals can
be seen to be considerable. N.B. The reason for splitting the patient
groups into groups of four was in order to be able to see trends more

clearly.

The patients appeared to show unique éhanges in movement range, with
no apparent overall reduction in movement at any particular time of year.
Since it was not possible to obtain readings for all patients on the same
day, or even the same week, it was considered inappropriate to combine
all patient data. Instead regression analysis was conducted on individual

patients results in order to see whether there were any general trends
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CHANGE IN RANGE OF LATERAL BENDING MEASURED OVER A 1 - 2
YEAR TIME INTERVAL: EXERCISING PATIENTS
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CHANGE IN RANGE OF FLEXION MEASURED OVER A 1 YEAR
TIME INTERVAL: NON-EXERCISING PATIENTS
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TABLE 9.6

RANGE OF AXIAL ROTATION BEFORE (AND AFTER) NINE MONTH TIME INTERVAL

R ROT L ROT R + LROT CONTINUED

EXERCISES?
1 10.0(11.0) 9.5(14.0) 19.5(24.0) NO
2 6.0(5.0) 11.0(3.0) 16.5(16.0) YES
3 17.5(11.0) 14.5(10.0) 31.5(22.0) NO
4 18.0(8.0) 15.5(9.0) 34.0(16.0) YES
5 18.0(15.0) 13.5(17.0) 31.0(32.0) NO
6 22.0(11.0) 33.0(10.0) 55.5(22.0) YES
7 6.0(6.0) 8.0(4.0) 14.0(10.0) YES
8 17.5(8.0) 20.0(17.0) 37.0(24.0) YES
9 14.5(19.0) 15.5(26.0) 29.5(45.0) YES
10 9.0(7.0) 10.0{4.0} 20.0(12.0) NO
11 10.0(6.0) 6.0(10.0) 15.0(16.0) NO

9.4 DISCUSSION

The inherent problems of trying to assess the effectiveness of different
treatments when monitoring motion in low back pain patients are many.
It is well known that} LBP may spontaneously resolve either for short or
long periods of time, and that the severity of LBP does not necessarily
follow any well defined pattern in terms of gradually getting better,
worse etc. This makes it difficult when monitoring a small group of
patients as in this study, since a number of patients may well
spontaneously recover, and this may give a false idea of the effect that

treatment is having on them.

Another problem of monitoring motion in low back pain patients by using
the method in this study is that patients are asked to perform the
movement in 'a given time interval of 10 seconds (although this time may
be extended or reduced slightly if needed). Patients may be weary when

asked to perform a movement to the full range of their ability because
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they have experienced pain when performing that movement in the past.
This means that often they do not move as far as they are physically able
to, but the distance moved is governed to some extent by their tolerance

of pain, and their past experience.

The value of assessing low back mobility in patients with low back pain
without also obtaining information on whether the severity of the pain
has increased or decreased is questionable. Of the 11 patients who were
assessed 9 months after attending the Back school 6 had continued with
their exercises, 5 had not. Of the 6 who had continued exercising, 5 had
an increased range of total sagittal plane movement after 9 months, 4
had a decrease in lateral movement and 4 a decrease in axial rotation.
This compared with the results obtained for those who had not continued
with the exercises taught of a decrease in sagittal movement in 4
patients, a decrease in lateral bending in.all 5 patients and a slight
increase in axial rotation in 3 of the patients seen. The only significant
difference between the group that did and the group that did not

continue with their exercises was for sagittal movement.

Of all the 11 patients seen only 1 patient said they felt any better than
when they attended the Back school 9 months previously. One other
patient felt his/her back pain had decreased but that the pain in his/her
legs was about the same. One patient although admitting to feeling

slightly better, took analgesics constantly.

Patients who attended the Back school stated, in many cases, that they
had undergone other remedies over the years, and many felt that their
doctor had sent them for treatment at the Back school as a 'last resort’.

Results obtained from a study on patients with chronic LBP attending the
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Swedish Back school showed no positive effect of the Back school after
one year, compared with the results of a control group who received only
detuned pulsating shortwave treatment (Lankhorst et a/, 1983). The
conclusion reached was that the Back school was of little use in chronic
LBP and that efforts should therefore be 'directed towards the prevention
of chronicity of LBP'. Over a one year period spinal mobility showed a

slight decrease whereas there was no change in pain.

The results from this study have shown that patients did not generally
feel any better 9 months after attending the Back school and the 'drop
out’ rate, in terms of continuing with the exercises taught, was quite
high (5 out of 11 batient's). Patients who were onnitored had often had
the symptoms for many years with some not able to remember how long
they had had back problems. From the results obtained from Lankhorst et

als study we might not therefore expect any improvement.

On questioning, all patients stated that if their back pain felt worse they
would start trying the ex.ercises taught again but would often stop as
soon as they felt better. One of the aims of the Back school was to teach
patients how to relieve their pain and this appears to have been
successful. The problem remains however that patients did not see the
exercises as a preventative measure, and because they often felt that
they were only being sent for treatment because their doctor could not

do anything else for them their compliance was poor.
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CHAPTER 10

THE RANGE AND PATTERN OF MOVEMENT IN THE PATHOLOGICAL

LUMBAR SPINE

10.1 INTRODUCTION

The importance of monitoring motion in more than one plane is evident
when considering the problem of differentiating between pathologies
such as lumbar disc prolapse and ankylosing spondylitis. As pointed out
by Moll and Wright (1971) when referring to Bailey (1960) 'An important
practical application of the measurement of back movement in 3 planes
(anterior flexion, lateral flexion and extension) concerns the frequent
difficulty in differentiating ankylosing spondylitis from disorders of the
lumbar disc. It has been reported that limitation of mobility in spondylitis
usually affects all planes of spinal movement in contrast with the pattern
in acute lumbar disc lesions in which lateral flexion is often spared’. The
concern expressed by Lawrence (1970) was that if flexion was the only
motion monitored when setting the criteria for limitation of movement in
ankylosing spondylitis, that a number of patients with disc disorders

rhight also be included in this group.

The results from Chapter 6 have shown that there are significant
differences in primary and coupled movements in patients with
ankylosing spondylitis compared with ‘'normal' subjects. The work
reported in this chapter was to monitor a number of patients with
mechanical low back problems in order to compare their movements with
both the ‘'normal' subject group in Chapter 2 and the ankylosing
spondylitis group in Chapter 6. If significant differences were observed
between patient groups it would show that the Isotrak could be a useful

tool in helping to distinguish between different patients with different
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pathologies.

The patient groups chosen to be included in this study included those
with confirmed lumbar disc prolapse, spondylosis, spondylolysis and
spondylolisthesis. Patients who participated in this study attended either
the outpatient clinic at Sunderland District General Hospital or the
outpatient clinic at North Tees General Hospital. Only those who had
been given a definite diagnosis by their Consultant were included.
Patients who had previously undergone any surgical intervention for their
back problem, or whose back problem caused them considerable pain if
asked to perform all of the movements of flexion, extension, lateral bend

or axial rotation were excluded.

10.2 METHOD

One hundred and eighty-seven patients participated in this study. Details

of those patients tested are given below.

TABLE 10.1
PATIENT DIAGNOSIS

DIAGNOSIS MALE FEMALE
A.S. 95 36
DISC PROLAPSE 19 19
SPONDYLOSIS 2 3
SPONDYLOLYSIS 3 1
SPONDYLOLISTHESIS 5 4

A further 19 patients were tested who had degenerative changes. Since
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their diagnosis was either complicated due to the fact that they were
suffering from more than one specific pathology, or was unconfirmed,

their results were not included in this study.

Before direct comparison between groups could be undertaken it was
first necessary to make 'within group' comparisons for the disc prolapse
group. This was because there were a number of variables within the

group to consider.
10.2.1 ANALYSIS OF DATA

Data were analysed using Mann-Whitney tests, two-sample t-tests and
Pearson correlation coefficients where appropriate. Significance was

taken to be at P < 0.05 unless otherwise stated.

10.3 RESULTS

10.3.1 Disc Prolapse group

Of the thirty-eight patients seen in this group 1 was affected at the L3/4
level, 15 at the L5/S1 level and 14 at the L4/5 level. Two patients were
affected at both the L4/5 and L5/S1 levels and 6 were later diagnosed as
having disc degeneration rather than prolapse. Patient details have been

given in Table 10.2.




TABLE 10.2
DISC PROLAPSE PATIENT DETAILS

DETAILS MALE FEMALE
TOTAL NUMBER TESTED 19 19 !
AGE (Mean = s.d.) 37.6 £+ 10.2 40.3 =+ 10.7
AGE RANGE 26 - 54 22-63
LEVEL AFFECTED:

L3/4 ] -

AGE 49

L4/5 7 7

AGE (Mean + s.d.) 34 9 44 + 13
L5/€1 7 8

AGE (Mean =+ s.d.) 37 + 9 37 £ 10
L4/5 AND L5/81 1 1

AGE 44 55

DISC DEGENERATION 4 2

AGE (Mean t s.d.) 40 = 15 39 + 4

10.3.1.1 Dependence of range of movement on level affected

Mann-Whitney statistical tests were used to compare the group of
patients affected at the L4/5 level with the group affected at the L5/S1
level and the group with disc degeneration. The results showed that
there were no significant differences in range of movement (either
primary or coupled movement) for the group who were affected at the
L4/5 level or at the L5/S1 level and they were therefore combined for all
subsequent analysis. Numbers in the other two disc.prolapse groups
were too small for detailed statistical analysis to be valid but results for
patients in both groups fell within the 95% confidence interval limit of
the results for the L4/5 and L5/S1 groups. The only significant difference

seen between groups was for the range of flexion which was
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significantly greater in the disc degeneration group (median 57.5, 95%
C.1. 39.0 - 66.5) compared with the group affected at the L4/5 level only
(median 37.5, 95% C.I. 26.0 - 46.0).

10.3.1.2 Side of prolapse and its effect on movement

Of the 30 patients who were affected at only one level, 7 had a right
hand side prolapse (RHS), 6 had a left hand side (LHS) prolapse and the
side of prolapse was not known for the other 17. When comparing each
of the movements in the RHS prolapse and LHS prolapse groups no
significant differences were observed in either the primary or coupled
movements. No significant differences were observed between left and

right lateral bend or left and right axial rotation for either of the groups.

10.3.1.3 Effect of gender

When analysing differences between male and female subject groups the
only significant difference observed was for left axial rotation where the
maximum range for the male group (median 9.5, 95% C.l. 7.5 - 11.5)
exceeded that of the female group (median 6.0, 95% C.l. 5.0 - 7.5).
When combining left and right axial rotation however no significant

difference was observed between groups.

10.3.1.4 Effect of age

No significant changes were observed in either primary or coupled
'~ movement ranges for patients in the 20 - 29, 30 - 39, 40 - 49 6r 50 +

age groups.
From the results obtained from this section of the study it was decided

that it would be appropriate to combine the resuits of all patients, both

male and female, who had only one level affected. This group of 30
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patients was used in all subsequent analysis.

10.3.2 Spondylosis ondylolysis and Spondylolisthesis

The results obtained from these three groups were analysed using two-
sample t-tests as the results showed a symmetrical distribution pattern.
There were no significant age differences between any of the groups.
Age range was 21 - 66 for the spondylosis group, 35 - 54 for the

spondylolysis group and 15 - 50 for the spondylolisthesis group.

A significant difference in the magnitude of the coupled movement of
rotation on extension was observed between the spondylosis group
(mean 1.4 x 1.5), and the spondylolysis (mean -2.3 + 2.1) and
spondylolisthesis (mean -0.6 + 0.9) groups. No significant difference in
the magnitude of any of the other primary or coupled movements was
. observed. For the purpose of this study the groups were combined when

primary movement range was of importance.

10.3.3 Ankylosing Spondylitis

The results for these patients have been given in Chapter 6.

10.3.4 Comparison between the 'Normal' group_and the disc prolapse

group

Before the disc group was compared with any of the other patient groups

it was first compared with the "Normal' group studied in Chapter 2.
Each patient was compared with their 'Normal' control group, ie. A

woman in her 20's had her range of movement compared with the

normal female 20 - 29 age group range. Of the 30 patients whose
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movement was affected at only one Ievell 8 (27%) had restricted
extension (restriction occurring where a patients movement was more
than 2 standard deviations below the mean of the 'normal' group), 22
(73%) had restricted flexion, 21 (70%) restricted lateral bending and 6
(20%] restriction of axial rotation. None of the coupled movement ranges

fell outside the 95% confidence interval limit for any of the patients.

Due to the fact that 'normal’ subject range was seen to vary
considerably with both age and sex {Chapter 2) it was not considered
appropriate to conduct any detailed statistical analysis between the two

groups as numbers in the disc prolapse group were too small.

10.3.5 Comparison between the 'Normal’' group and the Spondylosis.

Spondylolysis and Spondylolisthesis groups

Once again detailed statistical comparison with the 'Normal' group was

not possible.

Comparison of each patient with their 'normal' control group gave the

results shown in Table 10.3.
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TABLE 10.3

DIFFERENCE IN RANGE OF MOVEMENT BETWEEN ‘NORMAL', SPONDYLOSIS,
SPONDYLOLYSIS AND SPONDYLOLISTHESIS GROUPS

DIAGNOSIS SEX/ FLEXION EXT. LAT. AXIAL
AGE BEND RO7T.
Spondylosis
F21 Normal < 2sd < 2sd < 2 sd
M62 < 2 sd < 2sd Normal Normal
M45 < 2sd Normal Normal Normal
F66 < 2sd < 2sd < 2sd Normal
F41 < 2sd < 2 sd < 2 sd Normal
Spondylolysis
M54 < 2 sd < 2sd < 2 sd - < Zsd
F35 Normal Normal < 2sd Normal
M49 < 2sd Normal < 2sd < 2 sd
M37 Normal Normal Normal Normal

Spondylolisthesis

M34 < 2sd < 2sd < 2sd < 2 sd
F36 < 2sd Normal Normal Normai
F34 < 2 sd < 2 sd < 2sd Normal
F46 < 2 sd < 2sd < 2 sd Normal
M15 Normal Normal Normal < 2sd
M47 < 2sd Normal < 2sd Normal
F50 < 2sd Normal Normal < 2sd
M52 Normal Normal Normal Normal
M47 < 2sd Normal - < 2sd Normal

The results in Table 10.3 show that of the eighteen patients seen 13
(72%) had a restriction of flexion (compared to the 'normal’ group), 6
(33%) a reduction of extension, 11 (61%) a reduction of lateral bending

and 6 (33%) a reduction of axia! rotation.

10.3.6 Comgérison between Ankylosing spondylitis and disc prolapse

groups

Since age was seen to have an effect on movement in patients with

ankylosing spondylitis (A.S.) (Chapter 6, Table 6.6), but did not appear
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to have an effect on the disc prolapse patieht group it was decided to
compare the entire disc prolapse group with each A.S. patient age group.
Since data for both the disc and A.S. groups were non-parametric Mann-
Whitney statistical analysis was used to compare them. The results of
the sigﬁificant differences between the two groups have been given in

Table 10.4. -
TJABLE 10.4

COMPARISON BETWEEN DISC AND A.S PATIENT GROUPS: SIGNIFICANT
DIFFERENCES IN RANGE OF MOVEMENT

AGE GROUP MOVEMENT SIGNIFICANT
DIFFERENCE

20 - 29 LEFT AXIAL ROTATION A.S. > DISC
COUPLED EXT ON R ROT A.S. > DISC

30 -39 AXIAL ROTATION A.S. > DISC
COUPLED FLEX ON L ROT A.S. > DISC

COUPLED ROT ON R BEND DISC > A.S.

