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SUMMARY

A study of the function of the human trapezio-metacarpal (T-M1) joint has been under'

taken. This investigatory work comprised three separate components - anatomical, osteo'

metric and clinical.

The ANATOMTCAL STUDY of 28 unembalmed specimens within 24 hours of death dem'

onstrated different attachments of the first inter-metacarpal ligament from those previously

described.

The range of five passive movements, comprising circumduction, were measured radio'

logically, wide variation being found between individuals'

Ligamentous function was described in terms of the control of angular movement and

axial rotation of the first metacarpal. While all four ligaments contributed to the control of

each individual movement, the major limiting functions of each ligament were delineated.

Staining of the articular cartilage revealed fibrillation as early as the second decade of life.

A consistent pattern of degeneration was noted, peripheral fibrillation being more marked on

the antero-lateral, lateral and medial aspects of the trapezial surface and on the posterior as'

pect of the metacarPal.

The OSIEOMETRTC STUDY was carried out on the articular surfaces, cartilage in situ,

of 23 T-M1 joints. A three-dímensional grid reference method of measurement of the articu'

lar surfaces was developed. Data thus obtained was used to measure, for the first time, the

following geometrical features of the articular surfaces: the mean angle between the two

axes on the trapezium and first metacarpal, the arc length of the two axes and the surface

area of the cartilage.

The detailed CLINTCAL STUDY o'i 492 T-M1 joints (using a questionnaire, radiological

and clinical procedures), investigated the relationship of specific demographic variables, gen'

eralised peripheral joint hypermobility, occupational use and osteo-arthrosis to the mobility

and stability of the T-Ml joint. Comparisons were made with a sample of 'medically normal'

joints (N=1741.

T-Ml joint mobility was found to decrease significantly with advancing age (p (.005)and

with cumulative use of the thumb (p ( .005). The incidence (%) of osteo-arthrosis was sig'

nificantly related to a past history of pain atthe thumb base (p<.00001), peri'articularthick'

ening (p < .OOOOl ), ageing (p < .0001 I and cumulative use of the thumb (p ( '005).

The T-M1 joints of 33 individuals exhibiting generalised peripheral joint hypermobility

showed a significantly higher incidence of dorso-lateral instability (p(.0005) when compared

with the non-clinical group. Differences in mobility between the two groups were greatest

for the accessory movements.



Consistently different usage of the thumb formed the basis of the three occupational groups

stud¡ed - manipulative therapísts (40 thumbs), tailors and dressmakers (72 thumbs) and

players of the violín, viola and 'cello (70 thumbs). Occupational use resulted in loss of mobility

in movements not regularly exercised and a higher incidence of osteo-arthrosís associated with

long periods of isometric holding with the thumbs.

The incidence lYoI o'Í stiff and abnormal quality scores rose with advancing osteo-arthrosis,

being a more consistent finding in the accessory movements (osteo-arthrosis group, N=198

thumb6). The earliest radiological sign of osteo-arthrosis was seen on the dorso-lateral aspect

of the trapezial surface. As T-M1 joint osteo-arthrosis became more marked, so díd the inci-

dence of involvement of the other trapezial articulations. A regular menstrual cycle was found

to be a significant factor in lowering the incidence of osteo-arthrosis of the T-M1 joint (p <.01 ).
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LIST OF DEFINITIONS

Active Movements are those movements which can be performed voluntarily.

Passive Movements are those movements which are produced by an outside

force.

Physiological Movements are movements which can be produced voluntarily.

when these movements are carried out pass¡vely they are classed as

PASSIVE PHYSIOLOG ICAL MOVEMENTS.

Accessory Movements are movements which cannot be performed actively in

the absence of res¡stance (Warwick and Williams, 1973). They can,

however be produced PassivelY.

Dorso-lateral instability l ln th¡s study these terms are used synonomously.
Dorso-radial instability )

Osteo-arthritis - an active inflammatory disease in joints with radiological

evidence of osteo'arthrosis.

Osteo-ardrrosis - radiological evidence of degenerative changes in a joint

(classification of these changes is given in Table 4.2)'
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INTRODUCTION

,The opposable thumb is man's greatest asset', wrote Curtis in 1974. While man is not

unique in his ability to oppose digits he has undeniably superior versatility, skill and strength

in movements of the digits largely arising from the range and strength of movements of the

thumb.

Comparative studies involving this digit have been made through the centuries and continue

today (Napier, 1g56, 1960 and Lewis, 1977). With man's upright posture itseems rational to

expect that a hand, freed of any locomotor function, would be more specialised in manipula'

tory skills. Two features of the human thumb are claimed to be of special significance: the

length of the thumb is comparable with that of the other digits allowing 'pulp to pulp'contact

and thereby extreme preciseness of digital movement (Napier, 1960): the angle between the

trapezio-metacarpal (T-Mll joint and the rest of the carpus seems also to be of maior import'

ance in the achievement of both power and precision of digital movement (Lewis, 1977). The

T-Ml joint is of utmost importance to function of the thumb as the most important movements

of abduction and opposition occur primarily at this jo¡nt'

The paramount functional importance of the thumb has been confirmed by many authors

(Bunnell, 1938; Tubiana and Valentin, 1969; Eaton and Littler, 1969; Eiken and Carstam,

1970; Burton, 1973; Bosien-Møller, 1976). Cooney and Chao 119771 give a neatly worded

summary of the functional requirements of the thumb ' . . . it must have the dexterity to han-

dle firm objects and the intrinsic stability and strength to res¡st forces applied by one or all four

fingers during pinch and grasp'. Recognition of the importance of the thumb by the lay com-

munity is evidenced by the fact that experts in accident insurance estimate the value of the

thumb as half that of the whole hand (Hirsch et al., 1974).

A review of the literature pertaining to the T-Ml joint shows that clinical reports related to

osteo-arthr¡tis and its surgical management far outnumber articles based on formal anatomical

and clinical research.

Physiotherapists, and in particular Manipulative Therapists, have stressed the importance of

maintaining and/or restoring 'normal' mobility at ioints (Maitland, 1977a and b; Trott and

Goss, 1978). Specifícally they have emphasised the need to restore the accessory movements

which occur concomitantly with active movements of a joint. Biochemical studíes have sup'

ported the importance of movement to the nutrition of adult articular cartilage (Ekholm,

19S5; Maroudas et al., 1968; Caterson and Lowther, 1978) and the capsule and ligaments

(Akeson et al., 1973). There is a paucity of information related to normal function of the

T-Ml joint and how this may be altered by occupational and recreational stresses.

Due to lack of published reports related to the function of the T'Ml joint, this study is

planned to be of an investigatory nature rather than a testing of specific hypotheses. The

treatise is divided into three separate studies of T-Ml ioint function whose broad aims are:

Anatomical study (based on unembalmed autopsy specimens)

a) to measure the range of passive movements* at the T-Ml joint

b) to ascertain the function of the four ligaments of the T-Ml joint

c) to establish whether a pattern of degenerative change typical for the T'Ml joint exists in the

articular cartilage

* See L¡st of Def¡nit¡ons
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Osteometric Study (based on unembalmed autopsy specimens)

a) to visually examine the features of the articular surfaces of the T'Ml joint

b) to develop a method of precise measurement of the shape of the articular surfaces and to

use this to measure certain geometric features of the articular surfaces of the T'Ml jo¡nt

Clinical Study (research based on live subjects)

a) to measure the range and quality of passive movements of the T-Ml ioint and to record the

incidence of ínstab¡lity in a group of non-clinical, that is, 'medically normal' joints

b) to investigate the relatíonship of specific demographic variables, generalised peripheral joint

hypermobility and occupational use to T-Ml joint mobílity, stability and osteo-arthrosis*

c) to study the pathogenesis of osteo-arthrosis of the T-Ml joint and the relationship of osteo-

arthrosis to the mob¡lity and stability of the joint.

t See L¡st of Dêfin¡t¡ons
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REVIEW OF THE LITERATURE

2.1 lntroduction

The wíde range of movements possible at the trapezio-metacarpal (T-Ml) joint, and

yet its stability during strong gripping and pinching of objects between the thumb and

fingers, have interested both anatomists and clinicians.

The anatomical and functional aspects of the thumb as a whole have been well documented,

but few authors have analysed in detail the function of the 'normal' T-Ml joint and how this

may be altered by the stresses of certain occupations or by pathological conditions such as

osteo-arthrosis.

First, the anatomy of the T-Ml joint will be reviewed with a description of the articular sur'

faces and ligaments and their role in the mob¡l¡ty and stab¡lity of the joint. Second, the T'Ml

¡oint w¡ll be reviewed from a kinematic point of view. As this is a study of passive mobility the

l¡terature review does not include the part played by muscles in producing active movements.

Third, the review will include other factors considered to affect the stability and mobility of

the T-Ml joint. Fourth, the literature on individuals with generalised peripheral joint hyper-

mobility will be reviewed in some detail as these constitute one group examined in this study.

2.2 Anatomy of the T'Ml Joint

2.21 The alignment of the thumb in relation to the rest of the hand

According to Pieron (1973), Bichat in 1819 and again in 1830, was one of the earliest

to record the 'oblique position of the trapezium in relation to the other carpal bones'.

Warwick and Williams (1973) stated 'the thumb, however, lies in a plane set almost at r¡ght

angles to that of the fingers'while Smith and Kuczynsk¡ (1978) found the angle to be 600'

8Oo'. lt appears that the alignment of the thumb is subject to considerable individual variation.

2.22 Description of the surfaces and their role in the stab¡l¡ty and mobility of the Tll/ll

ioint.
According to Gedda (1954), Cruveilher in 1843 was the first to describe the T-Ml

jo¡nt as saddle-shaped. ln 1854, Fick analysed the qualities of the io¡nt on the basis

of its saddle-shape. Thus it is of interest to find a relatively recent report by Kivilaakso (1949),

classifying the joint as of the ball and socket variety, and Kapandi¡ (1970) who likened the

joint to a pivot.

Apart from these two, there was general agreement that the surfaces are sAddle'shaped (or

sellar), (Kaplan, 1965; Swanson, 1972; Burton, 1973; Eaton and Littler, 1973; Kuczynski,

1974; Landsmeer, 1976; and Smith and Kuczynski, 1978). However there is still contention

over the degree of congruity between the two surfaces. Aune (1955), Napier (1956),Tubiana

and Valentin ( 1 9681 and Swanson 11972t. considered the surfaces to be non-congruent, whereas

Eaton and Littler (1969, 1973) and Kuczynski (1974) described them as congruent, stating

further that they play an important role in joint stability.

MacÇonaill (1953), in describing the principles of joint mechanics, stated that at all non-

pivot joints the characteristic or habitual movements are composite ones involving some degree

of rotation (conjunct rotation) and that this is most marked in joints with concavo'convex
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surfaces when it is effective in screwing the bones together into a locked position. ln these

'close-packed positions'the articular surfaces are maximally congruent, and for the T-Ml joint

the characteristic position is opposition.

Pieron (1973) strongly disagreed with MacConaill as he found greater contact between the

articular surfaces when the T-Ml joint is abducted. Lewis (1977) considered there to be two

close-packed positions for the T-Ml joint. ln describing these he applied MacConaill's (1953)

principles to Napier's (1956) two functional positions of the thumb. During'power grip'the

first metacarpal is extended, adducted and laterally rotated and in the position of 'precision

grip' it is abducted, flexed and medially rotated.

Kuczynskí (19741 and Smith and Kuczynski (1978) were the only authors to conduct de-

tailed research on the shape of the articular surfaces; however, the methodologies of both were

relatively crude. ln the 1974 paper, the surfaces of 15 dry skeletons were examined'by visual

inspection and palpation' and in the 1978 work only the depth of the trapezial groove was

measured using a small tyre thread depth gauge (the results beíng quoted to the nearest

0.1mm). The metacarpal surface was not measured but described as'of the usual configura-

tion'. Their measurements were made on 32 specímens from the dissecting room aged between

6O and 80 years.

When examining for congruity between the articular surfaces of any ioint, it would seem

essential that specimens with articular cartilage (rather than dry ones) be selected as the uneven

d¡stribution of cartilage reduces congruity (Tubiana and Valentin, 1968). The finding of

Simon et al. (1973) that the thíckness of articular cartilage was inversely related to congruence

supports this. These workers also found that congruent joints, with thin cartilage, have a low

incidence of degenerative change. Additionally, subjects of varying age should be selected as

Goodfellow and Bullough (1967) and Bullough etal. (1973) found that congruity increased

with age. ln 1977, Goodfellow and Mitsou found that reducing weight-bearing through the hip

joints (of rabbits) increased the congruity of the joint surfaces. From this they postulated that

'there is a mechanism in joints to control the modelling of their shapes towards an ideal of in'

congruity and that that mechanism is pressure sensitive'. From their findings it would seem

that incongruity renders a joint capable of transmitting physiological loads without inducing

unphysiological stresses. Kurrat and Oberlåhder (1978) found that in the hip joint the thick'

ness of cartilage is dependent on functional stressing. To date the thickness of different areas

of articular cartilage has not been reported for the T-Ml joint although the work of Cooney and

Chao (1977) demonstrated that considerable forces are applied across the joint during normal

function of the thumb. They demonstrated that for 1 kg of applied force, as in pinching, the

compressive force across the T-Ml joint was 12 kg, and that during strong grasping this may be

as high as 120 kg.

2.73 Description of the capsule and ligaments and their role in the stability and mobility of

the T-Ml joint

Several authors described the capsule as loose (Napier, 1956; Eiken, 1971;Warwick

and Williams, 1973; Bosjen-Møller, 1976; Kessler et al., 1976). Writers differed in
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their opinions as to whether it is thick or thin. Warwick and Williams described the capsule as

thick, especially laterally and dorsally, whereas Bosien/Møller considered it to be thin.

Pieron (1973) appears to be the only author to give a deta¡led description of the capsule.

He described it as being thin on the 'radio-volar aspect' but thick on the ulno-volar side (in

contradistinction to Warwick and Williams, 1973), and being inserted close to the articular

margin on the volar, ulnar and radial aspects and re-inforced by lígaments volarly, dorsally and

dorso-radially,

According to Kaplan (1965), Weitbrecht in 1742 was the firstto describe four ligaments

around the T-Ml joint. He named them the dorsal, palmar, external lateral and internal lateral

ligaments respectively. lt was not until two centuries later that reference was again made to

four ligaments (Haines, 19/l4l. Pieron (1973) in reviewing the literature related to the T-Ml

joint mentioned several authors of the nineteenth century (Henle, 1856; Morris, 1879 and

Virchow, 18981 who made mention of ligaments, but none of whom described them or their

function in any detail.

The nomenclature used by Haines (1944) clearly described the posit¡on of the ligaments

and has been adopted by most subsequent authors. From his dissections he was able to iden-

tify three strong ligaments to which he gave the names radial, anterior oblique and posterior

oblíque. He also described weak anterior, and strong posterior, inter-metacarpal ligaments

situated between the first and second metacarpals. Pieron, while in general agreement, found

the radial ligament to be dorsally placed and thus renamed it the 'dorso-radial ligament'.

MacConaill (19531 wrote'Whatever the end intended by the arrangement of artícular liga-

ments, that arrangement must allow the coniunct rotat¡on imposed upon the moving part by

the shape of the fixed surface'. Pieron {1973} found that the four ligaments of the T'Ml ¡oint

'are of a different length and also their insertion has an asymmetrical arrangement', and pointed

out that a ligament only functions when it is tight, and that 'generally speaking it has an in'

hibiting function. Furthermore it has a specific role which depends on the course of its fibres

and its points of attachment', His findings are summarised in the following table, which also

includes the area of ioint contact.

Position of Ml Area of joint contact Maximal span of ligaments

ulno-dorsal* (extension-adduction)

radio-dorsal* (extension-abduction)

radio-volar* (radial-abduction)

ulno-volar* (opposition)

ulnar* (adductionl

ulno-dorsal quadrant

dorso-radial quadrant

dorso-radial quadrant
radio-volar quadrant

ulno-volar quadrant

ulno-volar quadrant

1. ant. oblique
2. dorso-radial lradial %l

1. ant. oblique
2. dorso-radial (ulnar %)

3. post. oblique
4. inter-metacarpal

1. ant. oblique
2. post. oblique
3. inter-metacarpal

1. dorso-radial
2. ant. oblique

1. dorso-radial
2. ant. oblique

Table 2.1 Tñtl joint ligamentour function. Pieron (1973)
* = correspondíng terms us6d ¡n this study.
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Although Pieron's is the most comprehensive report on the function of the various liga-

ments, others have contributed to our knowledge. To date the function of the ligaments ís

still debated.

Haines (1944) considered the anterior oblique ligament to limit the range of extension and

to produce lateral rotat¡on whích he observed occurred at the limit of extension. Warwick and

Williams (1973) supported this view, attribut¡ng the lateral rotation to the sellar articular sur-

faces and considered also that the ulnar side of the base of the metacarpal bone becomes

anchored by tension in the anterior oblique ligament while the radial side remains free to

move.

A number of authors (Gedda, 1954; Eiken, 1971; Burton,1973; Eaton and Littler, 1973;

Kessler et al., 1976) considered the anterior oblique ligament to be the most ¡mportant l¡ga-

ment because, in their opinion, laxity in this ligament results in dorso-lateral subluxation of

the T-Ml joint.

Haines (19¿t4l noted that medial rotat¡on occurred at the lim¡t of flexion; he claimed this

was due to tension in the posterior oblique and the posterior inter.metacarpal ligaments.

Warwick and Williams (1973) attributed medial rotation to the geometry of the articular sur'

faces and to the obliquity of the fibres of the posterior oblique ligament which, when taut,

anchors the ulnar side of the base of the metacarpal leaving the radial side free to move. From

his dissections, Lewis 119771 found that the posterior oblique ligament inserted also into the

posterior aspect of the base of the first metacarpal but he did not mention what effect this

might have on the function of the ligament.

Differing views have been expressed over which tissues limit abduction. Haines (1944) sug-

gested the posterior oblique ligament, whereas Bosien-MØller (1976) considered thís the func'

tion of the inter-metacarpal ligament. He described the intermetacarpal ligament as being

'Y-shaped' with two attachments to the base of the second metacarpal. These unite and the

common stem inserts into the medial aspect of the first metacarpal base. Bosjen-Møller fur-

ther found that th¡s ligament also prevented radial subluxation and that it was the axis for

circumduction in abduction during which the metacarpal rotates on the radial part of the

trapezium.

Eaton and Littler (1973) and Pieron (1973) (æe Table 2.1) rated the function of the pos'

terior oblique ligament as relatively insignificant. However, according to Gedda (1954), Stras'

ser in 1917 considered that this ligament controlled the range of opposition. Haines (1944)

was of the same opinion, but considered that the anterior oblique and inter'metacarpal liga-

ments contributed also.

While the exact position of maximal congruity of the T-Ml joint is unresolved the following

quotation, of Barnett et al. (1961, page 213) seems most appropriate - '. . . the occurrence of

conjunct rotation in a joint as the close-packed position is being approached enables l¡gaments

to become taut serially instead of in unison' and on page 2'14'. . . not all lígaments are neces'

sarily tense in all terminal positions'. Pieron's findings, as set out in Table 2.1 would appear

to support these statements.

Barnett et al. (1961, page 208) also wrote 'lt is generally accepted that the type of move'

rnent that can occur at any joint depends on the form of the articular surfaces, the restraining

influence of ligaments and the control exerted by muscles acting upon the joint. lt is obvious

that the same factors are likely to play a part in bringing movement to a halt . . .'
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Landsmeer (1976) considered that the'role of the ligaments in producing axial rotation ¡s

fully recognised' but clearly, to date there is no agreement as to the contribution of the liga'

ments and articular surfaces to the mob¡l¡ty or the stab¡líty of the T-Ml joint.

2.3 Kinematics of the T-Ml Joint

As recently as 1976 Landsmeer wrote'the designation and terminology of thumb

movements have not been resolved satisfactorily'. Further to this statement there is

still no standardisation of measurement.

Several authors have tried to analyse thumb movements and in particular the combined

movement of circumduction, however they have used different points of reference. Söderberg

(1953) and Ebskov (1970) used the tip of the thumb whereas Hamonet et al. (1972) related

movements to the metacarpal head. The site of rotation has created much difference of opin-

ion. Bunnell (1938), Kapandii (1963) and Tubiana and Valentin (1968) considered that ít

occurred at the metacarpo-phalangeal joint, whereas Napier (1955), Kaplan (19661 and Pieron

(1973) described rotation as occurring at the T'Ml ioint'
Movements at the T-Ml joint have been described in relation to the shape of the articular

surfaces (Sömmeríng, 1839; Kivilaasko, 1919; and Kapandji, 1970). Most recent authors,

Kaplan (t96Er, Swanson (19721, Burton (1973), Eaton and Littler (1973), Kuczynski 11974ì.,

Landsmeer (1976) and Smith and Kuczynsk¡ (1978), consider the joint to be saddle'shaped

with three degrees of freedom. More recently, in an attempt to standardise the movements,

de la Caffinière (1970) and Pieron (1973) have described the movements in relation to the

plane of the second and third metacarpals.

The ranges of movements for 'normal' T-Ml joints have been quoted by many authors, as

set out in Table 2.2, but they omit to give the criteria for normalcy, whether they were active

or passive movements performed in vivo or in autopsy material, whether related to age and

gender and further to describe the exact direction of the movements or the f¡xed points from

where the measurements were taken.

Author Date Movement Range

Angular

1200
1 200
1 100

90-1 200

600

1so- 3oo

Rotary

900
900
250

300

Söderberg
Bunnell
Kaplan
Tubiana & Valentin
Curtis

Kapandji
Curtis
Landsmeer

Kapandji
Curtis
Landsmeer

Leach & Bolton 1 968

Kessler & Axer 197',\

Opposition

Flexion to Extension

Adduct¡on to Abduction

Palmar Abduction

All movements

1 953
1 938
1966
1968
1974

1 963
1974
1976

1 963
1974
1976

5oo- 900
550
550

4oo.5oo
450
450

Table 2.2 Range of mov€msnG at the T{líl ioint



I

MacConaill (1946) described the surfaces of the T-Ml ioint as 'sellar' (saddle'shaped). He

also introduced a new terminology for movements at joints when he described two kinds of

displacement of a moving surface upon a fixed one, 'spinning' and 'sliding'. A moving surface

'spins' when it rotates about an axis which is perpendicular, at the point of contact, to the

fixed surface. All other movements are described as 'sliding'. When there is no concomitant

'spin' the movement of the bone is termed a 'swing' and occurs in the same plane. However

'slides' are often along curved pathways and thus'spin'occurs simultaneously. This continu'

ous spin is called 'conjunct rotation'.

Barnett et al. (1961, page 185) stated that in sellar joints 'the degree of congruity between

the surfaces will determine to a certain extent the amount of conjunct rotation'. Haines (19441

described axial (conjunct) rotation as taking place at the extreme range of flexion and exten'

sion stating that th¡s was a function of the ligaments. Pieron (1973) demonstrated that ax¡al

rotat¡on occurs 'throughout the entire motion spectrum of extreme positions' which make up

circumduction, rather than in flexion and extensíon only.

ln reference to the T'Ml joint, MacConaill (1946) noted that'a clockwise diadochal dis'

placement upon a sellar surface is accompanied by an anti-clockwise coniunct rotation of the

displaced body, and conversely'. This appears to be contradictory to further description of

circumduction in which he stated that during the f¡rst half the metacarpal rotates about its own

axis in one direction and then it rotates in the opposite d¡rection as circumductíon is com'

pleted. This is another example of the lack of definition of the direction and start¡ng position

of circumduction and in which thumb it ¡s being described. Pieron (1973) describedhisfind-

ings in more detail, but he too, om¡tted to say (in his summary of findíngs) in which direction

the right thumb was being circumducted. He failed to emphasise that in the same thumb the

direction of axial (conjunct) rotat¡on alters with the direction of the circumduction. Pieron

(1973) found that 'during motion in the radial curve Ml rotates in a clockwise direction and in

the ulnar curve axial rotat¡on occurs in an anti-clockwise direction in the right hand, viewed

from distal to proximal'. Landsmeer (1976) in quoting Pieron's work neglected to even men-

tíon which hand was being described, let alone the direction of circumduction.

Apart from axial (conjunctl rotation, the anatomical reports cited have tended to disregard

the importance of accessory joint movements at the T-M1 joint. Warwick and Williams {1973)

considered distraction and rotation to be the only accessory movements at this ioint, disregard'

ing the concomitant sliding movements that on x-ray can be seen to occur. Lass'ere et al.

(1949) described the metacarpal sliding laterally during adduction, leaving the medial part of

the trapezium uncovered (in direct contrast to Pieron's, 1973, findings). Some authors have

built mechanical models ¡n an attempt to show that movements occur about a moving axis.

Bausenhardt (1%9), buílt a model with symmetrically-shaæd articular surfaces thus con-

sidering that the metacarpal follows a symmetrical path. Pieron (1973), realised tlre short-

comings of Bausenhardt's model and created a model based on a radiographic study of the

location of the first metacarpal in five positions, which together comprise circumduction.

He was then able to describe the pathway of the first metacarpal over the trapezium during

circumduction. That the metacarpal moves over the trapezium implies that accessory move'

ments must have occurred but he did not specifically describe these.

Clinicians have described the importance of the normal coupling of physiological move'

ments with accessory movements (Mennell, 1964; Maitland, 1977 a and b;Trott and Goss,

1978) but only ín the last decade or so has their clinical experience been supported by re-

search. Pieron's work did much to lessen this gap between anatomists and clinicians, but
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further research is needed to establish the importance of accessory joint movements in the

normal function of the T-M1 joint.

2.4 Congenital Abnormality of the T-Ml Joint

Apart from heritable disorders of connective tissue which may affect mobility of all
' joints (McKusick, 1972l,, congenital abnormality of the T-M1 joint appears to be un-

common.

Rushforth (1949) described a case of congenital abnormality involving both the trapezium

and first metacarpal of both thumbs. He consídered that the condition might be related to

abnormal ossification of the trapezium, and quoted the work of Pfitzner (1895) who described

four centres of ossification of the trapezium, Nissen (1933) recorded two cases of an accessory

trapezium.

No report of congenital fusion of the T-Ml joint was found.

2.5 Mobility at Adjacent Joints and its Effect on T-Ml Joint Mobility

Study¡ng ¡oint mob¡lity, Wood (1971) advanced the concept of considering the inter-

relationship of motion between joints. He noted that in the fingers the proximal

inter-phalangeal joints with the lowest frequency of hyper-extension were associated with dis-

tal inter-phalangeal joints with the greatest frequency of hyper-extension, and vice versa.

Frequently loss of mobility at the T-Ml joint results in increased mobility at adjacent

joints. Swanson (1972l,and Burton (1973) reported that in patients with stiff osteo-arthrotic

T-M1 joints there was increased mobility in the metacarpo-phalangeal and inter-phalangeal

joints.

Following surgical fusion of the T-M1 joint, Müller (1949)and Kaplan (1966lfound a com-

pensatory increase in movement at the trapezio-scaphoid joint, whereas Eiken and Carstam

(1970) noted an increase in the range of extension at the metacarpo-phalangeal joint. On the

other hand, Carroll and Hill (19731 reported an increase in range in both these joints following

surgical fusion of the T-M1 joint.

No reports were found in the literature that the converse is true, that is, that decreased

mobility in adjacent join* may result in a compensatory increase in T-M1 joint mobility.

Perhaps this is because of the negligible movement found in the other trapezial artículations

with the scaphoid, trapezoid and second metacarpal (Kessler et al., 1976).

2.6 Other Factors Affeæing Joint Mobility and their Effest on T-Ml Joint Mobility

Apart from local variation in shape of the articular surfaces and relative tension in the

capsule and ligamenæ which affect the mobility of that particular joint, the following

factors may affect an individual's overall state of joint mobility.

2.61 Race

Considerable confusion exists about racial variations; From his clinical experience,

McKusick {'1972l- considered Negroes to be more mobile than Caucasians. This was

substantiated by the earlier findings of Harris and Joseph (19491 who compared the mobility

of Africans, Europeans and lndians in a study of the metacarpo-phalangeal and inter-phalangeal

joints of the thumb. They found lndians to be the most mobile, followed by Africans and then

the European group. The findings of Schweitzer (1970) were very similar.

Wood (1971) found no clear difference in mobility between Caucasians and Negroes. ln
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some jo¡nts, such as the d¡stal inter-phalangeal, Negroes were more mobile, but they were

found to have stiffer elbows and proximal inter-phalangeal joints. Others (Beighton et al.,

1973) looked at the mobilíty of ethnic African groups but no comparisons were drawn with

recognised norms for Caucasians, the major problem being that of establishing suitable criteria

by which to judge the existence and degree of mobility.

While finger ioint mobility has been researched in some detail, no references to race and

the mob¡lity of the T-M 1 joint were found.

2.62 Age

Most of the authors reviewed agreed that age had a bearing on peripheral joint mo-

bility. H¡stologically there is adequate support for this concept on the basis of

changes in collagen tissue. Versãr (1963) found an increase in the number of cross-linkages in

collagen with ageing. Ridge and Wright {1966) and Sussman (1973) considered collagen to be-

come stiffer in the elderly and as this is the main component of joint capsules and ligaments,

which are largely responsible for limiting joint movements, joint mobility decreased.

Beighton et al., (19731 on examining an Afrícan population, found peripheral joint mo-

bility to dimínish w¡th age, with range decreasing rapidly as childhood progressed, but more

slowly through adult life. The earlier work of Wynne-Davies (19711 concurred with this.

Decreasing joint range with increasing age has been further illustrated by the work of Ellis

and Bundick (19561 and Silverman et al. (1975) specifically in relatíon to extension of the

metacarpo-phalangeal joint of the little finger, and by Wood (1971), who, while finding elbow

mobility to be unaffected by age, noted a marked age gradient in the range of movement in

the proximal inter-phalangeal joints of the hand.

No articles specifically discussing the mobil¡ty of the T-Ml joint in relation to ageíng were

found, except in relation to osteo-arthrosis and age. Gervis (1949), Aune (1955), Burton

(1973), Eaton and Littler (1973), Kessler (19731 and Amor (1976) described osteo-arthrosis

of the T-M1 joint as a compla¡nt of middle age, finding it more prevalent in the fourth and

fifth decade. However, Weinman and Lipscomb (1976) found it to be more common later in

life, that is, in the fífty to seventy year group.

2.63 Gender

Harris and Joseph (19491 and Loebl (1972t. noted the metacarpo-phalangeal and

inter-phalangeal joints of the thumb and fingers to be more mobile in women.

Clarke et al. (1975) in delineating the normal range of movements at the gleno-humeral joint

found significant age and sex differences in range of motion (and stressed the importance of

matching individuals on these two variables in studies on joint mobility).

ln surveying a large number of peripheral joints, Beighton et al. (1973) and Grana and

Moretz (1978) found women to be more mobile than men of the same age.

Sex differences in the mobility of the T-M1 joint have not been studied as far as an exten-

sive literature review could ascertain.
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2.æ Dominance

Greater finger joint mobility on the non-dominant side has been reported by a

number of authors (Loebl, '1972;Wood,1971; Beighton et al., 1973). While Beigh-

ton et al. (1973) gained the 'strong clinical impression . . . that all other paired joints conform

to th¡s pattern', Wood (1971) found the inter-phalangeal jo¡nt of the thumb and the proximal

inter-phalangeal joint of the index finger, as well as the elbow, to be stiffer on that s¡de. Ac-

cordingly, ¡t is diff¡cult to draw any conclusions re the effect of dominance.

Again, no references were found in whích the effect of dominance on T-Ml joint mobility

was reported.

2.65 Body build

Beighton et al. (1973) found no relationship between physique (as expressed by the

ponderal index and metacarpal length) and joint mobility, commenting that the

general assumption that tall, thin indivíduals tend to be more loose-iointed than those with a

short stocky build is erroneous. This substantiated the earlier work of Nicholas (1970).

ln contrast to the previously mentioned authors, Khasigian et al. (1978) reported an asso-

ciation between body type and rotational laxiry of the knee.

No associatíon between body build and the T-M1 joint has been found in the literaturere-

viewed.

2.æ Obesity

Green et al. (1965) found the mobility of shoulders, elbows and wrists to be in-

versely related to body weight.

Apart from a possible relationship between obesity and the development of osteo-arthrosis

(Silberberg et al., 1969; Kellgren, 1961; Goldin et a|.,1976) no reference to obesity mechanic-

ally limiting joint movement and, in particular, movements of theT-M1 iointwasfound. This

is somewhat surprising considering other joints in which soft tissue apposition is the limiting

factor, for example, in hip and knee flexion.

2.7 Occupational influence on T-M1 Joint Mobility and Stability

No reports were found on the effect of particular occupations on the mobility and

stab¡l¡ty of the T-Ml joint. Occupational effects on the incidence of osteo-arthrosis

of the T-M 1 joint are discussed in section 2.82.

Although not related to any specific occupat¡on, Cooney and Chao (15771 in a biomechani-

cal analysis of static forces in the thumb during hand function demonstrated.that on applica'

tíon of a pinching force of 1 Kg between the thumb tip and index finger a compressive force of

12 Kg is developed across the T-M1 joint, and during strong grasping this may be as high as

120 Kg. They considered the larç rotational moments during'pinch'and'grasp', especially

during pinching between the tips of the thumb and fingers, to be responsible for subluxation

deformity and instability at the T-Ml io¡nt.

Experimental evidence has demonstrated that articular cartilage is susceptible to compres'

sive forces. Salter and Field (1960) and Bullough and Walker (1976) demonstrated compres'

sive damage in areas of the knee joint where there are severe local stresses. Madrigal and

Schwartz (19791 were able to induce degenerative changes in articular cartilage of rabbits by
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increasing and decreasing articular pressure. Further research is indicated to establish whether

human articular cartilage responds in the same way.

The importance of movement to the nutrition of adult articular cartilage has been well

established (Ekholm, 1955; Maroudas et al., 1968; Caterson and Lowther, 1978). Exerciseof

the joint appears to increase the penetration of cartilage by nutrients from the synovial fluid.

Direct evidence for the nutritional importance of joint movement and compression has been

demonstrated by Caterson and Lowther (1978). They immobilised one foreleg of a sheep in

a plaster cast, thus preventing movement and weight-bearing on that leg, and increasing the

weight-bearing on the other foreleg. Since there was little change in the stress on the two h¡nd

legs these served as controls, After a month of immobilisat¡on, the cart¡lage from the ankle

joint in the plaster cast showed a significant reduction in proteoglycan content, apparently due

to a reduced rate of synthesis by chondrocytes. Examination of the cartilage of the ankle of

the other foreleg showed a slight increase in proteoglycan content and a marked increase in

the rate of proteoglycan synthesis by the cells when compared with the control hind legs.

Since there was no alteration in the histological appearance of either the synovium or cartilage

from the foreleg joints the conclusion drawn was that alterations in proteoglycan synthes¡s

and content were the result of nutritional changes directly related to joint movement and

stress. The advantageous effect of increased compress¡on, applied to varying areas of cartilage

as the sheep moved its ankle, contrasts with the effects of severe stress reported above (Salter

and Field, 1960; Bullough and Walker, 1976).

Clearly there is a need to study the effect of occupational use on the mobility, stabil¡ty and

incidence of osteo-arthrosis of joints. ln relation to the T-Ml joint, occupations that involve

intermittent compressive forces (for example, manipulative therapy) and occupations that re-

quire sustained gripping (for example, tailoring and dressmaking; playing the violin, viola and

'cello) suggest themselves for investigation.

2.8 Osteo-arthrosis of the T-Ml Joint

Burton (1973) described arthrosis of the T-Ml joint as occurring in three groups of

patients. The largest comprised middle-aged individuals, mostly female, with no his-

tory of trauma. Those in the second group, often male, had a history of specific trauma, for

example, fracture-dislocation of the T-Ml joint, with gradual onset of instability and osteo'

arthrosis; the third group consisted of individuals with rheumatoid arthritis. As this study ¡s

related to the f¡rst group the literature review is accordingly confined.