COUPLED ROT ON L BEND DISC > A.S.

40 - 49 EXTENSION DISC > A.S.
FLEXION + EXTENSION DISC > A.S.

LATERAL BEND DISC > A.S.

AXIAL ROTATION A.S. > DISC

COUPLED ROT ON R BEND DISC > A.S.

COUPLED ROT ON L BEND DISC > A.S.

COUPLED BEND ON R ROT A.S. > DISC

50 + EXTENSION DISC > A.S.
FLEXION + EXTENSION DISC > A.S.

LATERAL BEND DISC > A.S.

AXIAL ROTATION A.S. > DISC

COUPLED ROT ON R BEND DISC > A.S.

COUPLED ROT ON L BEND DISC > A.S.

COUPLED FLEX ON R BEND A.S. > DISC
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The magnitude of the significantly different mbvements have been given

in Tables 10.5 and 10.6.

MAGNITUDE OF SIGNIFICANT DIFFERENCES BETWEEN THE A.S. GROUP AND THE

JABLE 10.5

DISC GROUP: PRIMARY MOVEMENTS
MEDIAN (95% CONFIDENCE INTERVAL)

MOVEMENT AGE GROUP A.S. GROuUP DISC GROuP

EXTENSION 40 - 49 6.0 (4.0,7.0) 12.0 (10.0,13.5)
50 + 6.0 (4.0,8.0)

FLEX + EXT 40 - 49 43.0 (37.5,51.0) 55.5 (50.0,62.5)
50 + 46.0 (36.5,51.5)

LEFT BEND 40 - 49 7.0(7.0,12.5) 14.0 (12.0,17.0)
50 + 9.5 (6.5,11.5)

RIGHT BEND 40 - 49 8.9 (8.0,12.0) 17.0 {13.5,19.5)
50 + 10.5 (7.5,12.5)

LATERAL BEND 40 - 49 16.0 (14.5,24.5) 32.5 (26.5,36.5)
50 + 18.5 (14.0,23.5)

LEFT ROTATION 20-29 12.0 (9.0,16.5) 7.0 {6.5,8.5)
30-39 15 {12.5,15.5)
40 - 49 12.0 (9.5,13.0)
50 + 11.0 (8.5,12.5)

RIGHT ROTATION 30-39 13.0{11,14.5) 9.0 (8.0,11.0)

AXIAL ROTATION 30-39 27.0 {24.0,29.5) 17.5 {(15.0,19.5)
40 - 49 21.0 (19.0,25.0)
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TABLE 10.6

MAGNITUDE OF SIGNIFICANT DIFFERENCES BETWEEN THE A.S. GROUP AND THE
DISC GROUP: COUPLED MOVEMENTS
MEDIAN (95% CONFIDENCE INTERVAL)

MOVEMENT AGE GROUP A.S. GROUP DISC GROUP
F/E ON R ROT 20-29 -4.0 (-8.5,-1.5) -1.0 (-2.0,0.5)
F/E ON L ROT 30-39 2.0(1.0,4.0 0.0 (-1.5,1.5)
ROT ON R BEND 30-39 1.0 {0.0,2.5) 3.0 (2.0,4.0)
40 - 49 0.0 (0.0,2.0)
50 + 0.0 (-0.5,2.0)
ROT ON L BEND 30-39 -1.0 (-2.5,0.0) -3.0 (-4:5,-2.0)
40 - 49 -2.0 {-2.0,-0.5)
50 + -1.0 (-2.5,0.0)
BEND ON R ROT 40 - 49 3.0 (2.0,5.5) 0.0 (-1.0,2.5)

10.3.7 Comparison between disc prolapse, spondylosis, spondylolysis

and spondylolisthesis groups

Due to the fact that only a relatively small number of patients were seen
in the spondylosis, spondylolysis and spondylolisthesis groups, and the
ages of patients were fairly well spread over the decades, the results for
males and females of all ages were combined and compared with the

entire disc group.

The only significant difference observed between the two groups was for
the movement of left lateral bend where coupled rotation in the disc
group was greater than that in the combined spondylosis, spondylolysis

and spondylolisthesis group.
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10.3.8 Comparison between the spondylosis, spondylolysis,
spondylolisthesis and A.S. groups

Due to the small numbers of patients seen in the combined spondylosis,
spondylolysis and spondylolisthesis group,' and the fact that movement
variation between different age groups in A.S. patients is often
considerable, it was not thought appropriate to conduct detailed
statistical analysis between patient groups. Each patient in the
spondylosis, spondylolysis or spondylolisthesis group was compared with

the comparable age group in the ankylosing spondylitis group.

TABLE 10.7

DIFFERENCE IN RANGE OF MOVEMENT BETWEEN ANKYLOSING SPONDYLITIS AND
SPONDYLOSIS, SPONDYLOLYSIS AND SPONDYLOLISTHESIS GROUPS

DIAGNOSIS SEX/ FLEXION EXT. LAT. AXIAL
AGE BEND ROT.
Spondylosis
F21 Same Same Same <
F41 > < Same >
M45 > > > >
M62 Same < Same <
F66 Same < Same <
Spondylolysis
F35 Same Same Same Same
M37 Same > > Same
M49 Same Same Same <
Mb4 Same < < <
Spondylolisthesis
: M15 Same Same Same Same
M34 < < < <
F34 Same : < < <
F36 Same Same > <
F46 Same Same Same <
M47 > > Same <
M47 Same < Same <
F50 > < > <
M52 > > > >
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N.B. In Table 10.7 < and > imply that the results for spondylosis,
spondylolisis or spondylolisthesis patients were either less than or greater
than the 95% confidence interval limit for the corresponding ankylosing

spondylitis patient age group.

10.3.9 Comparison between ankylosing _spondylitis patients, disc

prolapse patients, and the combined spondylosis,  spondylolysis and
spondylolisthesis group of patients - Correlation coefficients

Chapter 6 showed that primary movements in A.S. were highly
correlated. A comparison between the correlation coefficients for the

primary movements of all groups was therefore conducted.

TABLE 10.8
CORRELATION COEFFICIENTS: PRIMARY MOVEMENTS

PATIENT GROUP

MOVEMENT A.S. DISC GROUP SPONDY N

GROUP GROUP
EXTENSION & :
FLEXION 0.7 - 0.15 0.50
EXTENSION &
LATERAL BEND 0.76 0.51 0.68
EXTENSION &
AXIAL ROTATION 0.45 0.20 0.47
FLEXION &
LATERAL BEND 0.83 0.49 0.59
FLEXION &
AXIAL ROTATION 0.50 0.50 0.46
LATERAL BEND &
AXIAL ROTATION 0.50 0.50 0.60

N.B. SPONDY :- Denotes the group of spondylosis, spondylolysis and spondylolisthesis
patients
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10.4 DISCUSSION

The results have shown that it is possible to make distinctions between

some patient groups using the Isotrak system of measurement.

Although the maximum range of movement in the disc prolapse (D.P.)
patients was not seen to be significantly different from those of the
combined spondylosis, spondylolisis and spondylolisthesis group the
correlation between the primary movements of flexion and extension and

of extension and rotation were considerably lower in the D.P. group.

A comparison between D.P. patients and ankylosing spondylitis (A.S.)
patients showed that a distinction could be made between patients of the
same age group. The A.S. patients showed a consistently greater range
of axial rotation than the D.P. patients whilst the D.P. patients had
greater ranges of flexion, extension and lateral bend in the 40 - 49 and
50 + age groups. The only consistent change in coupled movement
between the two groups in the age groups 30 - 50 + Was for the
movement of rotation on lateral bend which, in the A.S. patients was
significantly smaller than that for the D.P. patients. Differences in the
younger, 20 - 29, age group were less and not consistent ie. although
there was a significantly higher range of coupled extension on right

rotation there were no significant differences on left rotation.

When comparing the patients in the combined spondylosis, spondylolysis
and spondylolisthesis group with the 'Normal' group studied in Chapter 2
the movement most commonly seen to be restricted was that of flexion
followed by that of lateral bending. There was restriction of extension

and axial rotation in 33% of patients. No significant differences in the
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magnitude of coupled movement were seen between the two groups.
Resuits obtained from a study by Pearcy and Shepherd (1985) in which
ten patients with spondylolisthesis at L5/S1 were monitored showed
limitation of flexion and extension compared to a 'normal’ control group.
This was explained by the fact that L5 had slipped forward on the
sacrum putting ligaments into tension which, coupled with muscle spasm
caused the reduction in movement. Pearcy and Shepherds study also
showed a lack of consistent coupling of lateral bend and axial rotation
during flexion énd extension which they sugge'sted was the result of
muscle action rather than mechanical coupling of the joints. This study
showed no significant differences in the magnitude of coupled
movements from the 'Normal' group. However, as mentioned in Chapter
2 a number of subjects in the 'Normal' group may have had undiagnosed
lumbar spine problems. The wide range of values obtained in each
age/sex catagory in the 'Normal' group may have also obscured some of
the changes in the relatively small number of spondylosis, spondylolysis

and spondylolisthesis patients seen.

In a study by Tibrewal et a/ (1985) movement was monitored, using
biplanar radiography, in a group of patients with disc prolapse all of
whom required surgery. The results showed that of the 15 patients
measured, all were restricted to one half of the normal range of
movement at each lumbar level with there being no greater degree of
limitation at the level affected. In this study flexion was seen to be the
movement most commonly restricted followed by restriction of lateral
bending. In the study of Tibrewal et a/ no correlation between coupled
movements with side of prolapse was seen, this agrees with the results
of this study where no significant differences were observed between

side of prolapse and the effect on primary or coupled movements.
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Due to the fact that disc degeneration or prolapse often occurs in
spohdylolisthesis and that disc space narrowing can occur in spondylosis
it is perhaps not surprising that no significant differences in movement
patterns were seen between the disc group and the combined
spondylosis, spondylolysis and spondylolisthesis - group monitored,

especially when numbers in the groups were not large.

The results from this section of the study have shown that it is possible
to make distinctions between patients with different spinal pathologies.
The fact that patients with disc prolapse, spondylosis, spondylolysis or
spondylolisthesis were often limited by pain as well as mechanical factors
may well have meant that patients braced themselves when performing
movements. Since movements were performed in a given time interval
this may well have given unrealistic figures for the extent of involvement
as patients may have been able to move considerably further if allowed

to move slowly or 'at their own pace’.

Once again this study has shown that there is considerable overlap

between patients and 'Normal' subjects.
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SECTION 2: THE CERVICAL SPINE
CHAPTER 11
11.1 LITERATURE REVIEW

In 1928 Wilson and Cochrane found that the widest range of movement
in the human spine occurred in the cervical region_with the occipito-
atlantal joints allowing motion in the anteroposterior plane and rotation
being effected by the atlanto-axial articulations. Lateral bending was
purported to occur mainfy in the mid cervical spine, with filexion and

extension being the primary movements in the lower cervical spine.

Methods of assessing cervical spinal motion include, amongst others; CT
scans (Penning and Wilmink, 1987; Dvorak et a/, 1987), radiography
(Mimura et a/, 1989), goniometers (Buck et a/, 1959; Alund and Larson,
1990), and visual examination (Youdas et a/, 1991) each with its own
intrinsic merits and demerits. Radiography has been described as being
the most accurate and objective technique for measuring joint motion
(Mimura et al/, 1989), the time, expense and problems that may be
incurred due to exposure to radiation however prohibit this method from
being used extensively and would exclude it from being generally used in
assessing the outcome of treatments for patients. In general "Normal’
subjects not requiring treatment but who were intended to be used in a
'Normal® data base would not be assessed using this method especially

if a large number were required for testing for reasons already given.

The universal goniometer currently appears to be the most widely used
instrument in physiotherapy departments. It enables measurements to be
obtained quickly and without discomfort to the patient and has none of

the inherent drawbacks of radiographic techniques. Although the
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goniometer is used extensively its reliability- when measuring cervical
spinal motion has not been looked at in any great detail. Tucci et a/
(1986) found poor reliability when measuring all motions except
extension (correlation coefficient -0.08 - +0.60). In another study
conducted by Youdas et a/ (1991), measurements obtained by the same
therapist on more than one occasion had an intraclass correlation
coefficient (ICC) greater than 0.80. However when measurements were
made by different physiotherapists the ICC was less than 0.80 (range
0.54 - 0.79) which indicated poor reliability if measurements were to be

made by more than one tester.

The main disadvantage of using the methods outlined above is that they
cannot monitor motion in three-dimensions. Cervical spine motion is
known to be a complex movement with coupling of motion in two or
more planes and it is therefore important to be able to measure motion in
three dimensions if we want to get an accurate picture of motion in this

area.

Measuring cervical spinal motion using the Isotrak system of
measurement has, as far as is known, only been described in two papers.
Chao et a/ (1989) monitored thirty 'normal' subjects with the sensor
placed on the subjects forehead and the source fastened to the trunk.
They found that women had a larger range of motion than males and that
age had a significant effect on neck movement. They also found coupling
to occur between lateral bend and axial rotation. Details of the exact
source positioning and exact amounts of coupling associated with each

movement were not given.

Another study conducted by Trott et a/ (1991) in which thirty subjects
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aged 20 to 29 vyears were monitored élso showed coupling of
movements although no significant differences in range of movement for
males or females was observed. In Trotts' study the sensor was again
placed on the forehead of the subject and the source was this time

placed over the C7 spinous process.

Movement in the cervical spine differs significantly from that in the
lumbar spine due to many differences including vertebral configuration,
differences in musculature, ligaments and disc height. According to Fick
(1911) the fact that the cervical disc is relatively high compared to its
surface explains why cervical range of motion is large compared with

other areas of the spine.

In order to understand the complex motion of the cervical spine it is
necessary to look at the cervical spine in two sections ie. the upper and

lower portions:

11.1.1 Upper cervical spine

The upper section of the cervical spine consists of the occiput, atlas and
the odontoid process of the axis. Movements allowed in this section
include flexion and extension, lateral bend, axial rotation, vertebral
approximation and lateral gliding (Hohl 1964). Based on the values given
by White and Panjabi (1978) from a review of Iitérature, approximately
13° flexion and extension and 8° of lateral bending are allowed at the
atlanto-occipital joint. Axial rotation at this joint is negligible with the

atlanto-axial joint allowing approximately 1_O° flexion/extension and

approximately 47° of axial rotation.
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C1 and C2 differ in shape from the vertebrae of C3 to C7. In place of the
body of C1 (the atlas), the odontoid process projects upwards from the
body of C2 (the axis) forming the pivot joint needed for rotation of the
head. The posterior arch of the atlas is much larger than the other arches

and allows for cord movement in this area.

The two movements observed in the cervical spine which are not
observed in the lumbar spine are vertebral approximation and lateral
gliding. Vertebral approximation occurs due to the fact that the joint
surfaces between the atlas and axis are bi-convex and appears as an
apparent increase in neck length. In the neutral position the high points
of both joint surfaces are in contact whereas in maximum rotation the

low points of both joint surfaces are in contact.

Lateral gliding is associated with lateral bending of the head, and occurs
when there is 10 - 15 degrees of atlanto-axial rotation combined with
lateral tilting of the atlas on the axis. 'With lateral gliding the odontoid
process appears asymmetrically placed between the lateral masses of the
atlas, the articular surfaces appear to be offset 2 - 4mm and usually the

joint spaces narrowed in normal subjects’ (Hohl, 1964).

At least 50% of all rotational movement of the cervical spine occurs at
the atlanto-axial joint due to the fact that there is no intervertebral disc,
and also because of the shape of the articular facets in this region.
Limitation of rotation in this region occurs primarily due to restriction
caused by the alar ligaments at the extremes of motion (Crisco et a/,
1991). In a study by Mimura et a/ (1989) 70% of the total axial rotation
in the cervical spine was found to occur between the occiput and C2,

whilst each segment between C2 and C7 showed 4 - 8° rotation on
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average.