2.81 Pathogenesis

There are two contradictory concepts regarding the pathogenesis of osteo-arthrosis

of 'the base of the thumb'. Proponents of the first concept (Mrlller, 1949; Leach

and Bolton, 1968; Eaton and Littler, 1969; Carroll and Hill, 1973) considered that in most

cases, degenerat¡ve changes develop at the T-M1 joint without involving the other articular

facets of the trapezium. The second concept postulates that osteo-arthrosís always develops

in all, or most, of the articulatíng surfaces of the trapezium. This was advanced by Aune

(1955), Sims and Bentley {1970}, Swanson {'19721, Kessler (1973) and Kessler et al. (1976)

who also reported that degenerative changes are most marked in the T-M1 ioint.
Burton (1973) took this subiect one step furtler claiming that osteo-arthrosis at the base

of the thumb develops progressively through three stages. The firsttwo involve the T-Ml ioint
alone, whereas the third, the most advanced stage, represents a pantrapezial osteo-arthrosis.
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2.82 Et¡ology

The etiology of osteo-arthrosis of the T-Ml joint remains a matter of conjecture.

Most authors (Gervis, 1949; Aune, 1955; Leach and Bolton, 1968; Eiken and

Garstam, 1970; Sims and Bentley,197O; Kessler and Axer, 1971; Kessler, 1973;Kessleretal.,

1976) have described osteearthrosis of the T-M1 joint as being found predominantly in middle-

aged women. Hormonal imbalance was postulated by several of these authors who found a

high incidence in post-menopausal women. The hormonal effects of post-menopausal status

are discussed in more detail in sect¡on 2.€jÍ1. lt ¡s d¡fficult to attribute systemic alterations in

hormone levels as the sole cause of T-M1 joint involvement when other joints are spared.

Local anatomical and functional conditions are undoubtedly of great ¡mportance as etiological

and pathogenic factors.

It would seem reasonable to postulate that stresses upon a joint could predispose to osteo-

arthrosis. Yet surprisingly there appears to be no formal research into the effect of occupation

on the T-M1 joínt. Although several authors refer to the deleterious effects of certain occupa-

tions, manipulative therapy and strínged ínstrument playing are not included.

Leach and Bolton (19681 reported osteo-arúrrosis of the T-Ml jointto bemorecommon in

housewives over the age of 45 years. This statement was not based on scientific sttJdy but

merely reflected the authors' clinical impressions. Possibly gender, age and hormonal status

were etiological factors as important as the occupat¡on of housewife.

Eiken and Carstam (1970) implicated ta¡lor¡ng and dressmaking and Uüller (1949) reported

advanced cases of osteo-arthrosis of the T-Ml joínG of factory workers doing hearny sewing

such as upholstery or mattress-making. ln contrast to this, Aune (1955) reported no relation-

ship between osteo-arthrosis of the T-Ml ioint and occupat¡on. He based his findings on 22

cases and drew attention to the fact that osteo-arthrosis was more common in women, from

which he concluded that osteo-arthrosis was not related to heavy manual work undertaken by

men.

As previously detailed, many authors described the capsule and ligaments of the T-Ml joint

as being relatively loose which allows for'mild subluxation' during normal functional activ¡ties

of the thumb. Eaton and Littler (1973) advocated the use of stress X-rays to demonstrate any

excessive laxity. They, wiüt Leach and Bolton (19681, Cho (1970), Eiken (1970)and Burton

(1973,, considered. insubility a major cause of osteo-arthrosis in this joint, and in particular

referred to dorso.radial subluxation. Kessler et al. (1976) considered that rad¡al instabil¡ty or

subluxation, seeñ on an antero-posterior radiograph, is related not to osteo-ardrr¡tis but to

hypermobility. Furürer evidence for this hypothesis had come from Kirk et al. (1967) who,

from their study of people wiür generalised joint hypermobility, found the T-Ml ioint to be

one of the common sites of premature degeneration. The work of McDevitt and Muir (1976)

lends experimental evidence to the concept that osteo-arthrosis is secondary to instabil¡ty.

lnstabil¡ty was produced in the knee joints of healthy dogs be severing the anterior cruc¡ate

ligament. This resulted in loss of proteoglycan and fibrillation of the cartilage surface. The

experiment was suggested as a suilable animal model of the osteo-arürrotic process since Úle

morphological and biochemical changes in the anicular cartilage closely resemble those seen in

the human disease process.

There are differences of opinion æ to the first siæ of degenerative changes in the T-M1
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joint. Burton (1973) and Eaton and Littler (1973) implicated the dorso-radial aspect of the

trapezium. This would of course fit the concept of dorso-radial subluxation being a cause of

osteo-arthrosis. Lassìre et al. (1949) and Weinman and Lipscombe (1967) considered the

medial aspect to be the primary site, The fact that joint contact is on the medial aspect during

opposition and adduction (Pieron, 1973) may well support this latter viewpoint.

By staining the articular cartilage Meachim and Emery (1973) showed that in general the

first signs of degeneration appear peripherally as early as the second decade of life and that

the changes spread from the periphery to include the other areas of the cartilage. This occurs

in a pattern that is typical for each joint. No pattern has been established for the T-M1 joint.

Aune (19551 noted, from X-rays of his series of 22 patients with osteo-arthrosis of the T-M 1

joint, that the articular surface of the trapezium was directed in a more palmar and radial

direction than usual, thus giving a more oblique and unstable supporting base to the proximal

end of the f¡rst metacarpal. Smith and Kuczynski ('1978), from their dissection of 32 hands,

found degenerative changes in T-M1 joints in which the trapezii were directed, in the trans-

verse plane, at an increased angle from the second and third metacarpals, that is, in a more

palmar direction. Additionally these trapezii were more horizontal, that is, less inclined from

the long axis of the shaft of the second metacarpal in the sagittal plane.

2.83 Post-menopausalhormonaleffects

Discussion of the effects of hormonal changes associated with menopausal and

post-menopausal status in women is pertínent to a study of osteo-arthrosis of the

T-M1 joint as many authors associate the two.

Hormonal imbalance in post-menopausal women is considered by many to be an important

factor not only in the development of osteo-arthrosis of the T-M1 joint, but also in the develop-

ment of osteoporosis and osteopenia.

Osteopenia denotes a reduction in the cortical or trabecular bone volume, without indicating

whether cortical porosity is present. When this occurs after the atta¡nment of skeletal maturity

it is referred to as'involutional osteopenia'. According to Thomson and Frame (1976) 'invol-

utional osteopenia is the most common metabolic bone disorder affecting the elderly'.

On the other hand, an osteoporotic bone has less bone than a comparable'normal' one.

According to Frost (19661 there is no characteristic quality in the histology. Further Khairi

and Johnston (1978) described osteoporosis as'the most common metabolic disease of the

elderly'.

From these two examples it can be seen that the terms osteopenia and osteoporosis are

flequently interchanged. Garn et al. (1971) wrote'there are no established standards for

separating these two entities since failure to form bone and loss of existing bone cannot be

reliably differentiated from a single radiograph'.

Age-related bone loss commences at least a decade earlier in women than men (Thomson

and Frame, 19761 and was termed'post-menopausal osteopenia'by these authors. The rate

of bone loss was found by Exton-Smith et al. (1969) to be SToformen andTo/o forwomen per

decade. Lindsay et al. (1976) and Khairi and Johnston (1978) quoted 10% loss per decade but

did not give separate rates for men and women.

Authors differ as to whether bone loss is due merely to age or to low oestrogen levels.

Riggs et al. (1973) found no significant difference in circulating hormone levels between post-
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menopausal women ând an age-matched control group. However, Nordin et al. (1975), Lindsay

et al. (1976, 19771, Reeve et al. (1976), Marshall et al. (1977) supported the view that low

oestrogen production, although not necessarily the sole cause, is definitely related to osteo-

porosis. Garn et al. (1964, 1967) and Newton-John and Morgan (1968) contended thatosteo-

porosis can result solely from loss of bone due to age and that osteoporosis is more dependent

on skeletal mass at maturity.

ln women skeletal loss in the hands is due exclusively to endosteal bone loss (Thomson and

Frame, 1976). Horsman et al. (1977) observed the sequential changes in bone mass in post-

menopausal women in a controlled trial of oestrogen and calcium therapy. The results showed

that pre-menopausal women neither gain nor lose bone from the endosteal surface. The onset

of bone loss is temporarily associated with menopause due to low oestrogen levels, and that

post-menopausal women with good oestrogen status lose bone less rapidly than women with

poor oestrogen status.

Thomson and Frame (1976) consider radiogrammetry to be the only means of quantitating

bone loss (or gain) at the periosteal or endosteal bone surfaces.

Clinically, when establishing criteria for normalcy, there is a need for a method of estimating

the amount of bone which takes age into account. From postero-anterior X-rays of the hands,

Exton-Smith et al. (1969) constructed percentile-ranking curves for the ratio of cortical bone

to total area of bone, Using these curves an individual's skeletal status can be assessed in

relation to others of the same age and gender. It was also found that this method minimised

the effect of differences in skeletal síze between men and women.

There have been no reports in the literature which establish a relationship between menstrual

status, presence of osteopenia/osteoporosis and degree of osteo-arthrosis in the T'M1 ioint.

2.9 GeneralisedPeripheralJointHypermobility

This subject is reviewed in considerable detail as it includes the characteristics of one

group of individuals examined ¡n th¡s study. Further, the selected peripheral joint

mobility tests carried out on all subjects in this study were based, with certain important modi'

fications, upon those described in the literature.

While generalised hypermobility is a factor which may enter into the genesis, severity or

progression of a joint or connect¡ve tissue disorder, it may occur without symptoms in normal

individuals as a simple inherited entity or as an isolated finding.

According to McKusick '1972l., H¡ppocrates in the fourth century B.C. made the f¡rst

known reference to hypermobility when he portrayed the Scythians as being so loose-limbed

that they'can neither strain with their bows nor launch the javel¡n from their shoulder'.

2.91 Heritable disorders of connective t¡ssue that manifest generalised peripheral ioint
hypermobility

Not until the close of the nineteenth century was hyper-mobility recognised as

having any clinical significance; early descríptions were by Tschernogobow (1892) and Marfan

(1896).

Later, further heritable disorders were described (Table 2.3).
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Disorder Predom i nant Manif estations Author

Marfan's
Syndrome

Ehlers-Danlos
Syndrome

Marfanoid
Hypermobility
Syndrome

Archard's
Syndrome

Osteogenesis
lmperfecta

Hyperlysinaemia

Ectopia lentis
Excessive length of long bones

H yperelasticity anf f ragi I ity
of the skin

Hyperelasticity of the skin and
Marfan skeletal features

Arachnodactyly with mandibular
dysostosis

Brittle bones
Blue sclera

Gross physical and mental
retardation

Marfan (1896)

Tschernogobow (1892)

Walker et al. (1969)

Parish (1960)

Follis (1952)

Ghadimí et al. (1969)

Table 2.3 Heritable disorders of connective t¡s.u€ ürat manifest çneralised joint hypermobility

All of these heritable disorders are rare; generalised joint hypermobility occurs more often as

an isolated finding in an otherwise normal individual.

2.92 Generalisedperipheraliointhypermobilityin normal individuals

The literature supports a familial tendency for generalised hypermobility. Joint

laxíty in more than one member of a family was reported by MacLeod (1882) but

Finkelstein (19161 was the first to examine hypermobile families.

Sturkie (1941)considered the inheritance of hypermobility to be dominant,with avariable

degree of expression and with Beighton and Horan (1970) postulated two distinct and separate

genetic entities. One in which excessive joint laxity existed without any musculo-skeletal signs

or symptoms and a second, in which it was associated with numerous orthopaedic and rheu'

matic complaints. ln 1967 Kirk et al. coined the phrase, 'hypermobiliW syndrome'to describe

generalised joint laxity when it was the cause of musculo-skeletal complaints in an otherwise

normal individual.

One of the few reports of isolated hypermobility where the family history was negative

(Sutro 1gl7l , showed in addition, that the young men concerned were unaware that they were

hypermobile.

Wood (19711 considered that hypermobility was not a discrete ent¡ty, but one end of a

normal continuum of joint mobility with limitation of movement at the other. Graham and

Jenkins l1S72l and Silverman et al. (1975) supported this concept.

2.93 Pathogenesis

Sutro (1947) described hypermobility due to 'overlengthened' capsular and liga'

mentous tissues. Both Beíghton and Horan (1970) and Wynne-Davies (1970)

suggested that hyper-extensible joints result from a defect in collagen formation, probably

due to a minor inborn abnormality of connective tissue.

The nature of the structural or developmental change in collagen formation remains largely

obscure, certainly for the normal individual with generalísed hypermobility. Pinnell et al.

(19721 recorded 'the first description of a chemical abnormality of collagen in man' - a defi-

ciency of hydroxylysine in dermal collagen. Certain hydroxylysine residues in collagen are

involved in cross-linkage and if defective, result in decreased structural integrity of the col-

lagen allowing stretching beyond 'normal' limits.
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2.94 Criteria for generalised ioint hypermobility

The major difficulty in an investigation of this subject is that of establishing suit-

able criteria by which to judge the existence and the degree of hypermobility.

Various criteria have been propounded,and are set out in Table 2.4, The numberand type

of tests and the criteria used show considerable variation.

Grant (1979), in selecting joint mobility tests for a matched pa¡r study of hypermobility,

first carefully excluded tests which involved movement at more than one joint (for example,

thumb to anterior aspect of forearm); second, she modified tests which could be considered

measures of muscle extensibílity rather than joint laxity (for example, extension of the fifth

metacarpo-phalangeal joint with the l¡ttle fingerextended);third, she included an equal sample

of both upper and lower limb joints rather than a preponderance of upper limb movements (for

example, Beighton et al., 1973); and fourth, all her tests were passive movement tests (Grahame

and Jenkins, 1972, were the only workers reviewed who did not have a mixture of active and

passive movement tests).

2.95 lncidence and sequelae

Sutro (1947) found 4Yo of 235 adults to have hypermobility of three or more pairs

of joints, whereas Carter and Sweetnam (1960) noted only two ind¡viduals out of

200 in a review of adult outpatients; Carter and Wilkinson (1964) Íound 7o/o of 285 school

children to be hypermobile.

Although generalised joint hypermobility is present in a relatively small segment of the

population, it is sufficiently frequent to warrant diagnosis and treatment of the adverse seque-

lae that are reported by many authors to occur, These include injury to ligaments (Nicholas,

1970); recurrent dislocation of the shoulder and patella (Carter and Sweetnam, 1958, 19601;

congenital dislocation of the hip (Carter and Wilkinson, 1964; Wynne-Davies, 1970); recurrent

knee and ankle effusions (Sutro, 1947) and premature osteo-arthrosis (Kirk et al., 1967; Bírd

et al., 1978; Scott et al., 1979).

Scott et al.(1979) showed significantly greater joint laxity in a group of patients presenting

with symptomatic osteo-arthrosis compared with a control population of similar age and

gender with no clinical evidence of the disease. Bird et al. (1978) postulated an association

between joint laxity and chondrocalcinosis, suggesting that th¡s might be the end result of

hypermobility in joints. They called this syndrome 'the arthritis of hypermobility'.

Kirk et al. (1967) specifically noted premature osteo-arthrosis in the T-Ml ¡oint. ltwould

appear that no detailed study has been conducted into the relationships between osteo-arthro-

sis, mobility of the T-M1 joint itself, and generalised ioint hypermobility
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AUTHOR CRITERIA FOR
HYPERMOBILITY

MOVEMENT TESTS USED

Carter and Wilkinson
(19il1

Three or more movement
tests.

Grahame and Jenkins Not specified
119721

Bírd et al. (19781

Three or more pairs of joints.

Eight or more joint
movements

No specific criteria (most
individuals, three or more
joint pairs positivé).
Numerical score (0-91.

Three or more pairs of joints.

A 'loose' individual = one
or more movement tests
accomplished

One or two standard
deviations above the mean
of normal values given.

Four or more movement
tests (numerical score 4/9
or greater).

More than 40 points out of
a possible 72 points,

Fifth metacarpophalangeal
ioint extension beyond 90o
as an indication of gener-
alized joint hypermobility.

Not specified.

1. Passive finger extensíon so that the fingers
lie parallel to the forearm.

2. Passive opposition of thumb to anterior
forearm,

3, Hyperextension of elbow beyond 10o
(activel.

4. Knee extension beyond 10o (in weight
bearing),

5, Passive ankle dorsiflexion and eversion to
'an excessive range'.

As for Carter and Wilkinson.

Selected movements, both active and pas-

sive, of all maior peripheral joint groups.
Each measurement 'in excess of normal'for
that joint (age relatedl counted as one
point. Max¡mum Point score = 17.

1, Passivefifthmetacarpophalangealextension
beyond 90o.

2,3 and 4. As for Carter and Wilkinson.
Trunk flexion, palms flat on the floor.

- 4, As for Carter and Wilkinson,
Passive ankle dorsiflexion beyond 45o

Spinal flexion, palms flat on floor.
Recurvatum of the knee of 20o or more,
measured passively in prone.
Knee-ankle rotat¡on - standing so that feet
assume a stra¡ght angle of 180o heel to heel.
H¡p rotation - 'lotus position' or its internal
rotat¡on equivalent.
Shoulder flexion, elbow extension and su'
pination test for upper extremity laxity.

Extension of metacarpophalangeal joint of
hand (? which one, or all).
lnternal rotation of both hips.
Extension of right hip (? left as well)'
Rotat¡on of spine with pelvis fixed.
Back mobility index.

- 5. As for Beighton and Horan, with elbow ex'
tens¡on perf ormed passively.
Passive ankle dorsiflexion 150 beyond right
angle.

I - 5. As for Beighton and Horan,

Tests graded according to degree of hyper'
mobility and point score weighted accord'
ingly.

1. Passive opposition of thumb to forearm.
2. Passive fifth metacarpophalangeal ioint ex-

tension.
3. Passive hyperextens¡on of elbow beyond 50.
4, Passive hyperextension of knee beyond 50,
5, Spinal flexion, fingertips to floor.
6, Ankle dorsiflexion and calcaneal stance po-

sition beyond 20 of eversion.
Movement performed by the hyperexten'
som€ter (with pre{et torque of 2.6 kgcm}'

'Global index of joint laxity'
All major ioint groups represented in move'
ment tests. lnclusion of cervical and lum-
bar spinal flexion and extension and straight
leg raising.

Kirk et al. (19671

Kirk et al. (19671

Beighton and Horan
(1969!

Beighton et al. (19731

Wynne-Davies (1970)

Nicholas (197O1

Howes and lsdale
(r 971)

McNerney and
Johnston (19791

Jobbins et al. (19791

Bird et al. (19791

5,

1

1.
2.

3.

4.

2.
3.
4.
5.

1

6.

5.

Table2.4 Criteria for çneralised joint hypermobility (Grant, 19791



CHAPTER III



19

GROSS ANATOMY OF THE TRAPEZIO.METACARPAL (T.M1) JOINT
(INCLUDING RELATIONS)

3.1 lntroduction

This section provides a general description of the T-M1 ioint and its relations based on

dissection under a dissecting microscope and forms the basis for more deta¡led studies

of joint surfaces (Chapter V), ligamentous function (Chapter lV) and variations in joint func'

tion linked w¡th osteo.arthrosis, occupation, ageing and hand dominance (Chapter Vl).

To facilitate an understanding of the description of the capsule and ligaments, the bones are

described first, altltough they were exposed last'

3.2 Mater¡al and Methods

Twenty.eight (28) un.embalmed specimens of Caucasians between the ages of 16 and

71 years were dissected within 24 hours of death.

An Olympus dissecting microscope with a zooming system was used, giving a magnification

of up to x 40. Specimens were photographed at appropr¡ate stages during dissection, except

where otherwise stated, illustrations presented are based on these photographs.

The terminology introduced by Pieron (1973) has been used as this is considered to be the

most widely known and most comprehensive.

3.3 Bony Components of the T'Ml Joint

The bony components and bony relationships of the T.Ml ioint are illustrated in

Figure 3.1. The main features of the two bones involved are described, limiting the

description to those regions relevant to the T-M 1 art¡culat¡on.

metacaçal 1

metacarpal 2

trapezium

trapezoid

scaphoid

Figure 3.1 Bony relationthipr of thc right T'Itll ¡o¡nt
The tmpezium articulates distally with the base of th€ fißt metacarpal (M11, proximally with the

scaphoid and medially w¡th the trapezoid and the base of the second metacarpal (M2).
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3.31 Trapezium

The trapezium ís an irregularly shaped carpal bone which articulates distally with

the base of M1, proximally with the scaphoid and medially with the trapezoid and

rhe base of M2 (Figure 3.1).

Anteriorly ís the large, almost centrally placed ivolar tubercle'with a'volar ridge'extending

laterally from it (Figure 3.2). Proximal and parallel to this ridge lies a well demarcated groove

for the tendon of flexor carpi radialis.

volar ridge
trapezium

groove for flexor carPi radlalls-

volar tubercle

M1
volar styloid procêss

volar ulnar tubercle

Figure 3.2 Anterior view of thc right Î-IVll joint illu¡trating the bony prominencer of the trspez¡um
and Ml (from Pieron, 19731

Posteríorly (Figure 3.3) the rough surface has two well defined elevations; laterally is the

'dorso-radial tubercle', more medially is the 'dorso'ulnar tubercle'.

dorso-radial tubercle

trapozium dorso-ulnar tubsrcle

dorsal styloid process

M

Figur.3.3 Po¡orior view of right T-Ml ¡o¡nt illustfating the bony pronrinencc of tào trapezium and
Mi (frôm Pîeron, 19731



The lateral surface is narrow and roughened where the lateral ligament of the radio+arpal

joint and the tendon of abductor pollicis longus attach.

The T-Ml articular surface, which occupies most of the distal surface of the bone, faces

antero.laterally. lt is asymmetrícally saddle-shaped with a longer dimension directed medio-

laterally and a shorter one antero-posteriorly. A ridge, concave in its long axis, runs antero-

laterally from the region of the articular surface with M2. This is more pronounced at its

medial end with a progressive flattening laterally. Running transversely to this ridge is a groove

extending from the anterior to the posterior edge of the articular surface and with a convexity

directed distally. The ridge and groove form the two main axes of the joint (adduction/abduc-

tion occurring along the ridge and flexion/extension in the dírection of the groove). The four

quadrants formed by the intersection of the ridge and groove each differ in size and contour

(Figure 3.4). See Chapter V for a detailed account.

Medial

M2 I

t/\\
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Anterior

metacarpal ridge
(concavel

M1

trapezial

Anterior

trapezial ridge
(concavel

Posterior

metacarpal groove
(convexl

L¡teral

1- antero¡nedial quadrant t- postero.lattlral quadrznt
2E post€rofledial quadrant 4- antero-lateral quadrant

medlo-lateral axis antero'posterior axis

Figure 3.4 Articul¡r s¡¡rfæs¡ of the rigltt T{vll joint sho,ving tlrc axæ and quadrrnË

3.32 Base of first metacarpal (M1)

On its anterior surface the base of M1 projects sharply proximally. This'volar

styloid process' lies within the joint capsule. Distally and medial to the volar

styloid process is a small 'volar-ulnar tubercle' which is extra-capsular (Figure 3.2). Posteriorly

a 'dorsal sryloid process' forms a proximal projection. This is smaller and more rounded than

the corresponding volar one and lies within the capsule (Figure 3.3).
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The articular surface is shaped to reciprocate that of the trapezium, but is less asymmetri-

cal. The groove, corresponding to the trapezial ridge, runs antero-laterally but is longer than

the ridge because the articular surface extends onto the antero-lateral and postero-medial as'

pects of the base of M1. The congruence of the T-Ml articular surfaces (in the neutral posi-

tion) is not an exact one, there being close apposition along the medio-lateral axis but a def¡-

nite discrepancy in the antero-posteríor direction.

3.4 Superficial Dissection to Expose the T-Ml Joint

This dissection is made to expose the T-M1 ioint and will be described briefly to

indicate the princ¡pal close relations of the ioint.

3.41 Anterior aspect

Removal of the superficial structures exposes the three muscles of the thenar

eminence (abductor pollicis brevis, flexor pollicis brevis, opponens pollicis) as

well as the lateral part of the adductor pollicis. Next the three thenar muscles are divided at

their insertions and reflected proximally, exposing the tendon of flexor pollicis longus and the

anterior aspect of the T-M1 joint. The thenar muscles are then carefully separated from their

origin on the trapezium and flexor retinaculum and removed together with adductor pollicis

and the tendon of flexor pollicis longus.

3.42 Posterior aspect

Removal of superficial structures exposes the tendon of abductor pollicis longus

running along the lateral aspect of the carpus to ¡nsert into the base of M1. Lying

medial to this are the tendons of extensor pollicis brevis, extensor pollícis longus and extensor

carpi radialis longus.

The first dorsal interosseous muscle is exposed with its two heads of origin from contiguous

sides of the bases and proximal shafts of Ml and M2.

The radial artery runs in an infero.medial direction, crossing the scaphoid and trapezium, to

disappear into the interspace between M 1 and M2. lt passes beneath the arc formed by the two

heads of the f¡rst dorsal interosseous muscle to enter the palm; prior to this it gives branches

to that muscle and to both the thumb and index finger.

With removal of the first dorsal interosseous muscle, the radial artery is fully exposed on

the medíal aspect of the T-Ml joint. The artery, cushioned in fatty tissue, is superficial to the

¡nter-metacarpal ligament of the T-M1 joint, and its main branch, the princeps pollicis artery,

which passes anteriorly along the first metacarpal is now visible. The radial artery turns medi-

ally into the palm to form the deep palmar arterial arch. The artery, smafl veins and fatty

tíssue are then removed.

The T-Ml joint is now fully exposed from all aspects.

3.5 Deep Dissection of the T-M1 Joint

Fine fascia and adipose tissue were carefully dissected to reveal the joint capsule and

ligaments. From the 28 dissections performed, individual variations were encountered

in the width, length and attachments of the ligaments. However, a general ligamentous pattern

could be readily recognised and is presented below.
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3.51 Tendons of Abductor Pollicis Longus

On the lateral aspect of the T-M1 joint is the fibrous sheath of the tendon of ab-

ductor pollicis longus. The under-surface of this sheath is linked by many fine

fíbres to the antero-lateral aspect of the trapezium, the base of M1 and the intervening joint

capsule, necessitating care not to tear the capsule during dissection.

The sheath, when opened, usually contains three separate tendons (in one specimen there

were only two tendons, in another there were four and in a third, five tendons) which insert

into the antero-lateral aspect of the base of M1, but fine fibres are also seen inserting into the

joint capsule. The insertion of the tendons of abductor pollicis longus should therefore be

included in a description of the capsule and ligaments of the T-Ml joint because their sheath

re-inforces the capsule antero-laterally.

Lewis (1977) who dissected 14 hands described a bursa between the abductor pollicis

longus tendon and the lateral ligament of the T-Ml joint: however, none was found in this

series of specimens.

3.52 Ligaments

Four ligaments were identífied - dorso-radial, posterior oblique, anterior oblique

and first inter-metacarpal. The first three mentioned are all thickenings of the cap-

sule whilst the f¡rst ¡nter-metacarpal ligament is extra-capsular.

The shape, direction of fibres and attachments are described for each ligament:

i) Dorso-radial ligament

lmmediately posterior to the insertion of the tendons of abductor pollicis lon-

gus is the dorso-radial ligament. This short, thick, easily recognisable ligament

arises from the dorso-radial tubercle of the trapezium. lts fibres run infero-laterally

to a fairly wide attachment to the edge of the base of Ml on its posterior, lateral and

to a much lesser extent, anterior aspects.

¡¡l Posterior oblique ligament

This long ligament extends from its attachment to the dorso-ulnar tubercle of

the trapezium, around the medial aspect of the T-M1 joint blending w¡th the

capsule, to end on the postero-medial aspect of the volar-ulnar tubercle of Ml (Fig-

ure 3.5).

ln seven specimens (numbers 2,5,8,'1O,21 ,24 &.271 the posterior oblique ligament

had a wide attachment into the posterior aspect of Ml just distal to the articular

margin. ln these specimens only a small number of fibres could be followed around

the medial aspect of the jo¡nt to attach to the volar-ulnar tubercle.

¡i¡) Anterior oblique ligament

The anterior oblique ligament is a short thickening in the anterior capsule. lt
extends obliquely between the volar tubercle of the trapezium and the an-

ter¡or aspect of the volar-ulnar tubercle of the base of M1. This ligament has a con-

sistent relationship with the posterior oblique and first inter-metacarpal ligaments.

Its distal attachment is proximal and slightly lateral to the attachments of these two

ligaments ( Figure 3.61.
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ñ¡t interfl€tacarpal l¡9.

l-ateral

oblique lig.

joint le
lig.

Medial

abductor pollicis
longus

dorso-radial

Figt¡re 3.5 PoLrior viow of right T-lVll ioint
Note tJrE atfrrchmentr¡ and direction of fibres of the dor¡eradial, poste¡ior oblique and
first inter<netacarpal ligaments. The broken line represents the anæhm€nt of the pdterior
oblique l¡gament found in seven specimens in thi¡ series. [n these cas6s the post€rior oblique
ligament re-inforced the posterior a¡pect of the io¡nt capsule.

ivl Firstinter-metacarpalligament

The first inter-metacarpal l¡gament ¡s extra{apsular and shows more variation ¡n

its size and attachment than do the other ligaments.

Most frequentty this ligament was attached to the postero-lateral asp€ct of the base

of M2, adjacent to the insertion of the tendon of flexor carpi rad¡àl¡s longus. The

ligament passes obliquely in an antero-lateral direction to be attached to the medial

aspect of the volar-ulnar tubercle of Ml (Figures 3.5 and 3.6). ln some specimens the

first inter-metacarpal ligament blended with the attachment of the posterior oblique

ligament.

The most frequent variation from this pattern, found in six disections, was a

second attachment to the antero-lateral aspect of M2 and/or to the flexor retinaculum.

ln most cases this slip joined the posterior one.

lu
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M1 \
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Lateral

ioint caPsule

volar-ulnar tubêrcl€

anter¡or oblique lig.

abductor Pollicis
longus

Medial

trapezium

Figurc 3.6 Antetior vicw of ¡ight T{ìlll loint (from Pieron, 19731

Nota th€ d¡rectionof libres and attschment of the fint inter<netæarpal and anterior oblique

llgaments ¡nto tho volar'ulnar tub€rcle of M1.

The presence of separate anter¡or and posterior ¡nter'metacarpal ligaments was not

encountered, although four specimens (numbeß 1,12,13 & 23) showed a second

attachment to the postero-medial aspect of the base of M1. ln these cr¡ses the pos'

terior attachment was thicker than the anterior one. This is illustrated in Figure 3.7.

3.53 Jo¡nt capsule

Except where ¡t is reinforced by the three ligaments already described, the joint

capsule is thin. Dissection shows that it is generally lax even in the thickened

regions. This laxity can be readily demonstrated by placing the joint in a neutral position be'

tween all its ranges of movement and noting the ease w¡th which M1 can be passively dis-

tracted from the trapezium.

The attachment of the capsule in relation to the articular margin varies. Thís is of signifi'

cance when considering its effect on the mobility/stability of theT'M1 ioint. More movement
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First ¡ntermetacarpal ligament

M2 obl¡que ligament

ulnar collateral ligament

ônterlor obllqu€ lígament

Fig[¡re 3.7 View of f¡rst ¡nt€r.moæarpal spæo

Note the unusual second attachment of first intermetacarpal ligament into the postero'

medial aspect of Ml as found in specimens 1,12,13 & 23.

of Ml is permitted in areas where the capsule is attached at some distance from the articular

margin, and conversely the joint is more stable where it is attached close to the ¡o¡nt margin.

The capsular attachments are best viewed with the ioint disarticulated.

The joint is disarticulated in the following manner. With the joint surfaces passively dis'

tracted, the capsule is divided by sharp dissection m¡d-way between ¡ts bony attachments;

this enables an exam¡nation of the capsular attachments from within each half of $e ioint.

The capsule is attached to t}le trapezium at some distance from the articular margin pos'

teriofly and antero-medially. This permits the posterior styloid process of M1 toslide poster'

iorly over the trapezium. Similarly, the anterior stylo¡d process can slide forward and rotate

medially. ln all other areas the capsule is attached close to the articular margin.

The capsule attaches close to the joint margin of M1, except antero-laterally, this permits

the anterior styloid process to rotate laterally.

3.54 Synovial membrane

The T-Ml joint cavity is quite separate from its adiacent joints. The capsule is

lined with synovial membrane but, surprisingly, no synovial folds could be iden'

tified
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3.6 Discussion

This study would appear to contain the largest series (N=28) of T-Ml joints, the

findings from which are compared with those of Haines (1944) - number of dissec-

tions unknown, Pieron (1973) - 8 dissections, Bosjen-Mlller (1976) - 20 dissections, and

Lewis (1977) - 14 dissections.

The bony features comprising the T-M1 joint found in this study d¡d notdifferfrom those

described by the above authors.

Four ligaments were identified but the dissection revealed differences from other authors

as to their attachments. These varíations are discussed for each ligament.

Dorso-radial ligament

The findings agree with those of Pieron (1973) and Bosjen-Mlller (1976)that this ligament

is dorsally placed rather than being radially arranged as described by Haines (1944) and Lewis

(19771.

Posterior oblique ligament

The metacarpal attachment of the posterior oblique ligament showed variation. ln 21

(75%) specimens, it attached to the postero-medial aspect of the volar-ulnar tubercle of M1.

Pieron (1973) and Bosjen-Møller '1976!, concurred with this arrangement. ln seven (25%)

dissections the ligament had a wide attachment into the posterioraspectof M1. Lewis (1977)

described the posterior oblique ligament as having this wide posterior attachment to M1,

whereas Haines |'1944l. described the ligament as having a small attachment to M1 and a wide

trapezial attachment.

Anterior oblique ligament

Thís thickening in the capsule was readily recognised and its attachments were consistent

for all 28 specimens and with those reported in the literature.

First inter-metacarpal ligament

This extra-capsular ligament wes present in all specimens, but its thickness and attachments

showed wide individual variation. The most frequent finding of this study was that the liga-

ment attached to the postero-lateral aspect of the base of M2 and to the medial aspect of the

volar-ulnar tubercle of M1, agreeing with Pieron (19731. Bosien-MØller (1976) foundthe l¡ga-

ment to be Y-shaped, having a second, antero-lateral attachment to M2. ln this study a Y-

shaped ligament, having two attachments to M2 was found in six dissections. lt is possible

that the second antero-lateral attachment is the ulnar-collateral ligament described by Bausen-

hardt (19491 and Pieron (1973).

The presence of separate anterior and posterior ¡nter-metacarpal ligaments as described by

Haines (19441 was not encountered, although four specimens showed a second attachment to

the postero-medial aspect of the base of M1. This findíng of a reversed Y-shaped lígament,

that is, with one attachment to M2 and two attachments to M1 has not been described pre-

viously.

ln his illustrations, although not in the text, Lewis (1977) showed separate anterior and

posterior trapeziometacarpal ligaments spanning the trapezium and M2. Such ligaments were

not encountered.
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Capsule

ln this study the capsule was found to be particularly lax, so much so that on removal of

the surrounding musculature Ml flopped in any direction depending on the positioningof the

specimen relative to gravity. Capsular looseness has been reported by Napier (1956),Warwick

and Williams (1973), Eiken (1971), Pieron (1973), Kessler et al. (1976) and Bosjen-Mlller

( 1 976).

Except where reinforced by l¡gaments and the infra-tendinous layer of the tendon sheath

of abductor pollicis longus, the capsule was found to be th¡n. Bosjen-Mlller (1976) reported

similarly, whereas Warwick and Wílliams (1973) described the capsule as thick. Although based

on only one dissection, Pieron (19731 is the only author to have described in detail the thick-

ness and attachments of the capsule; he found it to be thin antero-laterally but thick antero-

medially. The findings of this study regarding capsular attachment to the trapezium and M1

agree with those of Pieron (1973).

Synovial membrane

The absence of synovial folds found in unembalmed specimens of the present study is con-

sistent with the findings of Kuczynsk¡ (1974).

3.7 Summary

The 28 joints províding the basis of this study form the largest series yet reported.

The main findings were:

1. the articular surfaces were asymmetrically saddle-shaped with the trapezium showing an

antero-lateral ridge concave in its long axis and a transverse groove convex distally. The

surface of Ml was shaped to reciprocate that of the trapezium, but was less asymmetrical.

It extended further on to the antero-lateral and postero-medial aspects of M1. The 'fit'of
the articular surfaces was not an exact one, with a greater discrepancy in the antero-pos-

terior dírection.