11.1.2_Lower cervical spine

The lower cervical spine reaches into the upper portion by means of the
odontoid process, and it connected to the occiput with strong occipito

odontoid ligaments.

From a study conducted by Penning (1978) in which flexion and
extension were monitored using the superimpositioning of two films it
was shown from a posterior view that the spinous process of C2 takes a
central position in the cervical region with muscles radiating in all

directions.

All sections in the lower portion of the cervical spine (C2 - C7) exhibit
the same type of movement due to the fact that the vertebrae and
connecting muscles and ligaments are not significantly different between

adjacent vertebral structures.

Whilst the muscles in the upper cervical region from C2 upwards have a
specialised arrangement the muscles in the lower region are interwoven
This means each muscle may activate several levels at one time causing
this secfion of the cervical spine to operate as a single unit. The majority
of lateral bending occurs between C2 and C7 and a large proportion of
the rotational movement occurs in this section' of the cervical spine
(although 50% of rotation occurs at the atlanto-axial joint). Rotation in

this area is limited by the intervertebral disc and articular facet joints.

In order to understand why the cervical spine moves as it does it is
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necessary to have at least a basic knowledge of the musculature and

ligaments which play a significant role in allowing and limiting motion.
11.2 MUSCULATURE
Muscles and ligaments allow the following movements:

Flexion: Sternocleidomastoid (anterior fibres), longus capitis, longus colli,

rectus capitis anterior, (scalenus anterior, rectus abdominis and psoas

major).

Extension: Splenius capitis and cervicis, semispinalis capitis and cervicis,
longissimus capitis and cervicis, trapezius, interspinalis, rectus capitis
posterior major and minor, obliquus capitis superior and

sternocleidomastoid (posterior fibres).

Lateral bending and axial rotation: splenius cervicis and cervicis, scalenie,
sternocleidomastoid, longissimus capitis, levator scapulae, longus colli,
iliocostalis cervicis, multifidi, intertransversarii, obliquus capitis inferior

and superior, rectus capitis lateralis.

Axial rotation is also affected by alar ligaments, tectorial membrane
capsular ligament, anterior longitudinal ligament, accessory atlanto-axial

ligament and possibly the transverse ligament.

In a paper by Snijders et a/ (1991) in which a biomechanical model for
the analysis of movement in the cervical spine was assessed it was
stated that in lateral bending the m sternocleidomastoideus is active, and

when lateral bending is greater than 16° the m rectus capitus is used to
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prevent the head from rotating backwards.

When the head is rotated the centre of gravity stays at the ventral side of
the atlanto occipital joint.(Snijders et a/, 1991). When rotating to the left
by less than 35° the muscle force of the right m trapezius muscle is
increased which is countered by an almost equal decrease in the left m
trapezius muscle force. The force is in the vertical direction, and at this
stage only a small force from the sternocleidomastoid muscle is required
to balance the head. It is not possible to increase rotation to greater than
359 purely by using the right and left trapezius muscles, and at this stage
the right sternocleidomastoid muscle is required (for rotation to the left).
The left sternocleidomastoid muscle is also needed at this stage to
balance the head in the frontal plane causing joint reaction forces to

quickly increase.

Limitation of movement at the atlanto-axial joint is due primarily to the
alar ligaments. In a paper by Crisco et a/ (1991) a model of the role of
the alar ligaments was developed which predicted that a significant
percentage of rotation at the atlanto-axial joint could occur without

ligamentous resistance.

In Snijders study (Snijders et a/, 1991) the following conclusions were

reached:

1. In flexion the muscle forces and joint reaction forces increase except
the force between the odontoid and ligamentum transversum atlantis

(which is minimum during moderate flexion)

2. Joint reaction forces at levels Cq - Cq, C1 - .C2 and Cy - T reach
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minimum values during extension, although all at different times.

3. Axial rotation < 35° does not need great muscle forces but > 35°

causes muscle forces and joint reaction forces to increase fast.

4. In lateral flexion muscle forces and joint reaction forces increase

rapidly in order to balance the head.

Previous studies and knowledge of the complex manner in which the
cervical spine moves make it evident that monitoring motion in three-
dimensions is important and may be particularly useful when assessing
patients with various cervical spinal disabilities. The aims of this section

of the study were to therefore:

1. Build up a data base of the 'Normal' range and pattern of movement in

the cervical spine and to assess how movement altered with age and

Sex.

2. To assess a group of patients with ankylosing spondylitis in order to

see how movement varied depending on the extent of involvement.

11.3 METHOD

In Chao et a/ (1989) and Trott et al's (1991) studies, the sensor was
attached to the subjects forehead with the source attached to the trunk
or C7 respectively. In the studies conducted in this section, the sensor
and source were initially attached using this configuration. Large errors in
coupled movements were observed however when the primary

movement of extension was conducted. After checking that there were
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no errors in the computer program which m‘ight cause this fault, and
checking that the sensor was not working outside the operative
hemisphere it was confirmed with another two users of the Isotrak that
they were observing the same pattern with their machines. It therefore
appeared that the Isotrak was not able to work as effectively with this
particular orientation of sensor and source, and indeed when looking at
the results obtained by Trott et a/ (1991) for the coupled movements of
lateral bend on extension in which an average coupled movement of
13.20 + 22.1°9 was obtained, it appears that the same phenomenon was
occurring there. Visual examination showed that 'normal’ subjects did
not tend to deviate laterally by more than a few degrees when extending

their necks.

It was found that it was impossible to position the source over the C7
spinous process without causing the subjects extension movement to be
restricted due to source size. After a number of trials using different
methods to fix the source and sensor securely to the subject, a method
was devised by which the source was fixed to the base of the cervical
region so that it overlay T2. The sensor was attached to the back of the
skull (fig. 11.1). By using this method none of the subjects tested felt
that their range of movement was limited. Also because the sensor was
light weight its fixation to the back of the head did not cause pulling on
the neck when the subject performed any movement. Due to the size of
the source it was not possible to place it any higher without causing

restriction of movement in extension.

Subjects were asked to perform the movements of flexion and extension,
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always cl'early defined with Penning (1978) stéting that the lower margin
of the orbita should lie in the same horizontal plane as the external
auditory meatus, whilst others stated that the subject should assume a
comfortable position or a 'natural position' (Dittmar, 1931; Buck et a/,
1959), and others did not state the neutral position at all (Kottke and
Mundale, 1959). In order to determine how well individual subjects
could resume their neutral positions, and how reproducible results were
seven subjects were monitored on one occasionl and asked to perform
each of the movements twice. A further five subjects were monitored on
three separate occasions, one week apart, in order to assess
reproducibility over a longer time interval. The results of these tests are

given in Chapter 12.

When performing each movement subjects were asked to try to make
them as 'pure’ as possible eg. when performing the movement of left
lateral bend subjects were asked to try to bend their left ear towards
their left shoulder without moving their trunk and trying not to rotate at

the same time. For the movement of axial rotation subjects were asked
to rotate as far to the left and right sides as pos.sible keeping their chin
on a level in order to ensure that any accompanying lateral bending was

kept to @ minimum.

The reason for asking subjects to move in this manner was that it was
found that if subjects were asked to move without any verbal
encouragement to keep the movement as pure as possible, a number
moved with an exaggerated coupled movement which ‘would not have
given a true indication of the coupling between lateral bend and axial
rotation. Asking subjects to move in this manner also gave a clearer

indication of how well subjects were able to control each movement
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which was important when taking readings for patients with known
cervical spine problems when muscle function and vertebral function

were often altered or impaired.

All movements were repeated twice in succession as this was found to
give good reproducibility of results without causing fatigue in the subject
(Chapter 12). Figures 11.2 - 11.4 demonstrate the type of movement

patterns that were observed in the 'normal’ cervical spine.
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CHAPTER 12

NORMAL PATTERN AND RANGE OF MOVEMENT IN THE CERVICAL
SPINE

12.1 INTRODUCTION

The aim of this section of the study was to build up a data base of the
range and pattern of movement in the 'Normal' cervical spine and to

assess how age and gender affected mobility.
12.2 METHOD

Measurements were obtained using the method given in Chapter 11.
Three studies were conducted in this section. The first assessed the
repeatability of the method used by monitoring a group of seven subjects
on one occasion and asking them to perform the movements of flexion,
extension, lateral bend and axial rotation twice in succession. This was
conducted in order to determine how easily subjects were able to resume
a neutral position, and to help determine the number of times a subject
would need to repeat a given movement to ensure that consistent results

were being obtained without causing fatigue.

Once this study had been conducted a further five subjects were
monitored on three separate occasions, with a time interval of one week
between tests. This study was conducted in order to assess
reproducibility over a longer time interval, and would include any errors

that might occur due to sensor misplacement.

Once the repeatability studies had been conducted one hundred and
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thirty-five subjects who did not suffer from cervical spinal problems were
assessed using the method in Chapter 11. Subjects were split into groups

categorised by age and sex.

Due to the fact that a large number of subjects were being tested it was
not feasible to obtain X-rays to confirm normality. Subjects were
therefore considered to be 'Normal' if they had never suffered from an
abnormally stiff neck which reduired medical treatment, or which lasted
for a period of more than a few days. Any patient who had suffered from
lumbar or thoracic spine problems requiring medical treatment was also
excluded from the study. Experience from 'back school' clinics has
shown that a significant number of patients who require treatment for
spinal problems in the lumbar region often present again after a number
of years as they start experiencing problems including restriction of
movement in the cervical region. This is thought to be due, in many
cases, to altered posture, muscle tone etc. caused by the original

problem.
12.3 ANALYSIS OF DATA

Data were analysed using the students t-test, paired t-test, chi-squared
and regression analysis where appropriate. Significance was taken to be

at P < 0.05 unless otherwise stated.

12.4 RESULTS
12.4.1 Reproducibility

The results for the seven subjects who were tested twice in succession

have been given in Table 12.1. The results given are the standard
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TABLE 12.1

REPRODUCIBILITY OF CERVICAL RESULTS MEASURED TWICE IN SUCCESSION

- £ s.d.
SUBJECT EXT/FLEX COUPLED BEND COUPLED ROT.
NO. _ ( £ s.d.) ON EXT/FLEX ON EXT/FLEX
( + s.d.) (£ s.d)
1 4.2 /2.1 3.5/0.7 1.4/0.7
2 4.2/21 1.4/0.0 3.5/0.7
3 1.4/4.2 21/1.4 0.0/1.4
4 2.8/2.8 7.8/1.4 0.7/0.7
5 0.7/0.7 0.0/3.5 1.4/2.1
6 4.2/0.7 2.8/0.7 0.0/21
7 0.0/3.5 2.1/4.9 0.7/4.9
SUBJECT L/R LAT. COUPLED F/E COUPLED ROT.
NO. BEND _ ON L/R BEND ON L/R BEND
( £ s.d.) ( £ s.d.) { + s.d.)
1 3.5/5.7 0.0/2.1 0.0/21
2 1.4/0.7 13.4/16.3 6.4/1.4
3 211721 2.8/0.7 0.7/2.8
4 0.7/4.9 6.4/4.2 0.0/7.8
5 2.1/2.8 6.4/2.1 0.0/3.5
6 7.8/0.7 28/6.4 0.0/0.7
7 1.4/2.1 0.0/5.7 0.0/7.8
SUBJECT L/R AXIAL COUPLED F/E - COUPLED BEND
NO. ROTATION ON L/R ROT. ON L/R ROT.
{ £ s.d.) { £ s.d) { £ s.d.)
1 0.7/1.4 0.0/4.2 1.4/4.2
2 4.2/4.2 9.9/4.2 4.2/9.9
3 4.2/71 2.8/2.8 4.2/4.2
4 4.2/0.7 0.7/2.8 1.4/0.7
5 0.7/70.7 3.5/4.9 14/1.4
6 4.2/2.8 1.4/7.1 2.8/5.7
7 1.4/6.4 7.8/7/1.4 3.5/4.9
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deviation on the mean of the two maximum values obtained. Five of the
subjects tested were female and 2 were male. Age range was 20 - 47
years. Since it is important for coupled motion to be as consistent as
possible when monitoring motion in three-dimensions, results of the

standard deviations for each of the coupled movements have also been

given.

Table 12.1 shows that in general, subjects were able to reproduce
movements quite accurately. Exceptions to this included the results from
subject no. 2 who when performing the movement of lateral bend
appeared able to achieve the maximum primary movement of left and
right accurately, but moved differently on each occasion to achieve that

position.

Asking subjects to repeat each movement more than twice did not resuit
in more accurate results, but did cause fatigue in the subject. For this
reason, subjects in all further studies were only asked to repeat each

movement twice.

The errors incurred when repeating tests on five female subjects (age
range 29 - 49) on three separate occasions have been given in Table
12.2. The standard deviations were again calculated on the mean of the

results obtained on each occasion.

The results from Table 12.2 again show repeatability to be fairly good.
The most easily repeated, and therefore most accurate movement
performed appeared to be that of lateral bend (including coupled
movements). When performing the movement of axial rotation some

subjects appeared to have difficulty in repeating the movement by
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moving their heads in the same manner, although they achieved a good

level of accuracy in the primary movement.

REPRODUCIBILITY OF CERVICAL RESULTS MEASURED ON THREE SEPARATE

TABLE 12.2

OCCASIONS
SUBJECT EXT/FLEX COUPLED BEND COUPLED ROT.
NO. { £ s.d.) ON EXT/FLEX ON EXT/FLEX
( £ s.d.) { = s.d.)

1 8.0/3.2 1.5/6.4 3.0/3.6
2 4.2/1.0 6.7/2.1 17.9/11.5
3 2.5/3.5 6.7/1.5 5.7/1.5
4 4.4/6.8 2.1/0.0 2.3/5.3
5 1.7/35 3.8/2.3 1.0/4.0
SUBJECT L/R LAT. COUPLED F/E COUPLED ROT.
NO. BEND ON L/R BEND ON L/R BEND

{ = s.d.) { £ s.d.) { £ s.d)
1 0.6/3.1 5.173.8 1.7/3.8
2 3.2/4.4 2.6/0.0 1.2/0.6
3 0.7/4.9 49/3.5 0.0/1.4
4 49/35 2.9/3.1 7.2/2.6
5 3.0/2.9 7.5725 3.1/1.0
SUBJECT L/R AXIAL COUPLED F/E COUPLED BEND
NO. ROTATION ON L/R ROT. . ON L/RROT.

{ £+ s.d) (£ s.d) { £ s.d.)
1 §.3/72.1 10.4 /8.5 5.3/2.1
2 6.4/5.0 25/5.0 45/6.2
3 26/5.3 7.5/11.2 13.7/7.0
4 2.0/1.5 6.1/3.0 1.0/4.6
5 1.7/2.3 4.6 /6.7 6.5/7.5

The margin of error obtained from these tests was incorporated into the

results obtained in the collection of the 'Normal' data.

From the results obtained from these two studies it appeared that

subjects were generally able to assume the same starting ‘neutral’
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position on a number of occasions. The neutral position was therefore
defined to be the most comfortable position for the subject, and the

position which they assumed when sitting straight.

12.4.2 Effect of age and gender on_cervical spine_motion

Details of the one hundred and thirty-five subjects tested in this section

are given in Table 12.3.