2. the joint capsule was thin except where three ligaments (anterior oblique, posterior oblique

and dorso.radial) form thickenings. The tendon sheath of abductor pollicis longus rein-

forced the capsule antero-laterally. Generally the capsule and ligaments were lax. Capsular

attachment was close to the joint margin of the trapezium except posteriorly and antero-

medíally thus facilitating posterior movement of the posterior styloid process and anterior

movement and medial rotation of the anterior stylo¡d process of M1. Similarly, the capsular

attachment to Ml was close to the joint margin except antero-laterally thereby facilitating

lateral rotation of its anterior styloid process.

3. the segment of the study related to deta¡led dissection of the ligaments coirfirmed the find'

ings of previous investigations: however it revealed some important dífferences which were:

a) the posterior oblique ligament had a wide attachment to the posterior aspect of M1

in seven specimens which differed from the general description of its attachment to

the volar-ulnar tubercle of Ml (found in the other 21 dissections).

b) in four specimens the first inter-metacarpal ligament attached to the postero-lateral

aspect of M2 and then divided into two slips with separate attachments to the volar-

ulnar tubercle and to the postero-lateral aspect of M1. This is the first description of

a reverse Y-shaped first inter-metacarpal ligament.



CHAPTER IV
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ANATOMICAL STUDY

4.1 Introduction

A review of the literature indícates that ligaments play an important role in the control

of movements at the T-M1 joint. As previously discussed Pieron (1973) carried out the most

extensive research on the ligaments and their function. However, he failed to state whether or

not the specimens used were embalmed. ln the present study fresh, unfixed specimens were

chosen as they more closely resemble lhe in vivo flexibility of the capsule and ligaments of the

living joint.

The aims of the present anatomical study of the T-Ml joint were:

i) to measure radiographically the ranges of the passive physiological movements (see

List of Definitions)

ii) to ascertain the function of the four ligaments (anterior oblique, posterior oblique,

first inter-metacarpal and dorso-lateral)

ii¡) by staining the articular surfaces, to investigate whether there is a pattern of degen-

erative change specific for the T-Ml joint.

Also recorded were other factors which may influence the ranges of motion at the T-Ml

joint.

4.2 Material and Methods

The first and second metacarpals, trapezium and trapezoid were removed by gross

dissection from 28 unembalmed cadavers within 24 hours of death. As described in

the previous chapter, the T-Ml joint was then carefully dissected under a dissecting micro-

scope with a zoom lens so that the capsule and ligaments were exposed, identified but left

intact.

4.21 Selection of T-lì/t1 ioint specimens

Due to factors beyond the control of the author it was not possible to select speci-

mens according to age and gender, nor to remove both thumbs from each cadaver.

Twenty-three male and five female subjects, aged between 16 and 71 years, were used.

ln order to exclude subjects with possible generalised hypermobility of joints resulting from

Ehlers-Danlos Syndrome, the skin was examined for tearing and scarring from previous tears,

particularly over bony prominences, and for the presence of thin skin (McKusick, 1972). Skín

thickness to the nearest 0.5 mm was measured with Harpenden skin fold calipers (Figure4.ll

taking the mean of three readings. The skin over the dorsum of the fourth metacarpal was

chosen as the test site as the skin in this area has little or no subcutaneous fat (McConkeyet al.,

1963). The results oÍ in vivo reliability studies of this method are presented in Chapter Vll.

4.22 Measurement of passive physiological movements of the T-M1 ioint
il General

It has been established that during movements of the thumb, the trapezium is rela-

tively immobile, M 1 being the more mobile part of the joint (Pieron, 1973).



30

Figure 4.1 Harpenden skin fold calipers used for moalurement of skin thicknes¡.

When planning the methodology of examination of the ranges of motion at the TM-1 joint

this fact had to be considered.

ln the somewhat 'artificial' isolation of bones in this study, a means of limiting movement

other than in the T-M1 joint was necessary. To achieve this the ligaments and capsules between

Ml, M2, trapezium and trapezoid were left intact; to keep the jo¡nts immobile by keeping

the ligaments and capsule under tension, small wooden wedges were ¡nserted between the-

trapezium and trapezoid, and M2 and the trapezoid. (An ínitial attempt using wiring of these

bones to ensure fixation was díscarded because X-ray details of the T'M1 joint were obscured)'

Each specimen was mounted on a perspex frame modifiedfrom thatused by Pieron (1973)

for a radiographic study of the ranges of motions of the T'M1 joint.

¡¡l Description of the reference frame

The reference frame, made of radiolucent perspex, consisted of a base and central

pole 14 cm in height. From the base of the pole a datum line was drawn on the

reference frame.

ln this study all X-rays were taken w¡th the X-ray tube in a horizontal position and with the

reference frame made mobile in relation to the X-ray tube and film. This was achieved by

mounting the perspex frame on a wooden base in the centre of which was a 3600 protractor'
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Figure 4.2 Right hand specimen mounted on perspex frame

ln the neutral position the datum line, drawn on the reference frame, was at zero pos¡t¡on on

the protractor. The reference frame could then be placed in any desired position as read by

the position of the datum line on the protractor. The frame was fixed by tightening a screw

(Figure 4.2). This arrangement allows greater flexibility in the use of X'rays than was available

to Pieron (1973) who was limited to two positions of 45o to each other.

Based on Pieron's (1973) technique, and modified by preliminary studies on five specimens,

the centre of the base of M1 was found to be 3 cm from the base of the perspex pole and at an

angle of 45o to the plane of the metacarpals (Figure 4.3). This pre'determined posítion of M1

was marked on the reference frame, and from it, at a distance of 14 cm, five hooks were placed.

These hooks represented the position of five physiological movements, namely extension'

abduction, radial-abduction, palmar-abduction, opposition and extension-adduction (Figure

4.3). Extension-adductíon and palmar-abduction do not coincide with Pieron's method. His

position l, 'ulnar' was not used in the present study because, from the preliminary trials, Ml

was found to abut on the clamp holdíng M2 to the vertical pole. ln addition, Kuczynski's

l1S74l fínding that adduction occurs along the medio-lateral axis of the T-M1 joint was con'

sidered, thus indicating that adduction should be in the same plane as radial'abduction.
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As illustrated in Figure 4.3, the positions of the hooks, relative to the plane of the metacar-

pals, but centred at M1, were:

* extension-adduction - posterior to Ml at 70o (anti-clockwise)

. extension-abduction - posterior to M1 at 3Oo (anti+lockwise)

radial-abduction - anterior to M 1 at 45o (clockwise)

' palmar'abduction - anter¡or to Ml at 90o

opposition - anterior to Ml at 150 (anti-clockwise)

' do notcorrespond with Pieron's method (19731

Figur.4.3 Diagrem of referunce framc *rowing po¡¡t¡on of Ml and hooks for a right hand spæimcn'

P - plane of metacarpals; D o datum line; . - hook; E-Ad = extension.adduction;

E-Ab - extension.abduction; R-Ab - rcdlal-abiJuction; P-Ab ' palmar'abduction;

OPP'opposition.

pole

M2

M1

extension adduction
adduction

I røs extension

opposition

datum l¡ne

radial abduction

palmar
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¡i¡) Position of specimen on reference frame

As shown in Figures 4.2 and 4.4 the dorsal (relatively flat) aspect of M2 was firmly

held in a clamp to the vertical perspex pole, keeping its long axis vertical and the

trapezoid 4 cm above the reference frame. As previously described, wooden wedges were in'

serted into the articulations between the trapezium and trapezoid, and between M2 and the

trapezoid to augment the rigidity between these bones. By this method the trapezium was

fixed and movements of the T-M 1 joint could be produced by passively moving M 1 .

,'-Mï-'.
peñpex

cm3

screw with T'Piece
clamp

wooden

trapezoid

trapezium

4
hook

14 crns

reference frame

isotonic spring

Figure 4.4 Diagram of right hand spccimen mounted on rsfercncc frame.

Note tho clamp firmly holding M2 to the perspex pole so that the trapezoid is 4 cm above the

reference frame; the wooden wedges insened between M2 and trapezoid and t¡zpezoid and tra'

pezium; tho hook 14 cm from base of M1 and screw with Tfiece in head of Ml attach€d by a

length of string to an isotonic spring.

iv) Determination of force required, during pass¡ve movement test!, to put thê l¡ga'

m€nú on full span

A screw with a T-piece, with arms of unequal length, was inserted into the articular

surface of the head of M 1 and to the screw was attached an isotonic spring using a

length of string (Figure 4.4). String was used instead of wire to avoid obscuring X'ray details'

Deformation of the string due to stretch was not a source of error as the isotonic spring records

tension independent of string length changes (that is, the desired force is not applied to the

pole
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T-M1 joint until the string has undergone possible elongation).

By placing the string around one of the hooks in the frame, M1 could be passively pulled

in the direction of that hook. The force required to put the ligaments on full span (and yet not

deform them by stretching) was calculated from preliminary trials on five specimens and found

to be 0.5 kg. The thicker anterior oblíque ligament required a slightly stronger force than

0.5 kg to put it on full span than d¡d the other ligaments. Forces less than 0.5 kg resulted in

movement of M1 comparable with the force, while forces of 0.5, 1.0 and 2.0 kgdidnotalter

the position of M1, thereby indicating that the span of the ligaments had been taken up fully

at0.5, 1.Oand2.0kg. Theminimal force(O.5kg) waschoseninordertokeepdamagedueto

stretching to a minimum.

By placing the string around each hook, M1 was pulled with equal force (measured by the

isotonic spring) in each of the five directions representing circumduction. For each measure'

ment the distance between the base of M1 and the five hooks was kept at 14 cm, and the ap'

plied force was transmitted by the string to the metacarpal head only. Order effects, from

possible stretching of the capsule and ligaments, was reduced by testing the five positions in

random sequence.

v) Radiographic measurement of the passive physiological movements

Horizontal X-rays were taken w¡th Ml passively pulled in each of the five direc'

tions. The range of a particular movement was obta¡ned by measuring on the

X-raystheanglebetweenthelongaxesof M1 andM2(Figures4,5,4.6and4.7illustratethree

measurements). No attempt was made to measure the components of these movements, for

example, the contribution of extension and abduction to the position of extension'abduction.

Figure4.5 Radiographicmeasur€ment of oxtension-sbduction.

Note range = angle betnæen long axes of Ml and M2.
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Figure4.6 Radiographic measuromont of radial'abduction.

Note range = angle betrrueen long axes of M1 and M2'

Figure 4.7 Radiographic meæurement of oppocition'

Note range = angle between long axes of M1 and M2'
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To avoid distortion, the plane of the two metacarpals must be kept at right angles to the

X-ray beam, that is, parallel to the X-ray tube and film (Edholm, 1967). This was achieved by

rotating the reference frame (on the wooden base) in relation to the X'ray tube and film.

Details of the positioning of the frame for each movement test are gíven in Table 4.1. The

positions are based on the findings of a preliminary trial on five specimens.

Position of M1 Position of Datum Line on Reference Frame

R elative to Zero Startinll Positi on

Extension-adduction

Extension-abduction

R adial-abduction

Palmar-abduction

Opposition

20C)

700

450

900

300

clockwise

clockwise

anti-clockwise

clockwise

clockwise

Table 4.1 Positioning of refe¡ence frama lor radiographic mêssuremont of movements

of úre right tùumb,

Note that posit¡on¡ng is identical for left thumb except that the rotation
is in the opposite direction.

All X-rays were centred on the T-M1 ioint and were taken with a focal film distance of

l0O cm and an object film distance of 16 cm. ln this way the X-ray beam was parallel and

there was no enlargement of the image on the X-ray plate (Robertson, 1979).

The most recent studies of kinematics related to the spine (Selvik,1974; Worth, 1980)

and the elbow (Morrey and Chao, 1976) show the stereo-photogrammetricmethod of measur'

ing joínt motion to be superior to other methods. As this technique was unavailable the follow-

ing method was devised, concentrating on tvvo of the components of joint movement (angular

movement and axial rotation).

As described, the ranges of movement for the five test positions were measured radiographi'

cally. One of the four ligaments was then severed, followed by re'measuring of the five posi'

tions to observe the effect on each range. Both the severing of ligaments and testing of move'

ments was carried out in random order. For each specimen, only one ligament was severed

and its function assessed by noting changes in movement in the five test pos¡tions. This prin'

ciple is applied in other systems in the body, for example, conclusions as to the function of a

nerve can be made by observing loss of function (sensation and muscle power) following den'

ervation.

Alteration in the angle between the long axes of M1 and M2 and in axial rotation of M1 was

recorded. Alteration in the length of the T-piece (on the screw inserted into the head of M1)

indicated that axial rotation had occurred, as seen on the radiographs. Provided the arms of

the T-piece were not parallel to the film, the image on the radiograph increased in length when

the T-piece moved towards the film and decreased in length if the T'piece rotated away from

the film. The unequal length of the arms on the T-piece allow ready identification of the direc-

tion of axial rotation (Figures 4.9 and 4.10).
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^

Figure4.8 Specimen 12 - right ttrumb, pos¡t¡on of extension-adduct¡on pr¡or to severingfü€anterior
oblique l¡gsment.
Note angle between long axes of Ml and M2 and position of Tfiece with ¡ts arms of un'

equsl length,

specimen 12 - right thumb, position of extension-adduction after severing the ântsf¡of

oblique l¡g6ment.
Note increased angle between long axes of M1 and M2. fhe l-piece is shorter indicating

that ax¡al rotatloñ has occurred.

I

t\

Figure 4.9
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4.23 Measurement of degenerative change in the articular cartilage

il Radiological method

For each specimen the radiographs were examined for the presence of degenerative

changes in the T-M1 joint. The site and degree of any such changes were recorded,

the latter being classified as mild, moderate or marked. This classification was based on text

illustrations in an 'Atlas of Standard Radiographs of Arthritis', published by the Council for

lnternational Organisation in 1963. These details are set out in Table 4.2.

Degree of Osteo-arthrotic Change Radiographic Changes

mild

moderate

marked

early osteophytosis

osteophytos¡s t narrowing of joint space

loss of ioint space with cystic and sclerotic
subchondral bone changes, alteration in shape

of articular surfaces with advanced osteophy'

tosis i si¡bluxation of Ml

Table 4.2 Radlographic classification of octeo'arthrotic change.

All assessments of osteo-arthrotic change were made independently by the author and by a

senior radiologist (Dr. A. Robertson).

¡¡) Staining method

Following radiological examination, each T-M1 ioint was disarticulated and the

capsule, ligaments and synovium carefully removed: contact with or damage to the

articular cartilage was strictly avoided.

The articular cartilage of the trapezium and base of M1 was stained by the method described

by Meachim l1S72l using a solution of lndian ink diluted to 50% by normal saline. Excess

stain was removed by gently dripping normal saline onto the cartilage using a pipette. The

articular surfaces were kept moist ín a solution of formol saline (to minimise the development

of artefacts) until photographed at a magnification of x 10.

The lndian ink enters any fine fissures in the cartilage and visualises the earliest signs of de-

generation (fibrillation) as well as more advanced degenerative changes (Meachim, 1972). This

method facilitates observation of changes in the cartilage before there is any radiological evi-

dence of change. The articular surfaces were subdivided into five areas, the circumference and

four quadrants (Figure 3.4). To ensure correct identification of the quadrants on the photo-

graphs, the specimens were photographed with their anter¡or aspects to the front of the pic-

ture. The ridge on the trapezium and corresponding groove on M1 were marked with asmall

black pin medially and a small white pin laterally. Later the photographs were labelled 'X'

medially and 'Y' laterally. The degree of degenerative change was categorised as minimal, mild,

moderate and marked (Table 4.3 and Figure 4.10). The degree of degenerative change was

recorded for each area and this was related to the subject's age, gender, left or right hand and

the degree of osteo-arthrosis noted in the radiographs. Finally, the results of the staining were

examined for any pattern of degeneration specific for the T-M 1 joint.
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Classification of Degenerative
Change

Effect of Staining Articular Cartilage

minimal

mild

moderate

marked

cartilage intact with only occasional fine irreg-

ular lines indicating early fibrillation

over-all irregular pattern of fine lines = mild
fibrillation

larger, darker lines, either straight or linked into
a pattern on a background of mild fibrillation

cartilage heavily stained. Occasional areas of
full thickness loss with bone exposure.

Table 4.3 Classification of degenerative change revealed by the staining method.
(Derived from Meachim and Emery, 1973).

Figure 4.10 classification of degenerative change revealed by the staining method.

The articular cart¡lage of metacarpal specimen 1 demonstrates each of the classes:

O=minimal, 1=mild,2-moderate,3=marked(seeTable4.3fordescriptionsofeach
of these),
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4.3

4.31

(Table 4.4).

Results

General

Unembalmed specimens were examined from 28 cadavers within 24 hours of death'

The specimens were grouped according to gender, side and into six age categories

Male Female TotalAge

L. Hand R. Hand L. Hand R. Hand

15-24

25-34

3544
45-54

55-64

65-74

Total

1

1

2

4

3

12

7

1

11

1 10

1

3

4

Þ

4

28

3

2

32

Table 4.4 Grouping of specimen¡ according to ago, gendor and side'

Because of unalterable regulation it was not possible to obta¡n an equal number of males and

females or to remove both thumbs of each cadaver. Similarly, details of hand dominance and

occupation were seldom available'

Table 4.4 records that while there were an equal number of specimens from left and right

hands, the ratio of males to females was 23:5

4,32 Range of physiological movements at T-M1 ioint

Following micro-dissection and examination of the ligaments and theír attach'

ments, the specimens were mounted on the perspex frame for radiological measure-

ment of the range of movements which occur at the T'M 1 joint'

The results for the five physiological movement tests (extension'abduction, radial'abduction,

palmar-abduction, opposition and extension-adduction) are shown in Table 4'5' The relatively

large standard deviations for each movement indicate a wide variation between specimens'

Movement Mean (degrees) Standard Deviation

Extension-abduction

Radial-abduction

Palmar-abduction

Opposition

Extension-adduction

370

620

560

380

440

11.23

9.46

9.83

14.38

10.53

Table 4.5 Range of physiological movoments at the T{ì/11 ioint'
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Within the lim¡ts of the sample size, age, gender and side were found to have no significant

relationship to these ranges of movement.

Skin thickness. None of the subjects exhibited abnormally thin skin (readings of 0.8

millimetres or less which Grahame and Beighton (1969) found in

pat¡ents with Ehlers Danlos Syndrome). These findings together with no evidence of skin

fragility (splitting of the skin and scars, especially over bony prominences), suggested that it

was unlikely that any of the subjects had generalised joint hypermobility due to Ehlers Danlos

Syndrome. This might bias the results by leading to greater range of movement. Skin thickness

was found to be negatively correlated with age (r = 0.50, p( .01)'

4.33 Ligamentous funstion

Angular movement was measured for each of the 28 specimens and axial rotation

for 16. Table 4.6 lists the number of specimens used to test the function of the

anterior oblique, poster¡or oblique, first inter-metacarpal and dorso-radial ligaments.

Anterior
oblique

Posterior
oblique

Fint Inter-
metacarpal

Dorso-
radial

Total No.

of
Specimens

Ligaments Tested

Angular

movement

Axial

287

4

7

4

7

4

7

4 16

Table 4.6 Test for ligamentous funct¡on - number of specimens used.

By referring to Table 4.7 the function of the ligaments can be summarised as:

i) anterior oblique ligament

This short, thick oblique ligament limits the range of extens¡on-abduction and

extension-adduction. lt contríbutes to the control of medial rotation of these

movements and of palmar-abduction and opposition.

Cutting this ligament resulted in excessive posterior translation of M1 when it was moved

into extension.

¡¡) poster¡or oblique ligament

This ligament limits the range of opposition and contributes to the control of the

three positions when M1 is in abduction. lts effect on axial rotation was not con'

sistent for the four specimens tested. However, it restricted the medial rotary component of

palmar-abduction and extension-abduction.
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Movement

lncrease in

Angular

Movement

Ligament

Cut

Direction of Axial Rotation

Medial Lateral None

Extension-

abduction

Radial-

abduction

Palmar-

abduction

16.70

AO

D.R

PO
t-M

140

5o

4.60

4.60

AO

PO
t-M

D.R

2

3

1

2

2

3

4

1

3

4

l-M

PO

AO

D.R

AO

PO
l-M

D.R

AO

PO

t-M

D.R

1

1

1

1

4

2

1

2

4.50

20

20

t-M

PO

D.R

AO

5o

3o

lo

10.90

4.50

20

1o

110

3

1

P0 100

Opposition l'M 60

A0 20

D-R 0.30

AO

D.R

PO

l-M

AO

PO

t-M

D-R

AO

PO

l-M

D.R

3

3

2

4

3 1

4

2

3

1Extension-

adduction
4

Table 4.7 Ligementous control of T-M1 movement¡'

A O = anterior oblique l-M = first inter*netacarpal

P O = poster¡or oblique D'R = dorso-radial

Table 4.7 summarises the contribution of each ligament to the control of angular movement

for the five physiological movement tests. The mean is given for the seven specimens for which

a capsular ligament was cut. Also included, on the right side of the table, is the effect of sever-

ing the ligaments on axial rotation. The degree of rotation could not be accurately quantified

as movement occurred simultaneously in more than one plane'
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¡¡¡) first inter'metacarpal ligament

This long extra-capsular ligament is primarily responsible for restricting the ranges

of radial- and palmar-abduction; additionally, it contributes to the control of both

the range and the medial rotation component of opposition. ln the positions of extension-

abduction, extension-adduction and palmar-abduction it limits lateral rotation.

Severing this ligament permitted excessive lateral translation of M1 along the trapezial ridge.

iv) dorso-radial ligament

This ligament was not found to be of prime importance in the control of angular

movements although it assists the anterior oblique ligament in the control of

extension-abduction and extension-adduction. lts main function is to control medial rotation

during the movements of palmar'abduction, opposition and extension'adduction' ln extension'

abduction it contributes to the control of lateral rotation; however, this rotary effect is con'

sidered to be secondary to excessive postero-lateral translation of M1. ln all four cases, severing

the ligament resulted in Ml translating in a postero-lateral direction, which appeared to permit

the articular surface of M1 to laterally rotate more readily.

4.34 Degenetative changes in the articular cartilage

a. RadiograPhic method

The radiographs of the 28 specimens were examined for evidence of osteo-

arthrosis. Only three showed degenerative changes (Table 4.8). ln specimen

number 12 a small osteophyte projected from the medial aspect of the trapezium' ln the other

two specimens (numbers 16, 25) the osteo-arthrotic changes were more developed, with larger

osteophytes both medially and laterally on the trapezium and early sub-chondral sclerosis of

both bones.

Specimen
Number

Age Classification of Degenerative Ghanges

12
16
25

39
68
71

mild
moderate
moderate

Table 4.g Deg€nerat¡ve change - radiographic metfrod'

b. Staining method

For each specimen, Table 4.9 details the degree of degenerative change, age,

gender and side from which the specimen was obtained'

It can be seen that:

i) the first signs of cartilage degeneration of class 'O' (Figure 4.10), were evident in the

second decade of life (although this sample did not include any subiects below the

age of 16).

ii) the degenerative change became more marked with advancing age. Statistical analysis

using the Pearson correlation coefficient showed a positive correlation between the

two (r = 0.80, p< 0.01).

¡i¡) the side from which the specimen was taken was found to have no significant relation-

ship to the degree of degenerative change.
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Age

Specimen

M1
Degenerative
Changes

Trapezial
Degenerative
Changes

Gender

Side

16

28

f8
21

17 17 18 18

26

M

R

M

R

19

14

22

27

21

30

M

R

M

R

M

R

2 a4

ooooo 01010 00000 10000 00000

10101 ooooo loool loooo 1o0oo 11010 10000 10000 00101

10000 00010 00000 00000

MF
RR

M

R

F

L

Age

Specimen

M1
Deçnerative
Changes

Trapezial
Degenerative
Changes

Gender

Side

29

10

39

12

41

I
50

20

48

5

24

6

44

17

47

22

48

11

21200 31121

MM
LL

2oool loolo loooo loooo looo2 10111 21212 10000 32222

21000

M

L

10000

M

L

20000

M

L

22121

M

L

21121

F

L

20112

M

L

31111

M

L

Age

Specimen

M1
Degenerative
Changes

Trapezial
Degenerative
Changes

Gender

Side

55

19

12212

M

R

56

18

s8 s8 58

3 71

60

23

21100 10110

MM
RL

68

16

69

13

33211

F

R

71

25

65

24

100011211122222212112o11o2121222233130001101123233

11121

M

L

32222

M

R

22111

M

L

21113

F

R

10000

M

R

33222

M

L

Table 4.9 Age, çnder, side and degenerstiyo change (staining methodl for each specimen.

M=male,F=female
Degenerative changes moderate' 3 = marked'

They are l¡sted for th ollowing order (reading

from left to r¡ghtl: c¡ poste¡o*nedial and

postero-lateral quadrants.

iv) ln this sample there were only five specimens removed from female cadavers. This

limited number makes it unfeasible to comment upon the relationship between gender

and the degree of degenerative change in the articular cart¡lage.

For each T-Ml joint the enlarged photographs (x 10) of the articular surfaces were exam'

ined for a possible pattern of degenerative change. The findings are descr¡bed separately for

the metacarpal and trapezial surfaces.

An example of minimal degeneration is shown in Figure 4.11 while Figure 4.12 demon'

strates marked degenerative change.
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(al

(bl

Figure4.ll Specimen 30 - minimal degÞneration of (al trapezial surface and (b) motæarpal surfæe'

Note cartilage intact with fine irregular lines indicating early fibrillation around the

PeriPhery.

M30
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(a)

(b)

Figwe 4.12 Specimen 25 - marked deçneration of (al trapezial surface and (bl metacarpal surface.

Note cartilage ís heavily sta¡ned.
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Degenerative change - Staining method

al Articular surface of Ml
Fibrillation was seen around the circumference or periphery of the articular cartilage

as early as the second decade of life. ln contrast to th¡s, involvement of the central

region was seen in only three specimens from subjects aged 58, 58 and 65 years respectively.

The subjects were divided into two age groups; those under 40 years (12 specimens) and

those over 40 years (16 specimens).

ln the under 40 age group, four had minimal to no per¡pheral fibrillation while the remaining

10 had mild peripheral fibrillation which was more pronounced posteriorly in eight cases.

The pattern of a greater degree of fibrillation on the posterior aspect of the periphery of

the cartilage continued in the over 4O year olds, being present in 12 of the 16 specimens.

Peripheral fibrillation increased in its extent by centripetal spread; however, the degree of fibril-

lation varied between specimens. The three fibrillated centrally appeared to have isolated foci

(rather than a spread from the periphery).

Only two specimens (numbers 20 and 241 did not conform to the above pattern in that they

eih¡U¡te¿ an even distribution of fibrillation over the entire articular surface. Specimen number

16 had a localised rounded defect in the antero-medial quadrant'

b) Articular surface of the trapezium

The specimens were divided into the same age groups as described forMl above. On

the whole, in the younger age group, the trapezial surface showed more fibrillation

than that of M1 and this was evident in specimens as early as the second decade of life. There

were no cases of central involvement but the peripheral area showed a fairly consistent pattern

of involvement which differed from that evident in M1. ln 12 of the 14 specimens there was

more fibrillation along the circumference of the antero-lateral quadrant and nine of these also

showed more fibrillation medially and laterally, that is, at either end of the trapezial ridge.

ln the over 40 age group, the peripheral zone showed increased fibrillation and despite in'

dividual variation this continued to be most obvious antero.laterally (10 of 16 cases) and at

both ends of the trapezial ridge (1 1 of 16 cases).

Six specimens had fibrillation centrally, three of these spreading from the periphery, while

the other three appeared to be separate foci.

The same spec¡men (number 16) which had a defect anteriorly on M1, also had alocalised

rounded defect on the antero'medíal quadrant of the trapezium.

4.4 Discussion

Results of the three aspects of the clinical study - range of passive physiological move'

ments, ligamentous function and degenerative changes in the articular cart¡lage - lend

themselves to separate discussion.

4.41 Range of passive physiological movements of the T'M1 ¡oint

This is the first study to radiologically measure the passive mobility of the T'M1

joint. There was considerable variation between the 28 specimens in the range of

the f¡ve passive physiological movements tested. This is shown by the size of the standard
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deviations (Table 4.5).

As reported in the literature review, several authors have measured the movement between

flexion and extension and between adduction and abduction, while others have measured op'

position. None of these studies isolated the movements to the T'M1 joint and there are no

details as to whether the movements were active or passíve, performed in vivo or on autopsY

material, nor of the exact direction of the movements nor the fixed points from which the

measurements were taken. For these reasons direct comparisons cannot be made w¡th the

results of the present studY.

4.42 Ligamentous function

Considerable variation in the length and width of ligaments relative to each other

and between specimens was observed. This, together w¡th the varying attachments

of the posterior oblique and first inter'metacarpal ligaments, may be the reason why, on sever'

ing a particular ligament, axial rotation was not seen to occur always in the same direction

(Table 4.7). A larger sample might help to clarify this.

To date pieron (.¡g73) has presented the only detailed account of ligamentous function of

the T-Ml joint. His results were based on examination of eight specimens but he did not state

whether or not they were embalmed. The findings of the present study are based on the

examination of 28 un-embalmed spec¡mens within 24 hours of death as they more closely

resemble the in vivo flexibility of the capsule and ligaments.

pieron,s (1g73) method of assessment was based on visually noting which ligaments were on

full span when M1 was placed in a particular positíon. ln addition, he wired the ligaments so

that he could confirm radiographically that the attachments were separated. Pieron ranked the

ligaments according to their contribution to the control of the five movement tests; however,

his methodology does not permit an accurate assessment of the contribution of each ligament.

ln the present study a more detailed review of the function of the four ligaments has been

carried out, This has been achieved in 1wo ways; first, by recording the function in terms of

the control of both angular movement and axial rotation of M1, and second, by severing

individual ligaments. As a result a more accurate assessment has been obtained of the relative

contribution of each ligament to the control of movements of M1'

Four of the five passive physiological movements tested in th¡s study correspond with those

of pieron (,¡g73). These are extension-adduction, extension-abduction, radial'abduction and

opposition. The findings of both studies may be compared by referencetoTables 2.1 and4'7

and are discussed below.

Extension-adduction - both studies found the anterior oblique ligament to exert the main

control supplemented by the action of the dorso-radial ligament. The present study also found

that the posterior oblique ligament exercises a lateral rotatory control while the first inter'

rnetacarpal ligament assists the anterior oblique ligament in the control of medial rotation'

Extension-abduction - the present study corroborates the finding of Pieron (1973) that all

four ligaments contribute to the control of this movement. lt also confirms the relative con'

tribution of each ligament, with the anterior oblíque being the principal controlling force' ln

the present study medial rotation has been shown to be l¡mited by the anterior oblique and
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posterior obl¡gue ligaments while lateral rotation is controlled by the first inter-metacarpal and

dorso-radial ligaments.

Radial-abduction - the results of the present study do not support those of Pieron (1973) who

found the movement to be controlled by the anterior oblique, posterior oblique and first inter'

metacarpal ligaments. The first inter-metacarpal ligament has been shown to exert the greateSt

control, with some ass¡stance from the poster¡or oblique. Very little axial rotatíon resulted

from severing any of the ligaments, suggesting good congruence between the articular surfaces'

Opposition - Pieron (1973) found the dorso-radial and anterior oblique ligaments to be taut

in this position. Present findings are that the greatest control is effected by the posterior

oblique ligament, aided by the first inter-metacarpal ligament. The anterior oblique and dorso-

radial ligaments ass¡st ín the control of medial rotation of M1'

As described in Chapter lll, the four ligaments are attached obliquely across the T-Ml ioint

and therefore could be expected to exert a rotary as well as an angular control of movements

of M1. Each lígament's contribution to these two components of joint motion has been out'

lined although only the latter could be quant¡f¡ed.

The findings of the present study demonstrate that all ligaments play a part in the control

ofeachmovement(Table4'7),someligamentshavingarestrainingeffecton.theangularcom.
ponent while others control axial rotation (the effect on the third component, translation or

stiding, was visually assessed). This combined functioning of the ligaments produces a smooth

control of T-M1 ioint motion.

The determination of the function of the four ligaments of the T'M1 joint is discussed in

relation to the reports of other authors:

The anterior oblique tigament - Haines (1944) and Pieron (1973) found that the anterior

oblique ligament limits extension; the findings of this study support this' Haines further

stated that at the l¡mit of extension this lígament causes M1 to rotate laterally. Warwick and

Williams (1973) were of the same opinion, although they considered that the shape of the

articular surfaces plays a role in producing lateral rotation duríng extension' ln the present

study, severing the anterior oblique ligament resulted in medial rotation of M1 when in the

position of extension-adduction; in extension-abduction the effect was less obvious (Table 4'7)'

Cutting the anterior oblique ligament resulted in excessive posterior translation of Ml when

it was moved into extension. This is consistent with reports that laxity of this ligament causes

dorso-lateral instability (Gedda, 1954; Eiken,1971; Burton, 1973; Eaton and Littler' 1973;

Kessler et al., 1976).

The posterior oblique ligament was described by Strasser (1917), Haines (1944) and Gedda

(1954) as limiting opposition. The results of this study support this; and, in addition, indicate

that it contributes to the control of M1 in the three positions of abduction. Haines (1944,)

attributed medial rotation of M1 at the limit of flexion to tension in the posterior oblique liga'

ment. His description was supported by Warwick and Williams (1973); however, they also

¡mpl¡cated the sellar articular surfaces. ln the present study the rotary effect of the posterior

oblique ligament was inconsistent. ln contrast to.the above authors, Eaton and Littler (1973)

and Pieron (1973) rated this ligament's function as relatively insignificant.
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The first inter.metacarpal Iigament was studied in 20 cadavers by Bosien-Møller (1976) who

found it to limit abduction and to prevent radial subluxation. Results here support this ¡n that

the first inter-metacarpal ligament played the major role in limiting both radial-abduction and

palmar-abduction, and that excessive lateral translation of M1 occurred during abduction after

the ligament was cut. Further, the ligament was found to assist in the control of extension-

abduction and opposition. Pieron (1973) found the first inter-metacarpal ligament to be taut

in radial-abduction and extension-abduction but concluded that it played a minor role in the

control of these movements.

The dorso-radial ligament - Pieron (1973) is the only author to mention the function of this

ligament. He found the dorso-radial ligament to limit opposition and adduction and to assist

the anterior oblique ligament in controlling extension-adduction and extension-abduction.

Testing showed that it assists the anter¡or oblique ligament in the control of the two extension

movements, but that its main function ís limiting medial rotation of Ml in the positions of

palmar-abduction, opposition and extension-adduction. Also it was found to prevent dorso'

lateral subluxation when M1 was in the position of extension'abduction.

From the findings of the present study it would appear that the anterior oblique, first inter'

metacarpal and dorso-radial ligaments all contribute to the prevention of dorso'lateral sub-

luxation.

While the present study contains the largest series of T-M1 joints (N = 28) the results point

to the need for a much larger sample to compensate for the effect of individual differences in

the relative size of the four ligaments.

4.43 Degenerative changes in the articular cartilage

ln this study only three specimens had radiological evidence of degenerative chang'

es (Table 4.8) whereas all specimens showed some degree of fibrillation when the articular

cartilage was stained (Table 4.9).

Fibrillation around the periphery of the articular cart¡lage was evident as early as the second

decade of life. This is consistent with the findings of Meachim and Emery (1973) who reported

on studies of the articular surfaces of 37 gleno-humeral and 32 hip ioints. FortheT'Ml joint

the degree of fibrillation increased with advancing age but was subject to ind¡vidual variation

(Table 4.9). Generally, specimens in the under 40 age group showed more fibrillation on the

trapezial surface than on M1. Meachim and Emery (19731 reported thatfibrillation increased

with advancing age but did not mention differences in the degree of degenerative change be'

tween the two articular surfaces of the shoulder or hip joints.

As with the shoulder and hip joints, there was a pattern of degenerative change typical for

the T-M1 joint. On the trapezial surface peripheral fibrillation was more marked on the antero'

lateral, medial and lateral aspects. The medial aspect is the area in which the joint surfaces

are in contact during activities requiring'power grip' (Napier, 1956; Pieron, 1973)' Lateral and

antero-lateral aspects are areas of joint contact during radial-abduction and palmar-abduction

respectively. These are components of 'precision grip' (Napier, 1956).