TJABLE 12.3
SUBJECT DETAILS

AGE GROUP MALES FEMALES

NO. MEAN SD NO. MEAN SD
18 - 29 14 26.5 2.3 17 24.6 2.5
30 - 39 18 35.3 2.7 15 33.9 3.5
40 - 49 16 44.5 2.9 15 43.4 2.0
50 - 66 15 55.0 4.6 21 53.1 2.2

Results of the maximum primary movements obtained for male and
female groups together with the accompanying secondary movements

are given in Tables 12.4 - 12.9. Significant differences between groups

were calculated using t-test statistics.

Tables 12.4 - 12.9 give the measurements as mean values = sd.
Negative coupled values indicate left bend or rotation, positive coupled

values indicate right bend or rotation. *, + and - indicate significant

differences between groups (P < 0.05)
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TABLE 12.4
PRIMARY FLEXION AND EXTENSION:- MALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
FLEXION LAT. BEND AXIAL ROT.
18 - 29 62.6 + 8.3 *t- 1.1 + 9.6 3.0 + 8.1
30 - 39 52.9 + 10.6 " 0.8 + 6.4 *-2.5 + 6.9
40 - 49 52.7 + 6.2 * -1.8 t 6.0 -0.3 + 8.2
50 - 66 52.3.+ 8.8 * -2.7 + 5.2 * 2.7 5.0
EXTENSION LAT. BEND AXIAL ROT.
18 - 29 61.6 + 10.2 *~ 5.4 + 11.9 -1.4 + 8.9
30 - 39 54.6 + 10.5 -0.9 + 10.9 2.2 + 7.7
40 - 49 53.5 + 10.3 0.9 + 10.0 -0.1 % 8.1
50 - 66 50.7 + 6.9 * 5.4 £ 7.6 -1.5 + 5.2
TABLE 12.5
PRIMARY FLEXION AND EXTENSION:- FEMALE SUBJECTS
AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
FLEXION LAT. BEND AXIAL ROT.
18 - 29 59.4 + 8.1 * -0.5 + 6.4 1.8 6.4
30 - 39 57.7 + 10.0 -0.1 % 7.3 1.3 + 6.2
40 - 49 55.5 + 9.6 -1.8 *+ 7.6 1.7 6.9
50 - 66 52.5 + 9.5 * 2.0 + 5.2 0.9 *+ 6.0
EXTENSION LAT. BEND AXIAL ROT.
18 - 29 61.1 + 9.0 -2.7 + 10.3 1.6 + 8.5
30 - 39 65.1 + 11.7 * *1.9+ 9.8 0.3 % 8.2
40 - 49 61.6 + 13.3 + 2.0+ 9.5 -0.3 % 8.0
50 - 66 56.6 + 9.0 * t*.5.6 + 9.2 0.2 + 6.4

178




TABLE 12.6
PRIMARY LATERAL BEND:- MALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT

RIGHT LAT. BEND FLEX/EXT AXIAL ROT.
18 - 29 42.1 + 10.2 * -5.9 + 6.5 | -8.3 + 13.0
30 - 39 38.7 + 5.1 % -6.3 + 8.3°-11.2 % 10.9
40 - 49 40.4 = 9.6 " -7.8 £ 12.3 | -7.6 + 12.8
50 - 66 34.0 + 6.9 *+- -6.5 + 8.0 [-11.1 % 12.9

LEFT LAT. BEND FLEX/EXT AXIAL ROT.
18 - 29 45.3 + 6.5 **~ -6.7 + 8.0 8.6 + 9.3
30 - 39 38.8 + 5.2 * -9.0 + 6.3 | 11.8 * 10.9
40 - 49 38.4 + 8.5 * -7.5 + 12.7 8.9 + 11.8
50 - 66 36.8 + 6.3 -8.6 + 10.9 | 10.2 * 11.5

TABLE 12.7

PRIMARY LATERAL BEND:- FEMALE SUBJECTS
AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT

RIGHT LAT. BEND FLEX/EXT AXIAL ROT.
18 - 29 44.9 + 9.1 -7.8 + 9.1 | -5.4 %+ 11.9
30 - 39 45.6 + 7.3 -7.8 + 7.6 | -9.5 % 11.7
40 - 49 44.1 + 9.1 -2.2 + 13.9 | -8.4 * 6.7
50 - 66 41.5 + 5.7 -5.0 + 9.8 |-10.8 * 14.1

LEFT LAT. BEND FLEX/EXT AXIAL ROT.
18 - 29 43.6 * 5.5 -5.0 + 8.6 5.4 + 11.8
30 - 39 42.7 + 5.6 -4.9 + 6.7 | 12.6 * 10.0
40 - 49 42.5 + 7.1 -4.4 + 10.3 7.9 + 11.1
50 - 66 40.1 + 5.4 -0.9 + 10.2 7.3 + 12.4
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TABLE 12.8
PRIMARY AXIAL ROTATION:- MALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT

RIGHT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 75.8 + 7.7 ** 0.4 + 12.9 | 4.1 % 12.9
30 - 39 72.3 + 8.7 -7.3 + 13.9 2.3 + 17.3
40 - 49 67.4 + 10.2 * 2.5 + 13.0 7.4 + 14.8
50 - 66 69.8 + 6.0 7 0.1 + 9.8 6.3 + 13.4

LEFT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 79.1 + 9.4 ** -5.6 + 11.5 | -8.9 % 14.8
30 - 39 70.8 + 9.8 * -7.4 + 15.0 | =-2.9 + 13.2
40 - 49 71.8 % 10.3 -1.0 + 11.3 | -8.6 % 14.8
50 - 66 70.5 + 9.0 *t -3.5 + 9.8 | -6.5 * 14.7

TABLE 12.9

PRIMARY AXIAL ROTATION:- FEMALE SUBJECTS
AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT

RIGHT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 68.8 + 7.3 * -6.5 + 13.1 | -4.8 * 16.9
30 - 39 75.9 + 6.5 ** -9.5 % 12.9 | -2.3 + 14.3
40 - 49 71.8 + 7.6 -12.4 + 16.5 | -9.5 + 18.1
50 - 66 67.2 + 11.7 ¥ -12.8 # 11.5 |-12.3 # 15.4

LEFT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 71.4 + 9.5 * -7.9 + 14.5 | -0.5 + 21.4
30 - 39 76.5 + 7.4 *~ -8.1 + 13.4 2.5 + 17.8
40 - 49 70.4 + 9.8 *= -12.4 + 12.9 7.4 + 16.3
50 - 66 63.8 + 8.0 *°% -12.6 + 11.4 9.8 + 13.6
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Since no significant differences were found to exist between left and
right lateral bend and left and right axial rotation movements were

combined. Table 12.10 gives the results of combined primary movements

for male and female groups.

TABLE 12.10
COMBINED PRIMARY MOVEMENTS

AGE GROUP PRIMARY MOVEMENT
FLEX/EXT LAT. BEND AXIAL ROT.
FEMALE
* * *
18 - 29 120.4 * 11.0 88.5 + 10.2 | 140.2 * 15.4
30 - 39 122.7 + 14.0 = 88.3 + 10.5 | 152.4 + 12.1/<
40 - 49 117.1 *+ 15.5 86.6 + 15.0 | 142.2 + 14.6 —
50 - 66 109.1 + 11.6 *~ *81.6 *+ 9.6 131.0 + 16.8 /-
MALE
* e * *4
18 - 29 124.2 * 13.2 87.4 + 15.0 | 154.9 + 15.5
30 - 39 106.2 + 13.5 * +78.0 + 9.2 144.4 + 16.6
40 - 49 106.2 + 13.8 " 78.8 + 17.3 | 139.2 + 17.2 *
50 - 66 101.4 + 12.3 / **68.7 + 13.0 | 139.1 + 12.3 T

*, -, I, =, denote significant differences between age groups in either the
male or female groups tested. For example females in the 18 - 29 age

group have significantly more flexion/extension and lateral bend than

females in the 50 - 66 age group.

Table 12.11 gives the significant differences between male and female

age groups tested.
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JABLE 12.11
SIGNIFICANT DIFFERENCES FROM T-TESTS BETWEEN MALE AND FEMALE GROUPS

PRIMARY MOVEMENT AGE GROUP SIGNIFICANT SIGNIFICANT
DIFFERENCE MOVEMENT
EXTENSION 30 - 39 F>M . EXTENSION
50 - 66 F>M EXTENSION
50 - 66 M>F COUPLED BEND
FLEXION 50 - 66 F>M COUPLED BEND
FLEXION + EXTENSION 30 - 39 F>M FLEX + EXT
40 - 49 F>M FLEX + EXT
R. LATERAL BEND 30 - 39 F>M R. BEND
50 - 66 F>M R. BEND
L. LATERAL BEND 50 -~ 66 M>F COUPLED F/E
L + R LATERAL BEND 30 - 39 F>M L + R BEND
50 - 66 F>M L + R BEND
R. AXIAL ROTATION 20 - 29 M>F R. ROTATION
40 - 49 M>F COUPLED F/E
M>F COUPLED BEND
50 - 66 M>F COUPLED F/E
M>F COUPLED BEND
L. AXIAL ROTATION 20 - 29 M>F L. ROTATION
40 - 49 M>F COUPLED F/E
M>F COUPLED BEND
50 - 66 M>F COUPLED F/E
F>M COUPLED BEND
L + R ROTATION 20 - 29 M>F L + R ROTATION
50 - 66 M>F L + R ROTATION

In order to assess the extent of coupling between movements chi-

squared analysis was conducted (Table 12.12)
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JABLE 12.12

CHI-SQUARED ANALYSIS ON COUPLING OF MOVEMENTS IN MALE AND FEMALE GROUPS
TESTED
(analysis between +ve and -ve values obtained)

COUPLED SEX SIGNIFICANCE +-VE - VE ZERO
MOVEMENTS % % %
Bend on Ext. M NS 49.2 31.7 19.1
F NS 34.7 48.6 16.7
Twist on Ext M NS 50.8 41.3 7.9
F NS 41.7 47.2 11.1
Bend on Flexion M NS 36.5 42.9 20.6
F NS 40.3 37.8 22.2
Twist on Flexion M NS 42.9 41.3 15.8
F NS 47.2 33.3 19.5
Flex/Ext on R. Bend M P < 0.0005 15.9 76.2 7.9
F P < 0.0005 22.2 69.4 8.4
Flex/Ext on L. Bend M P < 0.0005 14.3 79.4 6.3
F P < 0.025 30.6 55.6 13.8
Twist on R. Bend M P < 0.0005 17.5 76.2 6.3
F P < 0.0005 16.7 80.6 2.7
Twist on L. Bend M P < 0.0005 77.8 14.3 7.9
F P < 0.0005 73.6 19.5 6.9
Flex/Ext on R Twist| M NS 39.7 54.0 6.3
F P < 0.0005 12.5 77.8 9.7
Flex/Ext on L Twist M P < 0.005 25.4 63.5 11.1
F P < 0.0005 16.7 80.6 2.7
Bend on R. Twist M NS 50.8 30.2 18.0
F P < 0.0005 20.8 69.4 9.8
Bend on L. Twist M P < 0.0005 27.0 61.9 11.1
F P < 0.0005 63.9 25.0 11.1

N.B. Significance has been taken to be at P < 0.05
Negative values imply extension, right lateral bend or axial rotation.
Positive values imply flexion, left lateral bend or axial rotation.

Zero: Implies a reading of £ 1 or O was obtained.
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In order to determine the relative numbers 6f subjects who exhibited
motion patterns which might be expected as the 'norm' (Mimura et al;
1989), figure 12.1 was constructed. This figure shows that for the
primary movement of axial rotation 13% of subjects showed coupling of
both flexion and lateral bend in the opposite direction to that eXpected,
whereas 40% had coupling of both extensioh and ‘lateral bend in the
direction that would be expected. For the movement of lateral bend
approximately 69% of subjects had coupling of axial rotation in the same
relative direction, 48% had both extension and axial rotation (in the same
relative direction as the primary movement) and only 1.5% had a

combination of flexion and opposite axial rotation on lateral bend.

12.5 DISCUSSION

Two kinds of coupled motion are well known in the cervical spine,
(Fielding, 1957; Penning, 1978; White and Panjabi, 1978), namely
coupling of axial rotation in the same direction as lateral bending, and
coupling of lateral bending in the same direction as axial rotation. Lysell
(1969) found a coupled rotation of 28° associated with 45° Iateral
bending in cadaveric specimens, and an over all average lateral bending

of 15.1° when rotating to either the left or right.

In a study by Mimura et a/ (1989) twenty 'normal’ men aged between 25
- 31 had the range of rotation in their cervical spine studied using
biplanar roentgenograms. It was found that when the head was rotated,
lateral bending occurred by coupling in the same direction as rotation at
each segment below C3-C4, and in the opposite direction at each
segment above C2-C3. Flexion was found to accompany rotation at each

segment below C5-C6, whilst extension accompanied rotation at each
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level above C4-C5. This finding was seen to be consistent with results
obtained by Hayashi et a/ (1983) in which osteophytes were seen to

develop posteriorly above the C4-C5 level and anteriorly below the C5-

C6 level.

In Mimuras' study axial rotation between the occiput and C2 was found
to be approximately 75.2 degrees (70% of total cervical rotation), which
was accompanied by 14.0° + 5.9° extension. Each level below this was
found to have ;m average of between 4.2 and 7.4 degrees of rotation,
accompanied by approximately 2 - 32 extension (or flexion, depending on
the level assessed). Alund and Larsson (1990) conducted a study in
which movement of the cervical spine was monitored using
electrogoniometric equipment and found rotation to the left and right to
be accompanied by 5 *+ 49 and 3 + 59 of lateral bending respectively,
whilst lateral bending to the left and right was accompanied by 22 =+

13% and 26 = 129 axial rotation respectively.

According to this study, a significant degree of overall extension was
seen to accompany the primary movement of axial rotation. From
Mimuras' study an overall average extension of 14.6 = 10.1 degrees
might be expected to accompany the primary movement of axial rotation
to the left or right. However this study showed there to be an overall
coupled extension of 6.3 + 13.6 degrees to the right and 7.9 + 12.5
degrees to the left. In Trott et a/'s (1991) study 13.9° + 10.6°
extension accompanied left axial rotation and 14.0° =+ 7.2°
accompanied right axial rotation. Trotts results appear be more in
agreement with those of Mimura et a/ (1989). Movements conducted in
this study, unlike those in Trotts study were however designed to make

coupled movements a minimum which could explain why smaller values
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were obtained.

In Mimuras study 15.1 + 17.3 degrees of lateral bend accompanied axial
rotation to either the left or the right compared with values of 8.8 +
10.6° to the left and 11.3 + 8.6° to the right from Trotts study, and 1.9
+ 16.4 to the left and 0.2 + 16.7 to the right from this study.

Comparing the values from this study with those of Alund and Larsson
and Trott et a/ for coupled movements on the primary movements of

lateral bend and axial rotation gives the following results:

MOVEMENT THIS STUDY TROTT ET AL ALUND & LARSSON
Ext on 1. lat bend 5.8 ¢+ 9.6 2.5 % 6.9 | eeeeecee--
Ext on r. lat bend 6.0 £ 9.8 - 11.4 2 9.7 || e—eececemace-a
Rot on 1. lat bend 8.9 £ 11.0 5.1 £ 9.3 26 * 12
Rot on r. lat bend -9.1 * 11.6 -11.5 * 7.9 22 + 13
Ext on 1. rot 7.9 ¢ 12.5 13.9 £ 10.6 | mmcecce—e-
Ext on r. rot 6.3 * 13.6 14.0 £ 7.2 | @ eemeeeee——-
Lat bend on 1. rot -0.2 £ 16.7 8.9 * 10.6 3+ 5
Lat bend on r. rot -1.9 % 16.4 -11.3 * 8.6 5+ 4

N.B. Where results are negative this indicates right axial rotation or

lateral bend, positive indicates left axial rotation or lateral bend.