On the metacarpal surface fibrillation was more marked on the posterior aspect, a position
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of joint contact during extension (Pieron, 1973) which is a component of strong gripping

('power grip', NaPier, 1956).

It is interesting that both weight'bearing and non-weight'bearing joints show fibrillation as

early as the second decade of life, and although this increases with advancing age, ít is a slow

progression and subject to wide individual variation'

4.5 Summary

The results of this study are based on the largest series of T'Ml ioints examined

to date (N=2g) and this is the first study to report on tle range of passive movements

of the T-M1 ioint and to describe a pattern of degenerative change in the articular cartilage

specific for the T.M 1 ioint.
The main findings were:

1. a) the range of the five passive physiological movements which comprise circumduction

of the thumb were measured radiologically. The means were extension'abduction =

37o, radial_abduction = 620, palmar.abduction = 560, opposition = 38o and extension-adduc.

tion = 44o. Relatively large standard deviations for each movement indicate a wíde variation

between individuals.

b) within the l¡m¡ts of the sample size, age, gender and side were found to have no signi'

ficant relationship to these ranges of movement'

2. A more detailed study of tlle function of the four ligaments of the T'M1 ioint than

other reporb in the literature has been carried out: f¡rst, by recording the function in

terms of the control of both angular (swing) movement and axial rotat¡on (spin) of Ml; and

second, by severing a ligament and obtaining a more accurate assessment of the relative contri'

bution of each ligament to the control of movements of M1. The functions of the four liga'

ments were found to be:

a) the anterior oblique ligament limits the range of extension'adduction and extension'

abduction and contributes to the control of medial rotation of these movements and

of palmar-abduction and opposition.

b) the posterior oblique ligament limits the range of oppos¡t¡on and contributes to the

control of the three positions in which Ml is in abduction. lts effect on axial rotation

is inconsístent.

c) the first inter-metacarpal ligament restr¡cts the ranges of radial'abduction and palmar'

abduction. Additionally, it contributes to the control of the angular and medial rotary

components of opposition. ln the positions of extension'adduction, extension'abduction and

palmar-abduction ¡t l¡m¡ts lateral rotation.

d) the dorso-radial ligament assists in the control of extension-adduction and extension'

abduction. lts main function is the control of medial rotation during the movements

of palmar-abduction, oppos¡t¡on and extension'adduction'

The results show that all ligaments play a part ¡n the control of each movement; some liga'

ments have a restraining influence on the angular component whíle others control rotat¡on'

This combined functioning of the l¡gaments produces the smooth control of T'M1 ioint mo'

tion.



62

3. Staining the articular surfaces revealed peripheral fibrillation as early as the second

decade of life. Although subject to ind¡v¡dual variation, the degenerative changes in'

creased significantly with advancing age (p< .01)'

Staining revealed a pattern of degenerative change that was consistently present for the T-M1

ioint. On the trapezial surface peripheral fibrillation was more marked on the antero'lateral,

lateral and medial aspects whíle on the metacarpal surface it was more pronounced posteri'

orly.



CHAPTER V
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OSTEOMETRIC STUDY

5.1 lntroduction

On visual examination the articular surfaces of the T-M1 joint showed general con'

gruence but it was evident that the two surfaces do not exactly fit. There seem to

be differences in their total surface area, in partícular the area of each quadrant (the two axes,

the ridge and groove, divide the articular surface into four quadrants) and between correspond'

ing quadrants of the two articular surfaces; in the length of the ridge on the trapezium and the

corresponding depression in the metacarpal surface.

Only two detailed studies, known to the author, considered the shape of the articular sur'

faces (Kuczynski, 1974; Smith and Kuczynski, 1978). The methodology of both studies was

relatively crude and the selection of specimens limited. ln one study (Kuczynski, 1974) visual

inspection and palpation was utilised on dry specimens devoid of articular cartilage wh¡ch

is essential to a consideration of congruence (Simon et al., 1973). ln the other study (Sm¡th

and Kuczynski, 1978) measurement of the depth of the trapezial groove alone was carried out

using a tyre thread depth gauge in embalmed specimens aged between 60 - 80 years.

The aims of this osteometric study were:

1. to visually examine the overall shape of the articular surfaces

2. to devise a method of measurement of the precise shape of the articular surfaces, and speci-

fically to use the data so obtained to calculate the following geometric features of the sur'

faces:

¡) the angle between the two axes

ii) the length of the two axes on each articular surface

i¡¡l the total surface area of each articular surface

iv) the surface area of each quadrant on both articular surfaces

v) a plot of the contour of the articular surfaces

5.2 Materials and Method

5.21 General

After staining with lndian ink diluted to 50% by normal salíne,23 of the 28 T-Ml

joints were allowed to dry slowly over a period of three to five days at a tempera'

ture of 20oG and at a humidity of 47o/o in the metrology laboratory of the Department of

Mechanical Engineering of the South Australian lnstitute of Technology.

This provided a firm surface for measurement by a metal stylus,

al Visual examination of the articular surfaces

The overall shape of the articular surfaces of the T-M1 joint was described visually

with particular attention to any deviation from the usual saddle shape.

b) Development of a method of precise measurement of the articular surfaces

The specimens were mounted in small blocks of plaster of Paris. The ridge on the

trapezíum was identified and its medial end marked 'X' and its lateral end, 'Y'. The

trapezium and M1 were then articulated and the edges of the corresponding depres-

sion on Ml was marked'Xl'and'Yl'so that'X'on the trapezium articulated with

'Xl' on M1 and 'Y' with 'Yr' (Figure 5.1).
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Figure 5.1 Specimens mounbd in plaster of Paris blocks.

a) trapezium;trapezial ridge marked X Y
b) Ml;metacarpal depression marked Xr Yl

Using a Nikon Profile Projector with a magnification of ten, a plan v¡ew of the cartilage of

each bone was obta¡ned and a tracing made of the boundary of the cartílage. The projector

is shown in Figure 5.2 with a close-up view of the specimen mounted on the table in Figure 5.3.

With the assistance of the Mechanical Engineering staff two methods were developed by

which the articular surfaces could be measured.

5.22 Method I -Sectioning
The tracing of the boundary of the cartilage was transferred onto a sheet of paper.

Parallel lines were then drawn 1 mm apart across the tracing. These were drawn

parallel toXYandXlYl (theridgeonthetrapeziumandcorrespondinggrooveonMl). Asthe

tracing was magnified ten times, these lines represented sectional planes at increments of 1 mm

being drawn 10 mm apart (Figure 5.4).
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Figure 5.2 Nikon Prolile Proiector witft im¡go m¡gnifled x 1O of thc art¡cular

¡urfæc of metecaçal proicctcd on dlo scrrüi.

Arrow indicates sp€c¡men on the table of ths projector.
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E-a

Figure 5,3 Ctosa-up view of metacafpal spocimen mounted on table of Nikon

Profile Proiector.
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c) Tracing
Section Plane 1

bl Tracing
(plan viewl

Figure 5.4 Plan viervt of ¡pccim¡n.

(al plan vlew of specimen (bl tracing (cl tracing of section plan€ 1'

b) Tracing of
Saction Plane 2

c) Tracing of
Section Plane 3

Figurs 5.5 1rælngr of s¡ctlonal plane¡ 2 and 3.
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The plaster of Paris was machined to the plane c - c to provide a datum face (Fígure 5.4(b)).

The front of the specimen was then machined off to correspond to the section line'1'and a

section trace taken of this plane. A further 1 mm was machined away to reveal plane '2' and

a section trace was then taken from this plane (Table 5.5). This procedure was continued until

a set of section traces was obtained.

The approximate area of each thin slice could be calculated from the measurement of the

length of the cartilage slice multiplied by the width (1 mm)' Summation of each sectional

area would give an approximate value for the total area of the articular surface'

A number of disadvantages rendered this method unsuitable. These included destruction of

the specimen in machining, inaccuracies of the technique of obtaining each section of cartilage

and in the method of calculation of the surface area, and difficulty in derivation of other

measurements from the data thus obtained. As a consequence, another method of articular

surface measurement was developed.

5.23 Method ll - Grid method

The tracing of the boundary of the cartilage (obtained by the Nikon Profile Pro'

jector) was overlaid by a sheet of pre-printed paper having a grid with lines 0.50

inch apart marked on it, With the cartilage profile magnifíed ten t¡mes, the grid sections were

equivalent to O.O5O inch. Thus the cartilage area could now be described as being comprised of

a large number of ordinates (Figure 5.6).

I
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Figure 5.7 Universal Measuring APparatus
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Figure 5.8 Met¡rcsrpal specimen mountod on table of Unlvercal Measuring Apparatu¡.

The groove Xr Yl ¡s parallel to th€ Y axis of the machine. Matal stylus

for measuring the contour (height or Z axisl of the articular surface.

The specimen was then fastened to the table of a Universal Measuring Apparatus (Model

Type MU-2148, manufactured by Societó Genevoise D'lnstruments de Phys¡que) so that XY

(trapezial ridge) and Xl Yr (groove on M1)were parallel to ¡ts Y ax¡s. A photograph of this

machine and of the specimen fixed to its table are shown in Figures 5.7 and 5.8 respectively.

The Universal Measuring Apparatus described in Appendix l, allows for very fine adiustment

of movement along the X and Y axes. By combining these two movements with the provision

of a microscope to measure the change of vertical displacement of the metal stylus on the

surface of the cartilage, as shown in Figure 5.8, it was possible to develop a three dimensional

grid reference of the entire area of the cartilage. Figure 5.6 illustrates such a grid; for clarity,

only three ordinate values are indicated. A complete set of ordinate values derived from one

of the 46 surfaces measured is included in Appendix ll.
particular care was required when measuring at points of acute geometry (points at (A) in

Figure 5.9) because here a slight change in the X or Y ordinate resulted in a bigger change in

the Z axis, than would occur at point (B) ). The tendency of the stylus to deviate laterally at
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Figurc 5.9 Diagram of arîlcular cattilagc Crowing po¡ntt of æute gpometry st (Al'

these po¡nts required careful control as a slight lateral movement could markedly alter the Z

ordinate reading. The visual atigning of the stylus on the periphery of the cartilage was the

only feasible technique. However, the error of measurement (see results) indicated that úis

method was acceptable.

The grid method of measurement was further refined by the construction of a co'ordinate

table w¡û built.in digital readout equipment (Figures 5.10 and 5.11). A gauge was incorpor'

ated to measure the pressure of the metal stylus on the articular surface and to ensure that

this was kept constant for each reading. The ease of operation of this special purposê equip'

ment was superior to that of the Universal Measuring Apparatus, but the actual time expended

in measuring each artícular surface was still approximately one and a half hours.

5.24 Errcr of measurem€nt

The Giid method of measurement was adopted for the measurement of the articu'

lar surfaces of 23 T-Ml joints. Because measuremenB were made by one operator

it was necessary to test for intra-observer error in the repeatability of measurement.

To test for the repeatability of any one'Z'value, that is, staying at the same co'ordinate,

six measurements were made on each of three specimens. Three of these were performed at

co-ordinates situated on the periphery of the articular surface; these are points of acute geo'

metry requiring particular care by the operator. The other three measurements were made at

co-ord¡nates s¡tuated anywhere within the boundary of the articular surface. The 'Z'values

for these six co.ordinates were repeated after periods of five and ten minutes without reference

to the previous results. The operator was unable to recall any of lhe'Z'values (which were

recorded to the fourth decimal placel so this was not considered to affect the results.
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Figure 5.1O Co-ordinato uble with dlgital rcadout equ¡pment.

To allow for the possible effect of operator fatigue, the above tests were performed after a

two-hour sess¡on of measurement. The results are presented on page 66.

The ordinant values were then used to calculate a number of geometrical features of the

articular sudaces. These included:

5.25 Measurement of the angle between the two axes of the articular surfaces of the
traPezium and M1

The two axes of the T-Ml joínt correspond to the ridge and groove on the tra'

pezial and metacarpal articular surfaces. The ridges were defined by a line joining

the highest 'Z' values on the articular surfaces and the grooves were represented by a line

joining the lowest 'Z' values. The angle subtended by these two lines was then measured to

the nearest degree using a protractor.

Measurement of the length of the tâto axes on the trapezial and metacarpal

articular surfaces

The arc length of these curves was approximated in the following way:

5.26
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]l

Figure 5.11 Clæ.up vicw of meütcarpa¡ sp€c¡mon on cotrdinate table'

Note: gauge to record constant pressure of metal stylus on the articular cart¡lags.
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b)

a)

c)

the co-ordinates of a number (n) of points which lie on the curve (and the surface)

were obtained from the articular surface data

poinæ on the cunre between data points have their co-ordinates lx,Y,zl expressedas

functions of the parameter, s, which is the chord length from point to point. Speci'

fically x,y,zwere each expressed as cubic splines on the accumulated chord length.

between each pair of data points, m points were obtained from the spline representa'

tion, and the accumulated chord lengüt was recalculated using the intermediate

points.

a), b) and c) were repeated unti¡ a consistent accumulated chord length was obtained.d)

t 2 * l'jlì2 * f 
d''12 

¿.
l. d¡J [drJe) total arc length = was calculated

S-0

using Simpson's rule for numerical integration (Kreyszig, 1979, page 377 and Davis

and Rabinowi¿, 1967, page 20). The spline f¡tt¡ng uses the |.M.S.L. rout¡nes ICS¡CU,

lcsEVU, OCSEVU (For details see l.M.S.L. library manual and appropriate reference

therein).

The relative accuracy of the arc lengür calculation is t 0.002 which is as accurate as the

method of specifying the co-ordinates of the points on the curve. Three test runs are included

in Appendix lll. They illustrate the arc lengtlr calculation applied to:

i) the circle of radius which gave the result, arc length = 6.2767 (the exact answer being

2fr = 6'28319)'

¡i) the helix, X = co$0, y = sind, x= 20. The result was arc length = 14.04676 (the exact

answer being 2 t/ s n = 14.04963).

i¡¡) as for ii) except that the data were rounded to two decimal places before being used,

to illustrate the effect of inaccurate data, the inaccuracy being of the same order as

the possible inaccuracy in the calculation. This gave the result arc length = 14.04658

(the exact answer being 2 J 5 n = 14.04963).

5.n Calculation of the total surfacs area of the articrlar ¡urfaces of the trapezium and

M1.

The calculation of the area A, of a surface specified mathematically by z = g (x, y)

2 ôg 2dxdV
+

a double íntegral was evaluated

using Simpson's rule on sections wtrich ran from posterior to anterior (i.e. sections at a right

angle to XY in Figure 5.12) then the trapezium rule on sections which ran from medial to

lateral (i.e. sections parallel to xY in Figure 5.12). The program SAREA listed in Appendix

lV was used for this purpose.

was carried out by evaluating A =ff.

(Kreyszig, 1979, pages 429439). The integral,
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The relative accuracy of this calculation for the given data was typically t 0'001 for all

specimens. The computation involved is considerable and it was thought that the accuracy

obtained was adequate for the present investígation. More accurate calculations, with the

present data, could be made if necesary.

5.2g Catculation of the surface area of tha quadrants of the articular surfaces of the

traPezium and M1.

The same method as described in 5.27 for estimating the tota¡ surface area of the

articular surfaces was used to calculate the surface area of each quadrant.

5.29 Plotting the articular surfaces of lùe trapezium and Ml
plotting of sections of the surface used Subroutine Plot 3D by Watkins, S.L. (1974)

(Algorithm 483)- for details see Appendix V.

This program plots sections from foreground to background with a 'hidden line feature' in

that parts of sections lying behind more foreground sections are not drawn'

For each right hand specimen the trapezium was orientated so that the medial side was in

the foreground and the anterior aspect to the right of the plot. The matching right hand

metacarpal was placed wiúr the lateral side in the foreground; again the anterior aspect was to

the r¡ght of the plot.

For each left hand specímen t}te trapezium was orientated so that the lateral aspect was

in the foreground, and the match¡ng left hand metacarpal had the medial side in the fore'

ground. For both these bones the anterior aspect was placed to the right of tJre plot. These

details are illustrated in figure 5.12.

Medial

Posterior Anterior

l¡teral

I

I

,
I

M1

I

I
I

ì
\

l¡teral

AnteriorPosterior

Medial

Figurc 5.12 Orient¡tion of spocimenr for ploting ürc añicular rurfacs (for thc right handl
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For the surface plots to have some realism, it was necessary to construct several sections

between each pair of sections given by the data measured from the articular surface. ln the

example shown in Figure 5.13, two sections were constructed between each pair of data sec'

tions. The construct¡on of these sect¡ons was accomplished by using a two dimensional inter'

polating scheme based on the construction of quadric surfaces through six data points near

the point where the interpolation was required. This wascarried outwith program GENCUR,

a listing of which is included in Appendix Vl. This interpolation involved a number of de-

tails relating to the specification of the boundary between data points and the method of

choosing a set of six data points lying on a unique quadric. This is a rather specialised feature

and not of sufficient interest to warrant a detailed description here.

5.3 Results and Discussion

5.31 Measurement error studies

lntra-observer error studies were performed and the repeatability of 'Z' values,

that is, the ability to return to and measure the same co'ordinate was:

a) t 0.0004 inch (t 0.01 mm) for co-ordinates situated within the periphery of the articular

cartilage,

b) t O.OO2 inch (t 0.05 mm) for co-ordinates situated on the periphery of the cartilage where

the geometry is acute and where there were small cracks.

These are acceptable errors of measurement when considered in relation to the degree of er-

ror in the mathematical calculations,

The data obtained by the grid method of measurement can be used for a number of geo'

metrical calculations, making this method superior to that of Smith and Kuczynski (1978)

who measured only the depth of the trapezlal groove using a small tyre thread depth gauge.

No error of measurement studies were included.

5.32 Visual examination of the articular surfaces

Visual examination of the overall shape of the trapezial and metacarpal surfaces

of each T-M1 joint revealed that22 of the 23 had the usual saddle shape. Specimen

number 12 demonstrated not only a deviation from the'normal'saddle shape, but, in addition,

the two surfaces were quite dissimilar. The trapezial surface was saddle shaped: however its

medio-lateral axis (ridge) was more posteriorly placed, while the metacarpal surface was almost

convexoronvex. The metacarpal had no medio-lateral axis (the groove which corresponds with

the trapezial ridgel, but rather sloped posteriorly downwards from the high volar styloid pro'

cess as illustrated in Figure 5.15.