The resuits from Trotts study and those from this study appear, in
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general, to give similar results the exceptions being for coupled lateral

bend on rotation which was not significant in this study.

In general lateral bending was seen to be coupled with axial rotation to
the same side ie. right lateral bending was accompanied by axial rotation
to the right which is in agreement with the findings of-Chao et a/ (1989),
Trott et a/ (1991) and Alund and Larsson 1990). Axial rotation was not

found to have any significant degree of coupling other than that of

extension.

The results from figure 12.1 imply that lateral bending might be a better
clinical indicator than axial rotation of abnormal cervical motion with only
5% of subjects having coupling of axial rotation in the opposite direction
to that which would be expected, and 1.5% of subjects exhibiting
patterns of both coupled sagittal motion and rotation in the opposite
direction to that expected. It does not necessarily follow that 'normal’
motion can be defined as lateral bending coupled by extension and axial
rotation in the same relative direction, as only 48% of subjects exhibited
this pattern, with the others having a combination of coupled extension,

flexion and lateral bending movements.

Mean ratio between extension and lateral bend and axial rotation and
lateral bend Was 0.14 and 0.22 respectively, this corresponds to values
obtained by Trott of 0.15 and 0.13. Mean ratio between extension and
axial rotation and lateral bend and axial rotation from this study was 0.10
and 0.01 compared with values of 0.18 and 0.13 from Trotts study and
0.28 and 0.29 from Mimuras study. Alund and Larssons result of a ratio
of 0.05 between coupled lateral bend on axial rotation does however

appear more in agreement with the results of this study. Trotts study
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also showed that coupling of movement occurred for the primary
movements of flexion and extension whereas this study has shown
flexion and extension to be pure movements ie. not accompanied by any

significant degree of either lateral bending or axial rotation.

In a recent study conducted by Dvorak et a/ (1992) the CA 6000 Spine
motion analyser was used to monitor the cervical spines of 150
asymptomatic 'Normal’ subjects. Subjects were split into male and
female groups which were then sub-divided into age groups (20 - 29, 30
- 39, 40 - 49, 50 - 55, 60+). In the tests passive rather than active
movements were analysed as these were seen to give a larger maximum
range of motion with smaller associated standard deviations. (Obviously
when analysing coupled motion patterns active rather than passive
movement would need to be assessed). Dvorak found that the overall
tendency was for the range of movement to decrease with age with the
most dramatic change being observed between the 30 - 39 and 40 - 49
age groups. He also found women in the 30 - 39 age group to have a
greater range of lateral bend than their male counterparts, and that men
in the 30 - 49 age groups had a greater range of axial rotation than
women in corresponding age groups. In contrast the results from this
study, in which active cervical spine motion was monitored, showed
women in the 30 - 49 age groups to have significantly more flexion +
extension than males, females in the 30 - 39 and 50+ age groups to
have a greater range of lateral bend than males, and males in the 20 - 29

and 50+ age groups to have a greater range of axial rotation than

females.

“This study has been shown to give results for the maximum range of

movement in the primary plane of motion of approximately the same
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order of magnitude as a number of other studies using different methods

of monitoring motion in the cervical spine, Table 12.13.

In 1961 Ferlic monitored the range of cervical movemeht of one hundred
and ninety-nine 'normal’ subjects between 15 and 74 years of age. He
found that the ranges of fiexion + extension, lateral bend and axial
rotation decreased by approximately 17%, 23% and 15% respectively
between the 15 - 24 and 55 - 64 age groups and by approximately 9%,
16% and 11% between the 25-34 and 55-64 age groups compared with
reductions of approximately 11%, 15% and 10% between the 18-29 and

50-66 age groups tested in this study.

The general observation from this study is that range of motion
decreases with age (figure 12.2). The rate at which loss occurs in males
appears to be greater than that of females for the movement of lateral
bend, aithough range of rotation for women appears to decrease at a
faster rate than that for men. The sharpest change in range of movement
appears between the 18 - 29 and 30 - 39 age groups in men although it

appears to be a more gradual loss in women.

The reasons for these observations could be due in part to the
occupations of those subjects studied. The majority of females studied
were secretaries (95%) with the other 5% being students or post-
graduates within the University. The majority of the males studied were
technicians (75%) with the other 25% being either students or post-
graduates. Whilst all the men in the 18 - 29 age group studied were
students and those in the 30 - 39 age group were mainly technicians the
majority of females in all age groups were secretaries, the change in

range of movement between males in the 18 - 29 age group and other
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JABLE 12.13

RANGE OF CERVICAL SPINE MOTION

AUTHOR AGE GRP FLEX/EXT LAT. BEND AXIAL ROT.

(METHOD) (No.) .

Present study 18 - 66 F 55.5 (9.5) L41.5(6.7) L 71.3(9.9)

{Isotrak) (135) E 58.0{11.0) R 41.0(8.1) R 70.9 {8.9)

Present study 18- 29 F 60.8 {8.2) L44.4(7.9) L 74.9(10.1)

(isotrak-subset) (31) E61.3 (9.4) R 43.7 (6.0) R 72.0 (8.2}

Chao er a/ Adults F 58.9 (9.7) L47.7 (10.5) L 78.7 (9.9)

{Isotrak) {20) E 65.8 {14.2) R 46.6 (7.0) R 75.1 (7.8)

Trott et af 20-29 F 57.5 (7.6) L 45.5 (5.7) L71.7 (6.0)

(Isotrak) (30) E 76.1 (9.6) R 47.9 (4.8) R 78.0 (6.2)

Alund et &/ 24 - 58 140 (18) L 45 (6) L74 (11)

(Electro-gonio) (10} R 46 (7) R 78 {9)

Bennett er 8/ 18 - 24 147.6 (12.2) D 151.016.1)

{Bubble-gonio) {50F)

Buck et a/ 18- 23 Male F 66 (8) —eeeeeen Male R 72 (5)

(Bubble-gonio) (47M) E 73 (9) —meeeee L 74 (4)
: (53F) Female F63 (10} ~eeeeees Fem. R 73 (6)

E81(9) W ceeeeee- L 74 (4)

Leighton et a/ 18 127 {15) 881(17) 159 (22)

{Gravity-gonio) {100)

Dvorak et a/ 17 -49 B — B L76.4

(CT (9) R67.4

Penning er a/ 20- 26 E cnn P SR 144.4

(CT) (26) (122 - 168)

Ferlic et 8/ 15-74 127 {19.5) 73 (15.6) 142 {17.1)

(Protractor) (199)
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age groups might therefore be expected to be greater than those of the

females whose occupations did not vary as much.

Schoening and Hannan (1964) conducted a study to try and determine
some of the factors which affected spinal mobility and also found age to
be one of the factors involved as well as finding that range of motion
decreased with increased musculature, which might help to explain why
the males tested who were involved in more 'active' occupations than
the females generally appeared to have less movement (although this did

not reach statistical significance in all groups).

Grays anatomy states that the adult females skull is a little lighter and
smaller than that of a male, we might therefore expect to observe
degeneration in the cervical spine of the male sboner than that in the
female due to the increased loading. A study by Milne (1991) however
did not find any significant association between sex and pathology,
although it did show that the male and female vertebral specimens were
significantly different when measuring the linear dimensions of facet
width in the transverse and sagittal planes, biuncinate diameter and
vertebral body depth, where male dimensions were larger than those of

the women.

In Milnés study it was seen that the vertebra of C3 and C4 both had
inturned superior articular facet joints which 'would function to block
pure axial rotation'. The lower vertebra were seen to have
‘zygopophyseal joints with interfacet orientations similar to the thoracic
vertebrae’'. The results seen from Milnes study help explain why Lysell
(1969) found the ratio of the coupled motions of lateral bend and axial

rotation in the upper cervical spine to be more constant than that in the
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lower cervical spine. Milne hypothesized that the interfacet angle was
responsible for controlling how strictly lateral bending and axial rotation
were coupled, so that in the upper cervical spine the in-turned facets
would mean that pure axial rotation was not possible, and that the
movement would have to be a combination of lateral bending and axial
rotation whilst in the lower cervical spine the change in facet angle

would mean that the coupling of axial rotation with lateral bending was

not so strong.

If this is infact the case we might expect to see obvious changes in the
pattern of movement of a patient with ankylosing spondylitis compared
to that of a 'Normal' subject, where ankylosis in the cervical region

generally starts at the base of the region and works upwards.
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CHAPTER 13

RANGE OF CERVICAL MOTION IN PATIENTS WITH ANKYLOSING
SPONDYLITI

13.1 INTRODUCTION

As mentioned in Chapter 12 there have been a number of studies in
which cervical spine movement has been monitored in three-dimensions.
Studies in which intersegmental movement has been monitored include
those of Mimura et al (1989) and Penning and Wilmink (1987). Since
ankylosing spondylitis tends initially to affect the mid and lower cervical
regions, measurement of cervical movement should help to determine the

extent of involvement (Beetham et a/, 1966).

In the "'normal’ cervical spine the tendency is for extension and lateral
bending to accompany axial rotation (lateral bending in the same
direction as axial rotation). The results from Chapter 12 showed that for
the primary movement of lateral bend, 48% of subjects had both coupled
extension and rotation in the same direction as the primary movement,
whilst only 1.5% had flexion and lateral bending in the opposite direction

to that of the primary movement.

The importance of monitoring cervical mobility in patients with ankylosing
spondylitis has shown from a study conducted by Daltroy et a/ (1930) in
which 44 patients with spondylitis were evaluated by the Health
Assessment Questionnaire - S (HAQ-S) and measures of spinal flexibility
were obtained. The results of their study showed that neck rotation was

the movement which correlated most strongly with the HAQ-S which
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they suggested implied ‘an important role for this measure in clinical

management and follow-up of spondylitis'.

Movements both in the primary plane of motion and the accompanying
secondary (or coupled) motions in the cervical spine have been shown to
vary in their magnitude depending on the area that is under observation
(Mimura et a/ 1989). In patients with ankylosing spondylitis with cervical
involvement we might therefore expect to see changes in both the range

and coupling of movements compared with the 'normal’ values obtained.

The aim of this study was to measure the range of cervical movement of
a group of patients with ankylosing spondylitis, in order to try to assess

how their movement range and pattern altered from the 'norm’.

13.2 METHOD

The method used was that detailed in Chapter '11. Sixty-four patients
with ankylosing spondylitis were studied, and their details have been
given in Table 13.1. Figures 13.1 - 13.3 show the typical movement

patterns obtained for patients.
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TABLE 13.1

PATIENT DETAILS

MALE
DETAILS 20 - 29 30 - 39 40 - 49 50 +
NO. IN GROUP g 12 10 13
MEAN AGE 26 * 1.6 [34.8 * 3.1{43.6 + 2.6|57.6 + 8.1
NO. OF YEARS (5.1 + 3.4}10.2 * 7.2/18.1 * 8.0[21.0 * 10
SINCE ONSET
NO. OF YEARS (2.9 * 3.1 4.7 * 4.1| 8.9 *# 2.7/10.3 % 10.
SINCE DIAG.
FEMALE
NO. IN GROUP 1 8 7 5
MEAN AGE 26 34.5 £ 2 45.0 * 3.6(54.0 * 1.6
NO. OF YEARS 5.0 10.5 £ 6.1]13.4 *+ 8.5(|24.4 + 6.7
SINCE ONSET
NO. OF YEARS 1.5 5.4 = 3 4.9 * 3.4|13.0 £ 7.9
SINCE DIAG.
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13.3 RESULTS
13.3.1 Effect of age and gender

Results of the maximum primary, and associated coupled movements for
flexion, extension, lateral bend and axial rotation‘ for the patient groups
studied have been given in Tables 13.2 - 13.7. Since results obtained
were non-parametric measurements given in Tables 13.2 - 13.7 are
.median values (95% confidence interval limit). Negative coupled values
indicate extension, right bend or rotation, + ve coupled values indicate

flexion, left bend or rotation.

*, +, - and \ denote significant differences obtained from Mann-Whitney
tests between age groups. For example in Table 13.2 the 30 - 39 and 40
- 49 age groups have significantly different values of flexion (+) and

coupled lateral bend (*).
TABLE 13.2

PRIMARY FLEXION AND EXTENSION: MALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
FLEXION LAT. BEND AXIAL ROT.
20 - 29 55.5 (27,83) * 3.0 (-27,12) -1.5 (-11,5)
30 - 39 55.5 (48,69) TT |-3.0 (-13,25) * |-1.0 (-10,14)
40 - 49 43.0 (29,67) *\ 2.0 (-8,6) ** |-2.5 (-9,7)
50 - 66 29.0 (1,68) *~\ | 0.0 (-12,3) * |-1.0 (-s,5)
EXTENSION LAT. BEND AXIAL ROT.
20 - 29 60.0 (27,79)*% -7.0(-24,10) ** |-1.5 (-7,14)
30 - 39 50.5 (28,64)"\ -3.0(-33,43) *~\|-1.0 (-18,21)
40 - 49 26.5 (17,63)*" -2.0 (-25,9) " 2.0 (-6,16)
50 - 66 26.0 (1,59) *\ 2.0 (-8,12) *\ [-1.0 (-8,11)
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TABLE 13.3
PRIMARY FLEXION AND EXTENSION: FEMALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
FLEXION LAT. BEND AXIAL ROT.
18 - 29 69.0 ( =---) -2.0 ( === ) ([-11.0 ( =---)
30 - 39 55.0 (33,80) 2.0 (-30,32) | 3.5 (-12,9)*
40 - 49 40.0 (12,69) 3.0 (-12,29) |-1.0 (-4,8) *
50 - 66 53.0 (22,64) -3.0 (-12,7) 2.0 (-4,6)
EXTENSION LAT. BEND AXIAL ROT.
18.~- 29 | 81.0 ( ---) -11.0 ( === ) | 7.0 ¢ === )
30 - 39 32.5 (22,71) -3.0 (-13,7) 0.0 (-4,18)
40 - 49 50.0 (2,78) 10.0 (-31,24) |-6.0 (-24,9)
50 - 66 42.0 (22,56) 0.0 (-7,12) 1.0 (-23,2)
TABLE 13.4

PRIMARY LATERAL BEND: MALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
RIGHT LAT. BEND FLEX/EXT AXIAL ROT.

18 - 29 41.5 (13,55) ** |-3.0 (-24,9) -10.5 (-28,3)**

30 - 39 30.0 (8,63) -4.5 (-11,8) 1.5 (-35,12)

40 - 49 23.0 (5,39) * 1.5 (-22,6) 5.5 (-30,21)%

50 - 66 9.0 (3,47) Y~ |-3.0 (-6,19) -1.0 (-13,11)%
LEFT LAT. BEND FLEX/EXT AXIAL ROT.

18 - 29 46.5 (13,60) ** [-10.5 (-30,6)*"| 5.0 (-6,18)

30 - 39 28.5 (3,63) 3.0 (-8,8) * | 2.0 (-8,23)

40 - 49 18.0 (7,36) * -1.0 (-28,4) |-2.0 (-15,37)

50 - 66 9.0 (1,45) *~ -1.0 (-8,5) * |-2.0 (-8,19)
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JABLE 13.5
PRIMARY LATERAL BEND: FEMALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
RIGHT LAT. BEND FLEX/EXT AXIAL ROT.
18 - 29 44.0 (---) 10.0 (---) 20.0 (=---)
30 - 39 28.5 (7,46) 5.0 (-15,22) |-4.5 (-31,10)
40 - 49 23.0 (2,61) 1.0 (-14,9) |[-9.0 (-17,6)
50 - 66 32.0 (22,48) 8.0 (0,29) -4.0 (-19,5)
LEFT LAT. BEND FLEX/EXT AXIAL ROT.
18 - 29 39.0 (---) 2.0 (==--) -26.0 (=---)
30 - 39 26.0 (2,51) -1.0 (-16,12) [-0.5 (-13,29)
40 - 49 18.0 (1,37) 2.0 (-16,6) 4.0 (-7,24)
50 - 66 35.0 (11,49) 2.0 (-2,6) 11.0 (-9,22)
TABLE 13.6

PRIMARY AXIAL ROTATION: MALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
RIGHT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 77.5 (47,95) ** 4.0 (-21,28)| 0.0 (-18,26)
30 - 39 67.0 (39,89) "\ 10.5 (-49,51)| 1.5 (-30,32)
40 - 49 52.0 (19,75) *~ 2.5 (-10,18)| 4.0 (-9,24)
50 - 66 38.0 (6,77) *\ 1.0 (-21,39)| 9.0 (-26,20)
LEFT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 77.0 (32,93) * -2.0 (-17,27)|-2.5 (-24,20)
30 - 39 72.5 (31,107)%" -1.0 (-10,33)|-14.0(-48,51)
40 - 49 59.5 (23,77) * 3.0 (-13,9) | -6.0 (-28,9)
50 - 66 37.0 (2,84) *~ 0.0 (-20,23)|-11.0(-27,30)

203




TABLE 13.7

PRIMARY AXIAL ROTATION: FEMALE SUBJECTS

AGE GROUP PRIMARY MOVEMENT COUPLED MOVEMENT
RIGHT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 81.0 (---) -25.0 (---) -19.0 (---)
30 - 39 63.5 (24,85) -2.0 (-15,20)[-7.5 (-23,12)
40 - 49 53.0 (6,90) 6.0 (-26,46)| 0.0 (-18,20)
50 - 66 67.0 (57,69) 11.0 (-24,15)|-9.0 (-37,-2)
LEFT AXIAL ROT. FLEX/EXT LAT. BEND
18 - 29 77.0 (---) -11.0 (---) -28.0 (---)
30 - 39 60.0 (30,90) -3.0 (-19,25)| 10.5(-23,20)
40 - 49 45.0 (6,85) -5.0 (-39,39)| 3.0 (-27,22)
50 - 66 61.0 (55,74) 1.0 (-9,9) 6.0 (-15,17)

Table 13.8 gives a summary of the median maximum values and the
959% confidence interval limits for each of the primary movements
performed. Lateral bend and axial rotation have been given as the sum of
movements to both the left and right as no significant differences were

found between the two movements.
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TABLE 13.8
EFFECT OF AGE AND GENDER ON PRIMARY MOVEMENTS

AGE GROUP FLEXION EXTENSION | LATERAL AXIAL
BEND ROTATION
MALE
20 - 29 56 (38,76) | 59 (43,70) | 87(58,102)| 155 (116,173)
30 - 39 58 (50,65) | 50 (41,56) | 60 (39,86)| 138 (116,158)

40 - 49 44 (37,54) 31 (21,44) 44 (26,60)| 102 (76,129)

50 + 29 (18,44) | 26 (16,38) | 31 (12,52)| 82 (52,110)
| FEMALE

20 - 29 | 69 (--——- ) 81 (--——- )| 83 (--——- )| 158 (---—- )

30 - 39 | 55 (38,70) 39 (27,59)| 52 (15,79)| 117 (77,156)

40 - 49 | 43 (25,58) | 49 (25,66)| 42 (14,75)| 108 (49,146)

50 + 51 (22,64) | 40 (22,56)| 65 (42,97)| 128 (112,135)

Mann-Whitney statistics were used to determine any significant

differences between males and females of the same age group (Table

13.9)

TABLE 13.9
DIFFERENCES BETWEEN MALE AND FEMALE PATIENT GROUPS

PRIMARY MOVEMENT AGE GROUP SIGNIFICANT MOVEMENT
EXTENSION 30 - 39 COUPLED LATERAL BEND
LATERAL BEND 50 + R. LATERAL BEND

COUPLED FLEX. ON R. BEND

AXTAL, ROTATION 50 + R. AXIAL ROTATION

50 + COUPLED BEND ON R. ROT.
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Since no major differences were observed between male and female
groups the data were combined in order that age differences might be
looked at in more detail. Resuits for the primary movements obtained are

given in Table 13.10.

TABLE 13.10

SIGNIFICANT DIFFERENCE IN MEDIAN RANGE OF MOTION DETERMINED BY AGE
- A.S. PATIENT GROUP

COMBINED MALE and FEMALE ANKYLOSING SPONDYLITIS GROUPS
AGE GROUP FLEXION EXTENSION LATERAL AXIAL
BEND ROTATION
20 - 29 59 (44,76)" |60 (44,71)**(87 (58,99)**/|156(118,172)**
30 - 39 57 (51,63)* |46 (39,54)/ |57 (39,75) / [131(110,149)/
40 - 49 43 (37,51)*/|39 (27,50)* |42 (29,56) * |105 (82,124)*
50 + 35 (25,46)*/ |30 (21,39)%/|39 (25,56) * |96 (72,123)*/

In Table 13.10 *,+,=,/ denote significant differences between age
groups (P < 0.05). Values given are median (95% confidence interval

limit).

Range of motion in the 20 - 29 age group was significantly greater than
that in the 50 + age group for all movements performed, and was

greater for all movements other than flexion in the 40 - 49 age group.

Figures 13.4 and 13.5 show how the range of movement decreased with

age after allowing for 'normal' aging.
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To see whether there was a significant correlation between all primary
movements performed, correlation coefficients were calculated.
(Correlation coefficients for the 'normal’ subjects monitored in chapter 12

have also been given as a comparison):

MOVEMENT CORRELATION SIGN. REGRESSION EQUATION

A.S. PATIENTS

Ext. & Flexion 0.739 P < 0.001 Ext = 4.2 + 0.8xFlex
Ext. & Lat. Bend 0.622 P < 0.001 Ext = 21.4 + 0.4xLatBend
Ext. & Axial Rot. 0.815 P < 0.001 Ext = -0.2 + 0.4xRot
Flex. & Lat. Bend 0.552 P < 0.001 Flex = 30.8 + 0.3xl.atBend
Flex. & Rot. ' 0.789 P < 0.001 Flex = 9.4 + 0.3xRot

Lat. Bend & Rot. 0.797 P < 0.001 LatBend -14.5 + 0.6xRot

NORMAL SUBJECTS

Ext. & Flexion C.073 N.S.

Ext. & Lat. Bend 0.436 P < 0.001 Ext = 29.4 + 0.3xLatBend
Ext. & Axial Rot. 0.330 P < 0.001 Ext = 26.4 + 0.2xRot
Flex. & Lat. Bend 0.307 P < 0.001 Flex = 37.9 + 0.2xLatBend
Flex. & Rot. 0.205 P < 0.05 Flex = 38.3 + 0.1xRot
Lat. Bend & Rot. 0.401 P < 0.001 LatBend = 34.0 + 0.4xRot

The correlation between primary movements for patients was in general
much higher than that for the 'normal' subjects. The lowest correlation
between movements was between flexion and lateral bend (r= 0.552)

and the highest between that of extension and axial rotation {(r= 0.815).

13.3.2 Coupled motion in A.S. groups

In order to determine whether the coupled movements were significant s-
tests were conducted on the patient data (this was again conducted on
combined male + female groups). No significant degree of coupled
motion on any primary motion was observed. Since, however patients

with ankylosing spondylitis do not always have cervical spine
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involvement and X-rays were not available for'the majority of those seen
it was decided to sub-divide the group into those whose range of motion,
in all three-planes, fell within the normal range and those who fell outside
it (mean - 2 s.d.). This was done since movement patterns might have

been obscured by putting all patients into the same group.

Twenty-four patients had completely normal range of motion, compared
with the 'normal’ database obtained in Chapter 12, 23 had limitation in
all three planes, 13 had limitation in two planes, of which one was lateral
bending, and 4 had limitation in one or two planes, neither of which was

lateral bending.

In order to determine whether there were significant differences between
the 'Normal' A.S. group studied and the restricted groups Mann-Whitney
statistical analysis was applied to all movement measurements obtained.
The restricted group was initially divided into three groups: 'Rest x 3':
those with restriction in all three planes, 'Rest x 2': those with restriction
in' two or more planes one of which was lateral bending, 'others': those
who did not fall into either of the above two categories. Statistical
analysis showed no difference in those movements of either groups 'Rest
x 3' or 'Rest x 2' other than for the primary movement of right lateral
bend. However, when left and right lateral bend were combined, no
significance was seen in the movement of the two groups, although the
median value for the 'Rest x 3' group (median: 16.0; confidence interval
14.5 - 31.0) was considerably less than that of the 'Rest x 2' group
(median: 43.0; confidence interval 20.9 - 51.6). Due to the lack of
differences between these two groups they were combined. Table 13.11

gives the statistically significant results for the coupled movements

obtained.
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TABLE 13.11

SIGNIFICANT DIFFERENCES BETWEEN COUPLED MOVEMENTS OF 'NORMAL' A.S.
GROUP AND THOSE WITH RESTRICTION OF MOVEMENT - Mann-Whitney

MOVEMENT 'NORMAL' GROUP RESTRICTED GROUP SIGN.
F/E on R. rotation -4.0 (-10.0,10.8) 6.0 (1.3,15.0) P < 0.01
F/E on L. rotation -5.0(-9.8,17.0) 3.0 (-1.0,5.0) P < 0.05
Lat. bend on R. rot -3.0 (-11.8,5.2) 3.0(-0.7,12.7) P < 0.05
Lat. Bend on L. rot 0.0(-9.8,17.0) -9.0 (-16.0,0.0) P < 0.05

-

Negative values imply coupling of extension or right lateral bend, positive

values imply coupling of flexion or left lateral bend.

As the above Table shows the only significant change in the pattern of
movement performed was for that of axial rotation where the restricted
group showed a greater tendency towards coupled flexion on axial
rotation, and a greater tendency towards opposite lateral bend on axial

rotation (ie. left lateral bend coupled with right axial rotation).

13.3.3 Comparison between 'Normal' and A.S. cervical spine movement

In order to compare the results obtained from the 'Normal' subjects
studied in Chapter 12 and the results obtained for the patients in this
study twosample t-test statistics were used. This method of statistical
analysis was used instead of the Mann-Whitney (two-sample rank test)
as the data sets appeared to have different shapes, and different
standard deviations. It was recommended as being the most appropriate
form of statistical analysis as it assumes less about the populations ie.
does not assume the populations have equal variances, and- therefore

gives a more conservative estimate of significance. Patients were again
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split into groups; those patients who exhibited 'normal’ fange of motion
in all three planes ('Normas’), those whose motion was restricted in all
three planes of motion ('Rest x 3'), those whose motion was restricted in
2 planes one of which was lateral bending ('Rest x 2') and the remaining
patients who did not fit into any of the other cafegories (‘Others'). The
groups who had restriction in at least two planes one of which was
lateral bending ie. 'Rest x 2', and 'Rest x 3', were also combined and
analysed ('Alirest’). Tables 13.12 and 13.13 gi\(e the results of
' significant differences for both primary and coupled motion obtained

between patient groups and the 'Normal' group studied in Chapter 12.

JABLE 13.12

ANALYSIS OF DIFFERENCES BETWEEN RANGE OF MOTION IN ‘NORMAL' SUBJECTS AND A.S.
PATIENTS: Primary movements

PRIMARY MOVEMENT
GROUPS MOVEMENT MEAN (£ s.d) MEAN (£ s.d.)
BEING 'NORMALS’ A.S. GROUP
COMPARED
‘Norm' vs Extension 57.8 + 11.0 25.4 + 16.6
'Rest x 3' Flexion 55.2 £ 9.5 31.4 + 14.7
Right lat. bend 41.3 + 8.3 14.3 = 12.7
Left lat. bend 40.8 + 6.8 1.3 £ 13.2
Right axial rot. 70.9 = 8.9 37.3 £ 20.7
Left axial rot. 71.3 + 9.8 37.3 + 19.1
‘Norm' vs Extension 57.8 + 11.0 32.6 + 18.4
‘alirest? Flexion 55.2 + 9.5 39.3 =+ 18.4
Right lat. bend 41.3 + 8.3 16.6 £ 11.4
Left lat. bend 40.8 + 6.8 14.7 + 12.4
Right axial rot. 70.9 = 8.9 46.0 £ 21.3
Left axial rot. 71.3 =+ 9.8 46.4 + 21.9
‘Norm' vs Extension 57.8 £ 11.0 45.2 + 14.8
‘Rest x 2' Right lat. bend 41.3 = 8.3 20.5 = 7.7
Left lat. bend 40.8 + 6.8 17.3 £ 10.8
Right axial rot. 70.9 + 8.9 61.3 £ 11.6
'Norm' vs Extension 57.8 + 11.0 28.8 + 1.5
‘others’
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N.B. The results from this Chapter and Chapter 12 were not subdivided
into age and sex categories as numbers in groups would have been too
small for valid statistical calculations to have been carried out. Since ages
of the A.S. groups and Normal groups were fairly evenly spread this was

not considered to affect the results to any great extent.

TJABLE 13.13

ANALYSIS OF DIFFERENCES BETWEEN RANGE OF MOTION IN 'NORMAL® SUBJECTS AND A.S.
PATIENTS: Coupled movements

COUPLED MOVEMENTS
GROUPS MOVEMENT MEAN (% s.d) MEAN (£ s.d.)
BEING 'NORMALS' A.S. GROUP
COMPARED
‘Norm' vs Fiex/ext on R.Bend -6.0 + 9.8 1.7 = 12.2
'Normas’
'‘Norm' vs Flex/ext on R.Bend -6.0 £ 9.8 -0.3 £ 6.5
'Rest x 3’ Fiex/ext on L.Bend -5.8 £ 9.6 -1.9 = 8.1
Rotation on R.Bend -9.1 + 11.6 -2.6 £+ 10.9
Rotation on L.Bend 89 + 11.0 2.3 £ 11.7
Flex/ext on R Rot. -6.3 £ 13.6 7.3 £ 11.7
Flex/ext on L Rot. -7.9 £ 12.5 1.8 = 9.7
Lat Bend on R Rot. -1.9 + 16.4 6.6 £ 11.3
Lat Bend on L Rot. -0.2 + 16.7 -7.9 £+ 131
‘Norm' vs Flex/ext on R.Bend -6.0 £ 9.8 0.8 £ 6.7
‘allrest’ Flex/ext on L.Bend -5.8 + 9.6 -1.2 + 7.4
Rotation on R.Bend 9.1 £ 11.6 -3.1 £ 11.5
Rotation on L.Bend 9+ 11.0 3.3+ 10.9
Flex/ext on R Rot. -6.4 + 13.6 10.8 £ 16.6
Flex/ext on L Rot. 7.9 £ 12,5 3.8 + 12.8
Lat Bend on R Rot. -1.9 = 16.4 57 £ 12.2
Lat Bend on L Rot. -0.2 = 16.7 -7.2 £ 15.1
‘Norm' vs Fiex/ext on R.Bend -6.0 + 9.8 2.5 + 6.8
‘Rest x 2' Fiex/ext on L.Bend -5.8 + 9.6 0.2 £ 6.2
Flex/ext on R rot. -6.3 =+ 13.6 17.0 £ 22.0
Flex/ext on L rot. -7.9 + 12,5 7.2 + 16.8
'Norm' vs Rotation on flex 1.1 = 6.7 -2.8 £ 2.2
'others’
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The results show that the number of significant changes in both primary
and coupled movements increased as restriction of movement changed
from 'normal’ range to limitation of movement in three-planes. Figures
13.4 - 13.6 illustrate this point by showing how the percentage of
patients exhibiting different types of coupled movement patterns altered

depending on the extent of the involvement.

13.4 Relationship between age, disease duration and mobility

In order to determine whether age and disease duration were significant
factors when determining maximum ranges of movement regression

analysis was conducted and correlation coefficients calculated.

Patients seen were again split into groups; those who had 'normal’ range
of movement and those who had restriction of movement. Those with
restriction of movement were again sub-divided into those who had
restriction in all three primary planes and those whose restriction was in
one or two planes one of which was lateral bend. The results of Mann-
Whitney test analysis showed no significant differences in age of patients
with limitation in one or two planes compared with those who had
restriction in all three planes, but it did show that patients with 'normal’
range of movement were of a significantly lower age group (mean age 37
+ 10) compared with patients whose movement was limited (mean age

47 + 13)

Only a weak negative correlation was observed between disease
duration, time since diagnosis and mobility although for the movements

of flexion, extension and lateral bend this did reach statistical

significance.
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COUPLED MOVEMENTS ON LATERAL BEND AND AXIAL ROTATION
Results of 23 patients with limitation of motion in 3 planes

Lat. dend some direction (x2} Lot. bend opporite direction (x2)

29% 67%
oL \ PRIMARY / ox
/ l- AXIAL ROTATION —J \

Extension (x2) Rexion {x2)
147 52%

Axinl rot. come direction (x2) Azinl rot. oppodite direction (x2)

I 38% \ 4%
PRIMARY /
™~ T LATERAL BEND e
Extengion (x2) Flexion (x2)
38% 207
Figure 13.7

COUPLED MOVEMENTS ON LATERAL BEND AND AXIAL ROTATION
Results of 24 patients with ‘Normal’ primary range of motion

Lot. bend come direction (32) LaL bend opposite direction (a2)

52% 287
\ PRIMARY / o

/ AXIAL ROTATION \
|_' - Nexion (x2) ———/

Extension (x2)

58% 28%
4% 4%
Axinl rot. same direction (x2) Axial rot. oppoaite direction (x2)
40% \ 20%
~—_ PRIMARY / /
20% LATERAL BEND\\\\\\\ 1%
Extension (22) / RNexion (x2)
38% 4%

Figure 13.8

For both the above figures:
x2: Movement the same for both left and right primary motion.

Same direction: Left bend accompanies left rotation, right bend accompanies
right rotation etc.

Opposite direction: Left bend accompanies right rotation, right bend accompanies
left rotation etc.
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The length of time a patient waited before diagnosis after they had first

experienced symptoms of the disease was not a significant factor when

determining mobility.

MOVEMENT CORRELATION SIGNIFICANCE
DURATION

EXTENSION -0.363 P < 0.001
FLEXION . -0.204 P < 0.05
LATERAL BEND -0.292 P < 0.005
AXIAL ROTATION -0.127 N.S.
DIAGNOSIS

EXTENSION -0.308 P < 0.002
FLEXION -0.224 P < 0.05
LATERAL BEND -0.282 P < 0.005
AXIAL ROTATION -0.006 N.S.

DURATION - DIAGNOSIS

EXTENSION -0.158 N.S.
FLEXION -0.038 N.S.
LATERAL BEND -0.093 N.S.
AXIAL ROTATION -0.159 N.S.

13.5 DISCUSSION

The results from this study have shown that the Isotrak system was able
to detect differences in cervical spine motion in patients with ankylosing

spondylosis compared with ‘Normal’ subjects.

Motion changes were not only observed in the primary plane under
observation, but changes were also observed in the coupled movement
patterns. Flexion and extension did not exhibit any significant degree of
coupling motion, which is in agreement with the results obtained for the
'norrﬁal' subjects tested in Chapter 12. The movements where changes

were observed in coupled movement patterns were those of axial
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rotation and lateral bending. The first change for both movements
compared with the 'normal’ cbupled motion pattern was that flexion was
seen to accompany each primary movement rather than extension which
would normally be expected (Chapter 12). This is surprising since
ankylosis tends to begin in the mid to lower cervical spine (O'Driscoll et
al; 1978) , and Mimura et a/ (1989) have shown that flexion
accompanies rotation at each segment below C5-C6 and extension at

each level above C4-C5.

Coupled axial rotation on lateral bend and coupled lateral bend on axial
rotation were only seen to alter significantly in magnitude compared with
the 'normal’ values expected. However, when looking at figures 13.6 -
13.8 and comparing them with figure 12.1 it can be seen that the
incidence of coupled bending and rotation in a direction opposite to that
which would normally be expected increased as the extent of limitation
increased. This finding is again in agreement with the results of Mimura
et al (1989) if we can assume that ankylosis began in the mid to lower

cervical spine.

When looking at figures 13.6 - 13.8 it appears that the most useful
movement to use for analysis purposes when monitoring patients would
be that of axial rotation rather than that of lateral bending as a larger
number of patients exhibited the coupling pattern of flexion on the
primary movement of axial rotation compared with the normal value
expected (ie. 52% of A.S. patients compared to 13% of 'Normal’
subjects), and the incidence of coupled lateral bend opposite to that
which would normally be expected was higher than the incidence of axial
rotation opposite to that expected on lateral bending. Also only 14% of

patients showed coupling of extension on axial rotation compared with
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61% of 'normal’ subjects and 56% of 'normal' A.S. subjects.

Even so, comparing figures 13.8 and 12.1 it can be seen that the
coupled movement patterns for the patients with a 'normal’ range of
movement in all three-planes was altered slightly compared with the
‘norm’. This is possibly due to the fact that all the patients seen in this
study had ankylosis of the lumbar spine, to varying degrees. This would
have caused a number of patients to lose some of their lumbar lordosis
which could therefore have altered the degree of lordosis in the cervical
spine. (N.B. Although not actually measured it was observed visually that
most patients had a reduction of lumbar lordosis compared with that
usually seen). Altering the amount of lordosis in the cervical spine would
cause a change in the 'neutral’ position and changes in the relative

distance between vertebral structures thereby altering coupled motion

patterns.

The usefulness of looking at coupled movement patterns for diagnostic
purposes is questionable. Although movement patterns were seen to alter
as patients movement became more restricted the extent of restriction
was enough to ascertain that the patient had a problem in the cervical
spine without looking at coupled movements in any detail. It may
however be useful to use this method to monitor patients over a period
of time in order to detect how the disease is progressing, and how
courses of treatment such as physiotherapy affect movement in this

area.

What was interesting from this study was that coupled movement was
seen to alter as would be expected depending on the section of the spine

that was being looked at. In patients with severe involvement, motion in
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the lower section of the cervical spine had been lost, and so what was

being observed was the coupled movement in the upper cervical spine.

Since ankylosing spondylitis is a disease which causes mechanical
restriction of movement, and patients who were seen in this study were
not limited by pain but rather by a 'physical barrier' which stopped

motion they were a useful group to monitor.

219




CONCLUDING REMARKS

This thesis has described the use of the 3SPACE Isotrak system in
measuring lumbar and cervical spine motion in both the 'Normal’ healthy

spine and in patients with spinal problems.

In the first section lumbar spine movement was monitored, and it was
shown that movement in the 'Normal' spine alters with age and that
differences in range of movement between males and females exist.
Values for maximum movements generally exceeded values -expected
from radiological techniques especially for the movement of axial
rotation. Coupling of movements was seen to exist for lateral bending
and axial rotation, with both range and coupling movement patterns
being disrupted and altered in patients with spina.I pathologies. The
Isotrak system was seen to be quick and easy to use in the clinical
setting. The most reliable lumbar movement monitored, when conducting
repeat tests on subjects, was that of lateral bending, and the most
inaccurate was that of axial rotation. Large intra-group variations were
observed and the reasons why these may have occurred were examined
using 'Normal' subjects. Possible explanations for the variations included
the misplacement of the sensor, errors introduced by soft tissue and skin
movement, the fact that subjects movements could vary depending on
the time of day when monitored and the fact that within the 'Normal’
groups a number of asymptomatic patients may have also inadvertently

been monitored.

The Isotrak was shown to be a reliable method when re-monitoring

patients with intra-observer errors being generally low. It was also seen
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to be a useful method when attempting to assess the effects of exercise
therapy on patients in terms of altering movement range. When
monitoring patients, considerable overlap in range of movement between

patients and 'Normal’ subjects was seen.

Some differences in movement between patients with different
pathologies was observed although once again there was considerable
overlap between groups. No differences were observed in patients whose
movement was limited by both pain and mechanical factors which might
suggest that the Isotrak is not particularly useful if monitoring continuous
movement in patients experiencing a significant amount of pain. This may
be due to 'bracing’ of the spine which could obscure the true pattern of

movement caused by mechanical factors.

In Section 2 the cervical spine was monitored and the Isotrak was shown
to give values for maximum ranges of movement similar to those
obtained by other techniques. It was eésy to use in this area and due to
the fact that the sensor and source were both relatively light weight, it
did not cause any discomfort or restriction of movement in subjects who
were monitored. Some of the patients with ankylosing spondylitis who
were monitored showed significant alterations in both primary range of
movement and coupled movement patterns. There was some overlap
between the 'Normal' and patient groups when monitoring cervical
motion although this was to be expected as not all the patients had

cervical involvement.

The Isotrak would appear to be best suited, when monitoring patients as

in this study, to use with patients with diseases such as ankylosing
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spondylitis. Such patients often experience long periods where they are
painfree and this enables measurements to be obtained which relate to
movement alterations due to mechanical factors alone. Patients with A.S.
are also well educated about their disease and tend to move as far as
they are able without fear of doing themselves any harm. Patients with
low back pain on the other hand appear to be reluctant to perform
certain movements as experience has taught them that it may cause

more pain and they do not know what damage they are doing to their

back.

Much of the work contained in Chapters 2, 3 and 7 of this thesis has
been accepted for publication in the British Journal of Rheumatology. A
paper entitled 'Variation in lumbar spine mobility measured over a 24-
hour period' has already been published and a copy is included in

Appendix 2.
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Session (1) one hour
Session (ii) one and a half hours.
Aims

1. EDUCATE THE PATIENT TO ;

(i) causes of back and leg pain

(11) aggravating factors/relieving factors
((iii) need for good posture

(iv) relief of symptoms by self-care

(v) prevention of recurrence of symptoms.

2. TEACH THE PATIENT:

(i) basic principles of back care with reference to posture, resting
positions, seating, work, lifting and corsets
(ii) basic exercises for the treatment and prevention of symptams in
acute and chronic stages
(iii) resting positions in acute attacks.

3. ANSWER
(1) general questions about conditions at home, work and in leisure
leading to back and leg symptams
(ii) general questions on type of back problems.

CRITERIA
1. Chronic back problems - no acute inflammatory conditions
2. Postural problems
3. Resolving acute problems.

METHOD
1. Presentation of information using overheads of

= (i) normal posture
(ii) anatomy of disc, vertebrae, nerves and ligaments
(iii) effect of flexion on disc
(iv) disc protrusion onto the nerve
(v) intradiscal pressure related to posture
2. Practical application of back care using a model to illulstrate:

- (1) good and bad sitting positions
(ii) geood and bad standing positions
(iii) lying positions inc. lying ¢ sitting
(iv) 1lifting techniques
3. Group exercise session to teach general exercises.
4. Use of information sheets.
5. Discussion of principles of back care.

6. Frequent opportunity for questions throughout the sessions.

G.H. 5/%0.



BACK CLASS

General format

1.

Introduction to back problems

(i) general anatamy
(i3.) function of spine
(iii) normal shape

(iv) cammon terminology and meanings, e.g. sciatica

Common types of back problems

disc narrowing

(i) disc - annular and nuclear protrusions
(ii) arthritis - Ostecarthritis/wear and tear .
- rheumatoid arthritis/ankylosing spondylitis
(iii) postural
(iv) scar tissue - post surgery

Symptoms and referred pain

(i) centralisation and proximalisation

(ii) theory of referred pain

(iii) movement limitation related to types of problems outlined above.

Posture
(1) normal/abnormal

(ii) stress on ligaments leading to postural pain
(iii) protrusion and reduction of disc
(iv) pain sensitive structures affected

Common investigations and implications, and surgery

(i) =x-rays
(ii) myelogram
(1ii) epidural
(iv) discectamy

——

Types of treatment and principles related to conditions

(i) postural condition -

(ii) disc problems -

(iii) arthritis problems

re-education
muscle strengthening
postural awareness

reduction by manipulation
traction
exercises
maintenance of reduction
pain management with hot and cold, and
electrotherapy
exercises for range of movement
muscle strength
postural awareness.

Discussion and round-up of main points.

G.H.

5/90.




220K CLASS

Session 2 - one and a hal? hours

' General format

1. Recap of Session One with opportunity for questions arising from the session.
2. Sitting:

(i) good and bad sitting posture
(ii) 1lumbar lordosis
(iii) types of chair - points to look for
(iv) angle of seat - wedge cushion
blocks for back legs
(v) 1length of time spent sitting
(vi) working in sitting
(vii) sitting to standing and vice versa
(viii) driving

3. Standing:
(1) good and bad posture
(ii) maintain lordosis
(iii) step-standing
4. Work environment:
(1) bheight of work surfaces

(1ii) application of sitting and standing postures
(iii) opportunity for individual questions

5. Lifting principles and techniques

6. Lying:
(1) comfortable positions and use of pillows in supine and side lying
(ii) sitting to lying and vice versa

7. Exercises (see sheet for specific exercises)
(1) - principles of centralisation

(ii) changing exercises for acute, sub-acute and chronic stages
(iii) continuation even after symptams stop.

8. Discussion.

G.H. 4/6/90




TACK. SONOCE.. PART 2.

(1) Push back down into hed, hold, then rel*x

MM
5NN ‘1’ (1) Tinhten abdyincl well - to use in
- ‘ conjunction with lifting, reachina, etc.

(i4) Pramote relsax-ticn.

(2) abdominal bracine with =elvic tiltino

Hold, then relax.
l .: (1) Gentle mobilisction for lusbar spinc/
) Lt | (1i1) Strenathen shdarinel bracine.

(3) Pelvic tiltin usiny a Juwer roll (or rolled wptowel )
AT I \
' (1) Mobilisation for lwbar spine
(1) Abdondnal stzbilisation.

(2) Gantle bin flixion

ALl
e X (1) Gentle stretch. Eﬁ"
\,/éj.\/\, (1) Hold - relsx, each time bending hips

cleser tn chest.
PIAN - Start with 5 reretitions of cach: «xercise, prooressina to 1. repetition

Use exercises 1, 2, 3, 4 to reduce stiffness in the soine, especiallv first thine
in the norming.

- if any exereise causes suiden, severe pain, especially in the leg, STOP!
(5) Auto resisted excreises .

Meximom "push® but rdnimal covement
on the spire. :

S : a) Push (R) knee against (R) hand/ (L) => (L)
@' ﬁ S —/ \ b) Push (R} xnce egeinst (1) hand/ () —>(R) g}i:gcr.
¢) Diagonal push with (R) hand resisting ipside of
(L) knee and vice versa.
d) Diaconal push with (R) hend resistingéarside of
(L) kxnze and vice versa.

(6) Extension exercise x 10. _J/ 3} - o
— PINN f:cs.swbeam:-htermﬂeaay--e,g_»mﬁ,ebath,)_. .




Nany back prodlezs result fram or are aggravated dy

particular the wvay we ait, stand

It is possidle,

1. SLEEPING - The 3attress snos1
+8 soft, a boar2 shoild de -
When getting out of bed, =~z:1
the bed and use your arz

2. SITTING

aj Always 81t wi:np the -¢rvae 33

achieved even in soft chaire
in the sxmall of Your bdack.

b) Do not try to sit for lo
position 1s essentia] += --a

LA P
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carve at all times by eltra=
by 8itting

-~ -
' a

d) 4hen getting up -
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frem 3tanding,

e} Driving -
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- - -
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STANDING - Neven Tainta:ie
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to push
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izple rules.
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the edge of
up into a sitting position.
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' Stand close o5 the load withy a3 fi~y

LIPTING

a) Never bdend to 11fe soxmething »rf

the ground with the knees straight -
always dend your Knees. .

b) Throughout the 11ft you must atteapt to retain the curv

e in your iow
back. The 11ft gshould be made by straightening the lege.

{ooting and a wide base.

d) Always hold the load as close :» Jou as possidle and get a secure =i,

e) Never jerk.

f) When upright move your feet to tusn to avoia tvisting at the lowe-~ “z-%

#ORKING IN STOOPED POSITIONS

Many activities around the home a2 zany occupations Tequire prolonged 3Zooped
positions.

This is the xost iikely cauge of iz
interrupt the stooped posture a* se

< pala during the day. Tp.;in;:;s= {Lis
=larTintervals Sefore pain starts.

This can be achieved by placing :=: %ands in tz2e 32211 of :he back

Hinte for vorking

1. Rneel Zown to zake the bed and clean the va-t.
2. Tee long hanhles o the hoovzr. <

3. Rearrange Xitchen to avoid rezztiag or 8tooping *20 often.

-. Carry meny 3-z11 1nads rzt=e- §LAA e h2asy l:ad.,

<

Sit or use pers ing 8tocl tec do ironing, washing dishes e:,

(91}

. Assess 7oun “ork sit:ation it order o

- . . - .
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This disgram shows how the pressure increases - the GREATER THE'
THE_GREATER THE RISK TO YOUR SPINE. PRESSURE,

Pain

[
]
2
Y F X T XX X E
&
Tise (Hrs.) Time (Hrs.)
Arching your back at hourly - Arching your back i-ediat’l}
intervals can help dissipate before and after 1ifting can

reduce the risk of i{njury
to the spine.

CORSETS Corsets may be useful in the initial stages of your back probles.
OR/ {f your job involves a lot of lifting.

BUT/ 1T 1S BETTER TO HAVE GOOD POSTURE AND CORRECT LIFTING TECHNIQUES.




IF IT IS TOO HEAVY OR TOO AWKWARD - DON'T LIFT IT!

Always consider 1) Your body position

2) The weight of the load
3) The distance of the load from your body

4) The purpose of your lift

Body Position

Minimise intra-discal pressure

Avold twisting spine
Feet astride and facing direction of 1lift

reduce load distance - do not reach as this {ncreases
apparent weight of load.

Adjust curve of spine to accommodate the lift, and
brace abdominals.

Prepare the destination - is it clear ? are there any
obstacles in the way?

Hollow back 1Increase arch when lifting loads which are

BELOW waist level

Flattened back To be used while lifting objects which are

ABOVE waist level

Tighten your abdominal
muscles

THINK BEFORE YOU LIFT
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DEGREES

_10 L 1 1 1 L 1 1 1 - 1 1
2 3 4 5 6 7 8 '9 10 1N 12

TIME INTERVAL

Fi6. 1.—Mean change in movement relative to value at 04:00—

05:30. 1, 08:00-09:30; 2, 10:00-11:30; 3, 12:00-13.30; 4, 14:00—

15:30; 5, 16:00-17:30; 6, 18-00-19:30; 7, 20:00-21:30; 8, 22:00-

23:30; 9, 00:00-01:30; 10, 02:00-03:30; 11, 04:00-05:30; 12,

06:00-07:30. Time interval —M— Flexion; —+— Extension;
—(O— Lateral bend; —[— Axial rotation.

between 08:00 and 09:30 on day one and 08:00 and
09:30 on day two might be expected to be highly corre-
lated as the results were obtained at the same time of
day, the fact that they are not can be explained by the
fact that on day one all six males were tested between
08:00 and 09:30, five of whom had been up for periods
of between 10 min and 1 h prior to testing, and on day
two only four were tested, three of whom had been
supine immediately prior to testing.

Between individual subjects there was a wide vari-
ation in the range of movement obtained at any one
time; this can be seen from the magnitude of the stan-
dard deviations in Table II..

DISCUSSION

Hindle [12] previously examined the day-to-day
variation of the ability of an individual to perform a
given movement. In his study two subjects were asked
to perform the movements of flexion and extension,
lateral bend and axial rotation (both to the left and
right sides). Each test took place at the same time of
day in order to eliminate diurnal effects. The position
of the sensor on the back was marked with indelible ink
so that it could be repositioned accurately for each
measurement. The results of these tests.showed a stan-
dard deviation about the mean for flexion and exten-
sion to be aproximately 5 degrees (range 2.4-7.8), the
values for lateral bend and axial rotation were 1.6
degrees (range 1.2-1.9) and 2.4 degrees (range 2.1~
2.8) respectively. Obviously this margin of error had to
be allowed in all repeat tests on individuals when deter-
mining whether or not changes were significant.

The results obtained from pre-/post-sleep data
showed a significant overall decrease in flexion, exten-
sion, and lateral bend post-sleep but did not indicate
any signficant changes in axial rotation (Table II).

The reason all subjects did not show similar reduc-
tions in movement is not known as all subjects had
comparable periods of sleep and were all of a similar
age group. In order to determine why this should have
occurred and why the standard deviation between

‘results for flexion was comparatively large compared to

the results obtained by Adams et al. [8], further and
more rigorously controlled tests would need to be con-
ducted. These tests would ensure that subjects’ activi-
ties were more tightly controlled and of a similar
nature. They would also require subjects to be tested
immediately after waking and require subjects to
remain supine for similar periods.

The fact that no overall change in axial rotation was
observed may be due in part to the fact that the total
range of movement in this plane is small and therefore
any changes observed would be small. Any changes
may therefore have been obscured by errors intro-
duced by skin or soft tissue movement or by errors
introduced by the observer when replacing the sensor
on the skin.

TABLE 11
AVERAGE MAXIMUM MOVEMENT MEASURED AT 2-HourLy TIME
INTERVALS OVER A 24-H PERIOD

Time Lateral Axial
interval Flexion Extension bend rotation
Males

08:00-09:30 67 £ 11 2720 48+ 8 26+ 6
10:00-11:30 63 £ 11 26+ 6 47+ 9 23+% 7
12:00-13:30 63+ 9 2511 46+ 7 23+ 5
14:00-15:30 67 9 26+ 8 46+ 8 26+ 8
16:00-17:30 73+ 12 23+ 8 47+ 9 25+ 8
18:00-19:30 72 +20 2+ 9 47+ 10 21+ 8
20:00-21:30 69 + 12 24+ 9 47+ 7 23+ 6
22:00-23:30 66 £ 12 19+ 9 47+ 9 27 9
00:00-01:30 63+16 21+ 6 46 £ 11 22+ 8§
02:00-03:30 59+ 11 18+ 8 42+ 10 2+ 6
04:00-05:30 61 +10 22+ 10 43+ 9 23+ 6
06:00-07:30 60 £ 11 17+ 6 40+ 11 23+ 6
08:00-09:30 65+ 15 12+11 40+ 12 21+ 8
Females

08:00-09:30 51« 8 14 £ 20 42+ 8 20 9
10:00-11:30 53+ 7 22+ 6 50+ 9 24+ 6
12:00-13:30 52+ 10 24 £ 11 48+ 7 25+ 12
14:00-15:30 49+ 14 21+ 8 47+ 8 2515
16:00-17:30 52+ 14 23+ 8 50 9 21+ 8
18:00-19:30 49+ 10 23+ 9 49+ 10 23+ 8
20:00-21:30 4712 16+ 9 49+ 7 25+ 6
22:00-23:30 47+ 6 i9+ 9 48 9 20+ 8
00:00-01:30 48+ 3 24+ 6 5111 20+ 10
02:00-03:30 50+ 5 19+ 7 46+ 10 20+ 13

04:00-05:30 45+ 12 15+10
06:00-07:30 51=x11 18+ 6 46 = 11 21+ 13
08:00-09:30 No readings obtained

Males + Females

08:00-09:30 61+ 8 22%17 46+ 8§ 24+
10:00-11:30 59+ 7 24+ 11 48+ 8 24+
12:00-13:30 59+ 10 25+11 47+ 9 24 +

*

46 = 11 26 =
49+ 8 23+
8+ 9+ 22+
48+ 6% 24+
48+ 8% 24+
48+ 11  21%
44 + 11 21+
42+ 9 21+
43+ 12 22+
40+ 12 21+

14:00-15:30 60 £ 14* 24 =
16:00-17:30 65 = 14* 23 +
18:00-19:30 62+ 10* 22+
20:00-21:30 60 £ 12* 21+
22:20-23:30 58% 6 19 =
00:00-01:30 57+ 3 22+
02:00-03:30 55+ 5 18 £
04:00-05:30 5512 19+
06:00-07:30 5711 17
08:00-09:30 65 + 15 12+ 11

*Significant difference from reading obtained between 04:00
and 05:30.

Note: All measurements in degrees. Statistical analysis only
applied to the males + females group as individual groups were
too small for detailed statistical methods to be valid.
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Maximal values obtained were higher than those
expected from radiographic techniques. This could
again have been due to soft tissue and skin movement.
Repeated tests on an individual should, however,
incorporate this as a standard error and relative
changes between movements should give ‘true’
readings.

Results obtained from the 24-h study showed the
movements of flexion, lateral bend and axial rotation
to be significantly greater in the afternoon than those
measured between the hours of 02:00 and 07:30.

The fact that the range of flexion was at a minimum
in the early hours of the morning is likely to have been
due mainly to the fact that whilst lying supine the
unloaded disc would have become swollen due to the
imbibition of water. In this state the disc becomes less
easy to compress, causing movement to require more
effort [8].

When the disc is in this state it is likely to subject the
spinal ligaments and itself to greater stresses. Any
movement designed to stretch the ligaments such as
flexion, extension, lateral bend and axial rotation
would be likely to create additional stress, causing
movements to require more effort and increase the risk
of injury to the lumbar spine.

In tests conducted on cadaveric motion segments
Adams, Dolan and Hutton have shown that creep
loading reduces a discs’ resistance to backward bend-
ing by about 40% [11] which it is suggested is balanced
by increased resistance from the apophyseal joints and
spinous processes so that the resistance to backward
bending of the motion segment and the range of move-
ment remain unaltered by creep loading. This appears
to be the case from our study which showed no overall
change in the range of extension measured over the
24-h period.

The range in lateral bend was also minimal during
the early hours of the morning, with the stresses on the
ligaments and the discs being maximal at this time. The
range was again greatest during the afternoon. The
reason for a decrease in lateral bend occurring slightly
later during the day is difficult to determine as the
activities of subjects were not tightly controlled. How-
ever, this may be due to the fact that subjects tended to
be more active in the morning than the afternoon. The
first 2-3 h in the morning when activity was greatest
might therefore be expected to correlate with the
greatest fluid loss from the disc which would cause the
apophyseal joints to come in closer contact and
increase their loading. The joints would have a higher
bending stiffness and strongly resist lateral bending
movements. During the afternoon when the activities
of the subjects were more sedentary with the majority
either sitting in comfortable chairs or lying down for
short periods of time, the intake of fluid to the disc
would cause the apophyseal joints not to be so highly
compacted, enabling lateral bending movements to be
carried out more easily.

CONCLUSION

Pre-/post-sleep results showed reductions in the
range of maximal movements after sleep for all move-
ments other than axial rotation.

The general pattern over the 24-h period indicated
that there was a change in maximal movement
obtained which depended on the time of day when
tested. The range of movement reached a peak during
the afternoon and the subject was generally less mobile
in the early hours of the morning.

In order to separate the effects of loading and cir-
cadian factors, further work is required in which the
activities of all subjects taking part should be closely
controlled.

ACKNOWLEDGEMENTS

This study was supported by a grant from the Arthritis
and Rheumatism Council.

REFERENCES

1. Reilly T, Tyrell A, Troup JDG. Circadian variation in
human stature. Chronobiol Int 1984;1:121-6.

2. Kramer J, Gritz A. Korperlangenaderungen durch
druckabhangige Flussigkeitsverschiebungen in
Zwischenwirbelabschnitt. Z Orthop 1980;118:
161-4.

3. Bishop J. Researches into the pathology and treatment
of deformities in the human body. London: Highley
& Sons Publishers, 1852.

4. Koeller W, Funke F, Hartmann F. Biomechanical
behaviour of human intervertebral discs subjected
to long lasting axial loading. Biorheology
1984;21:675-86.

5. Kéller W, Funke F, Hartmann F. Das Verformungs-
verhalten vom Lumbalen Menschlichen Zwischen-
wirbelscheiben unter Langeinwirkender Axialer
Dynamischer Druckkraft. Z Orthop 1981;119:
206-16.

6. Nachemson A, Elfstrom G. Intravital dynamic pres-
sure measurement in lumbar discs: a study of com-
mon movements, manoeuvres and exercises. Stock-
holm: Almqvist & Wiksell, 1970.

7. Adams MAM, Hutton WC. The effect of posture on
the fluid content of lumbar intervertebral discs.
Spine 1983;8:665-71.

8. Adams MA, Dolan P, Hutton WC. Diurnal variations
in the stresses on the lumbar spine. Spine
1987;12:130-7.

9. Pearcy MJ, Hindle RJ. New method for the non-
invasive three-dimensional measurement of human
back movement. Clin Biomech 1989;4:73-9.

10. Hindle RJ, Pearcy MJ, Cross AT, Miller DHT. Three-
dimensional kinematics of the human back. Clin
Biomech 1990;5:219-28.

11. Adams MA, Dolan P, Hutton WC. The lumbar spine
in backward bending. Spine 1988;113:1019-26.

12. Hindle RIJ. Three-dimensional kinematics of. the
human back in the normal and pathologic spine.
PhD thesis, Durham University, 1989.






APPENDIX 4

Description of two other non-invasive measuring techniques

242



DESCRIPTION OF TWO OTHER NON-INVASIVE MEASURING
TECHNIQUES

1. CODA-3 Scanner

This system is an opto electronic device. It works by sending out fan
shaped beams of light, from a Xenon arc lamp, to retro reflective prisms
which are attached to a subject. The light is split and sent out by three
octagonal; synchronised rotating mirrors, two of which are mounted on
vertical axles and the third which is mounted on a horizontal axle

between the other two.

When the emitted light crosses a marker made up of four retro reflective
prisms, arranged in a pyramid, a pulse of light is reflected back along the
same path to photodiodes in the scanner unit. By knowing the orientation

of the mirrors the position of the marker can be calculated.

The main problem with the CODA-3 scanner is that if any two marker
rigs come within approximately 25mm of each other, either in the
horizontal or vertical plane, the machine loses information about their
postions. Another problem as shown by Hindle (1989) is that it is a fairly

bulky device and data collation is quite a time consuming procedure.
2. The ISIS technique

This system (Integrated Shape Imaging System) also works by using

optics. It basically consists of a projector, a camera and an imaging

system.

The projector shines light onto the object from which readings are to be




taken, the image of which is viewed from below by the camera. Two
dimensional co-ordinates of the line are obtained as the light falls on the
3 dimensional object, and are recorded by a mini-computer. By moving
the projector and camera a set of co-ordinates are obtained and a full 3
dimensional image of the object can be produced. The accuracy of the

system is =+ 3 mm.