TotalNo. Saddle Triangular Ovoid Semi-
cylindrical

Other

Smith & Kuczynski

This Study

24

22

32

23

1

0

0

1

o

00

Shape of trapezial articular surface - a compadson of the findings of this study with those

of Smittr and Kuczynsk¡ (f 9781.
Table 5.1
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The findings of this study (Table 5.1) contrast strongly with those of Smith and Kuczynski

(lg7B) who visually examined üre shape of the articular surfaces of 32 T'Ml joints. Their

specimens were aged between 60 and 80 years and demonstrated two almost d¡stinct types.

Twenty-four had the usual saddle.shaped surfaces and six were grossly arthrosed with semi'

cylindrical surfaces (the trapezial groove being flat). The ages of specimens used in this study

ranged from l6 to 71 years (see Table 4.4) with five specimens aged between 60 and 80 years.

Smith and Kuczynski also found that the semi+ylindrical joints were set at a different angle

from the plane of the other metacarpals. As they found no specimens of an intermed¡ate stage

between these two extremes they suggested that the semi.cylindrical ioints ' . . . are a different

anatomical variety . . . and are destined to become grossly artirosed . . .' The pos¡t¡on of the

T-Ml joint relative to the plane of the other metacarpals was not examined in the present

study. Although the sample is relatively small, the findings of the present study do not support

the concept of there being a separate anatomical variety, nor that witlr increasing age (and in-

creasing artÍcular cart¡lage degeneration) the surfaces alter in their shape.

The following results are based on data obtained from 23 pairs of articular surfaces using

the grid method.

5.3Íl Measurement of the angle between the turo axes

The data show that 12 of the 23 T-Ml joints had articular surfaces with ¡¡ro dis'

tinct axes running approximately medielaterally and antero'posteriorly. The other 11 speci-

mens demonstrated one slightly abnormal axis on one or other of tlre articular surfaces. When

this occurred the matching surface had clearly demarcated axes (Table 5.2).

Specimen lndistinst Axis
Medio-lateral

M absent
M laterally

t
t

M laterallY
t
t

M laterally
t

M medially
M laterally

t
t
anteriorly
anter¡orly
t
anteriorly
anteriorly
t
anter¡orly
t
t

Total 11 o 5

Tablo 5.2 Dct¡il¡ of indistinqt axc. ql articular ¡¡¡rfæc'
M-matacarpal T-trapezlsl t-normal

Notably, deficiencies in the medio-lateral axis all occurred on the metacarpal surface while

abnormalities in the antero.posterior axis were confined to the trapezial surface.

Details of the two axes, also giving the angle between them, are reported separately for the

trapezial and metacarpal surfaces.

No.

12
18
19
20
21
22
23
24
25
27
28

T
T

T
T

T
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al Trapezial surface

ln all 23 specimens the medio-lateral axis (trapezial ridge) waswell defined and therefore

able to guide the movements of the metacarpal surface during adduction and abduction'

The antero-posterior axis (trapezial groove) which extends from the mid'posterior border in

an antero-medial direction intersected the medio-lateral axis at a mean of 68.40 (range 57o -

88o but with only two within 10o of a right angle). At its anterior end the groove flattened

and this, together with the direction of the axis relative to the medio-lateral axis, would help to

guide the metacarpal into flexion with medial rotat¡on.

Five specimens showed a deficiency in the antero-posterior axis. ln all cases the groove was

less distinct anteriorly where it sloped more medially than usual. ln these five with excessive

medial slope, the trapezial surface would probably guide M1 into even more medial rotation.

b) Metacarpal surface

No abnormality was seen in the antero-posterior axis (the ridge which corresponds with

the trapezial groove); however, six specimens showed an abnormality ¡n the medio-

lateral axis (metacarpal groove).

ln specimen 12 this axis was absent, the surface being convexo{onvex (the opposing tra'

pezial surface was saddle-shaped although its corresponding axis was more posteriorly placed

than usual. lt would seem unlikely that the articular surfaces played a maior role in guiding

the movement of M1).

ln four of the other five specimens the groove was less well defined laterally; the surface

gently sloped postero-laterally in two cases,and antero-laterally in the other two. The flatten-

ing out of the lateral surface of M1 would allow the abducted metacarpal to rotate and trans-

late (slide) more freely.

ln contrast to the trapezial surface, the axes intersected closer to a right angle. The angle

ranged from 690 to 89o, with a mean of 83o.

Other authors have not measured the angle between the two axes of the articular surfaces

of the T-M1 joint, butWarwick and Williams (1973, page 400) in describing saddle'shaped or

sellar surfaces, stated that the two axes are at right angles to each other. The discrepancy be-

tween the angles of the axes of the trapezial and metacarpal surfaces, found in this study,

would favour conjunct rotation during movements of M1. As the two surfaces fit more closely

along the medio-lateral axis, the coniunct rotation is more likely to occur with movemênts

along the antero-posterior axis, that is, during flexion and extension. These findings support

the concept that the articular surfaces help to guide M1 into flexion with medial rotation and

extens¡on with lateral rotation (Warwick and Williams,'1973; Kuczynski, '1974l-,

5.34 Measurement of the arc length of the two axes on t*re trapezial and metacarpal
surfaces

From Table 5.3 it can be seen that the medio-lateral (Xl Yl ) axis of M1 was longer

than the corresponding axis on the trapezial surface in 17 of 22 specimens (speci-

men number 12 was not included as the metacarpal surface was found to be convexotonvex

with no distinct mediolateral axis). These figures show a significant difference in arc length
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between the two axes (using the binomial, one-tailed test, p <.01 ). This supports the visual

impression that generally the medio-lateral axis of M1 is longer than that of the trapezium.

No significant difference was found between the two surfaces in the arc length of the antero'

posterior axis. ln this small sample of 23 T-M1 joints, 13 showed the trapezium to have the

I onger antero-posterior axis.

Full details of the results of measurement of the arc length of the two axes are supplied in

Appendix Vll.

T=M1 TotalAxis T>M1 T<Vl1

Medio-lateral

Antero-lateral

3 l14\"l
13 l57%'l

17 (77\ol

7 l3OY"l

2 (9%ol

3 (13%)

22*
23

Table 5.3 Arc lenglfr of tho two axes of úre T'M1 ¡o¡nt.

T = trapezium, Ml = first metacarpal,'Metacarpal No.l2 had no definite medio{ateral axis.

The mechanical significance of finding the medio-lateral axis to be longer on M1 is that ¡t

permits the articular surface of M1 to roll, on the underlying stationary trapezial surface, during

adduction and abduction (radial'aMuction)'

5.35 Total surface area of the trapezial and metacarpal articular surfaces.

The total surface area of the trapezial and Ml surfaces was calculated and the re-

sults given in Appendix Vlll. A summary of these data is given in Table 5'4. No

significant difference between the two articular surfaces was found.

Total

Surface

Area

T>Ml T<Ml T=Ml

e (3e%) I (35%) 6126%"l

Table 5.4 Articular surfaces - total surface area. A conrparison betureen the trapezial
(Tì and metæarPal (Mîl surfæe¡.

5.36 Surface afer of the quadrantr of the 8rt¡cular surfacos of the T{tl1 joint.

The surface area of the four quadrants (antero.medial, antero'lateral, Postero'

medial and postero-lateral) was calculated for the articular surface of the trapezium

and M1 (see Appendix lXl.

A comparison was made between the trapezial and metacarpal surfaces for the area of each

quadrant (with the exception of specimen No.12 which had no distinct medio-lateral axis) see

Table 5.5. Also the mean surface area was calculated for each quadrant (Table 5'6)'

These tables show little difference in the surface area between the articular surfaces for the

antero-lateral and antero-medial quadrants. However, a larger postero'medial quadrant on the

trapezium and a larger postero-lateral quadrant on M1 were the mostfrequentfindings'
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Total Antero-medial Antero-lateral Postero-medial Postero'latera¡

No.
Speci- T>Ml T<Ml T=Ml T>Ml T<Ml T=Ml T)M1 T<Ml T=M1 T)M1 T(M1 T=M1

men3

22713 2117416332146

Table 5.5 Articutar sr¡rlacec - surfaco arca of eæh quadrant'

A comparLon bctvucen the trapozial (Tl and metacanal (Mll ¡urfaco¡.

TotalNo.
Specimens

Mean Surface Area of Each Ouadrant (sq. inches)

Postero-medial Poste¡o-lateralAntero-medial Antero'lateral

227 0.0489

0.0513

o.0627

0.0597

0.0632

0.0484

0.0489

0.0667M1

Difference

between

T&Mî
0.0024 0.0030 0.0148 0.0178

TaHc 5.6 A conparison betwcen üte m€8n s¡r{æc aru for eæh quadñnt of üre tr¡pezid (Tl

and meæarpd (Mll articular surfæs¡.

A comparison of the relative size of each quadrant for each articular surface (Table 5.6)

shows that for the trapezial surface the posteromedial and antero'lateral quadrants are the

largest, whereas for M1 the largest quadrants are the postero'lateral and antero'lateral'

These findings do not support those of Kuczynski (1974) who foundthat 
" "the partof

the trapezial surface antero-lateral to the groove [i.e. farthest from the base of the second meta'

carpall is larger than the postero'medial part'.

The possible mechanical significance of the findings of this study are that:

a) the larger postero-medial quadrant on the trapezium may assist the accesory move'

ment (antero-posterior gliding and lateral rotation) of Ml during'flattening of the

thenar eminence' to bring the head of Ml into the plane of the other metacarpals.

b) the relative flatness and size of the antero-lateral quadrant of the trapezium assists

M1 to translate anteriorly and medially rotate to assume the position of palmar aÞ

ductlon. (For example, during clockwise circumduction of the right thumb).

c) the larger posterelateral quadrant on M1 enhances the degree of rolling of Ml during

extens¡on-abduction of the thumb.

ln alt three cases accessory movements of Ml are enhanced by the relatively disproportion-

ate s¡zes of the quadrants of the articular surfaces.
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x

v

x

v

Figurc 5.13 Plottlng of rtrc articular ¡urfæo¡ of spæimen No.l lmqnification x 5¡. .

Two sections haw been constructd between each pair of sestions given by th€ data'

5.3? Plotting the articular surfacs! of the T{t'11 ioint

The articular surfaces were plotted to show their contour' Two sections were con'

structed between each pa¡r of sections given by the data. An example of this

plotting is given for specimen No. 1 (Figure 5.13)'

The articular surfaces of specimens 1 and 12 are plotted in Figures 5'14 and 5'15' Only

the sections given by the data are included and to enhance ¡nterpretation they have been mag'

nified x 10. Specimen No. t has the usual saddte'shaped surfaces, while specimen l2showed
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TRAPEZIUM

Posterior Anterior

Medial

METACARPAL

Posterior Anter¡or

Lateral

Figure 5.14 Plotting of tùe articular surfacæ of specimen No. 1.

The sections are those obtained from the data but magnified x 1 0.
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l.:.]l = oon"

= articular surface

- 
= sect¡on plotted from data

-- =medio-lateral axis
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- bone

fl - articular surface

- 
- sections plotred from data

-- -medio']ateral axis

x

TRAPEZIUM

Posterior

MEIACARPAL

Posterior

Lateral

Anterior

Anterior

Medial

Figurc 5.15 Plotting of thc articular ¡utlacs of ¡peclmcn No. 12.

The sections aro thos€ obtained from the date, magnif¡od x 10. The medlo-lateral XY axis

on the tÉp€zium is placed poiter¡orly compared with specimen No. 1, and theñe w¡tr no

d¡st¡nct corrcsponding axí3 on the metacarpal surfæe.
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deviation from this pattern in that its medio-lateral axis was more posteriorly placed on the

trapezium and absent from the metacarpal surface. This latter surface gradually sloped pos'

teriorly from a high peak on the anterior styloid process.

Plotting of the articular surfaces to give a visual display of theír contours was disappointing

as this method lacks realísm where the surfaces are slowly'undulating'. However, the plots for

specimens 1 and l2demonstrate use of the method in detecting differences in contour between

the articular surfaces.

5.4 Summary

1. Two methods were devised for measuring the articular surfacesof theT-M1 joint. Thefirst

of these, the sectioning method, was discarded because of lack of accuracy in measurement

of the total surface area and because it destroyed the specimen, making it impossible to calcu'

late other features of the articular surfaces. The second, the grid method, was found to be re'

producible with an acceptable degree of error. This method was then used to measure the

articular surfaces of 23 T-M1 joints'

2. Computer programmes were written to use the data to determine the following geometrical

features of the articular surfaces:

a) measurement of the angle between the two axes. On the trapezial surface the axes

intersected at a mean angle of 680 (range 57o to 88o) wh¡le on M1 the axes inter-

sected at a mean angle of €lÍ|o (range 690 to 89o).

b) measurement of the arc length of the two axes of the T'Ml joint. The medio-lateral

axis was found to be significantly longer on the metacarpal surface (p ( '01 ); however,

the antero-posterior axis was not found to be s¡gn¡f¡cantly different in length between

the two surfaces.

c) measurement of the total surface area of the two articular surfaces of the T'M1 joint.

Results showed no significant difference in surface area between the trapezial and

metacarPal surfaces.

d) measurement of the surface area of the quadrants of the articular surfaces. Results

show that for the trapezial surface the postero-medial and antero-lateral quadrants

were the largest, whereas for Ml the largest quadrants were the postero'lateral and

antero-lateral. A comparison between the two articular surfaces showed a greater

frequency for the postero-medial quadrant to be larger on the trapezium and for the

postero-lateral quadrant to be larger on M1.

e) plotting of the articular surfaces to display their contours.
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CLINICAL STUDY

6.1 I ntroduc-tion

Although various studies of the T-M1 ioint have been reported (Haines (1944), de la

Caffiníère (1970), Pieron (1973), Kuczynski {.1974l', Bosjen-MØller (1976), Lewis (1977) ), the

literature provides no detailed account either of joint mobility or of factors known to influ-

ence this. ln aiming to remedy this situation, the present study provides a detailed account of

the results of a wide.ranging investigation of passive movement of this joint.

The detailed aims of the clinical study were:

6,11 to note the relationship of demographic variables (gender, age, a past history of

pain at the thumb base, use of the thumb, obesity, pain elícited during examina-

tion, peri-articular thickening) to the mobility and incidence of osteo'arthrosis

of rhe T-M 1 ioint.
6.12 to record in a non-clinical group of T'Ml joints:

1) the range and quality of the phys¡ological and accessory movements

2) the incidence of dorso-lateral ¡nstab¡l¡ty

6.13 to compare in a group of individuals with generalised peripheral ioint hypermo-

bility

1)the range and quality of the physiological and accessory movements of the T-M1

joínt with the non-clinical group

2) the incidence of dorso-lateral instab¡l¡ty with the non'clinical group

3) the incidence of age-related osteo.arthrosis with reports ¡n the literature

6.14 1l to compare in a group of osteo-arthrotic T-M1 ioints, as against üre non-clinical

group:

a) the range and quality of the physiological and accessory movements

b) the ¡ncidence of dorso'lateral instabil¡ty

2) to compare the pathogenesis of osteo-arthrosis of the thumb base with reports in

the literature.

6.,|5 to investigate the relationship of specific occupations (manipulative therapy, tailor'

ing, dressmaking, playing the violin, viola or 'cello) to T-Mt joint mobility and

osteo-arthrosis.

6.16 to study the relationship of adiacent joint mobiliry to the range of movements of

the T-M 1 joint.

6.17 to investígate the relationship between osteo'arthrosis of the T-Ml joint and men-

strual status and between osteopenia and menstrual status.
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a)

b)

c)

d)

No subject was included in the clinical study who:

had a history of direct injury to the thumb base

had radiographic evidence of congenital abnormality of the T'M1 joint

had clinical or radiographic evidence of rheumato¡d arthritis of any joint

was non-Caucasian

6.2 Selection of Subiects

Subjects were allocated to the following groups, the selection of which is detailed

below.

6.21 Non-clinical

The subjects were drawn from the professional, clerical and domestic staffs of the

Royal Adelaide Hospital, staff and students of the School of Physiotherapy, South

Australian lnstitute of Technology, and staff and students of the School of Medicine, the Uni-

versity of Adelaide. There was a minimum of 10 males and 10 females in each age group -
20-25, 30-39, 4049, 50-59 years.

Subjects were excluded if they had a history of trauma, pain and/or swelling of the thumb

base or radiological evidence of any abnormality including osteo'arthrosis of the T'M1 joint.

This group of 'medically normal' T-Ml ioints was chosen to form a baseline for comparison

with other groups.

6.22 Subiects with generalised hypermobility of peripheral ioints

Subjects were required to score positively in three pairs of the following ioint

movements:

i) passive metacarpo-phalangeal (McP) joint extension of the little finger equal to or

greater than 75o

¡¡) passive elbow hyper'extension greater than 10o

¡ii) passive knee hyper'extension greater than 10o

iv) passive ankle dorsi'flexion greater than 40o

While the visual assessment procedures of Beighton et al, (1973) now appear as the standard

measurement system of peripheral joint hypermobility (Bird etal., 1979), the criteria used in

the present study have been shown by Grant (1979) to be more stringent. She found that of

3O individuals scoring positively on the Beighton tests only 24 could be rated as exhibiting gen'

eralised peripheral joint hypermobility using the above criteria. Subjects were excluded if they

were known cases of heritable disorders of connective tissue in which hypermobilíty was a

feature, for example, the Ehlers-Danlos Syndrome or Marfan's Syndrome. Other than measur-

ing the metacarpal index (Appendix X) no attempt was made to screen undiagnosed cases,

either by skin elasticity or biochemical studies, these being well beyond the scope of this study.

6.23 Subiec'ts with osteo'arthrosis of the T'M1 ¡o¡nt

Subiects were allocated to the osteo-arthrosis group if there was radiological evi'

dence of degenerative changes at the T-M1 joint. Details of degenerative changes

and their classifícation according to the degree of osteo-arthrosis are given in Table 4.2.
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6.24 - 6.26 Occupational grouPs

The following three groups consist of people whose occupation are likely tostress

the T-M1 joint leading to varying degrees of trauma. As well as presenting the

criteria for selection into these groups, the possible cause of trauma is also described'

6.24 ManipulativetheraPists

For the purposes of this study manipulative therapists are defined as physiothera'

pists who use passive mobilising techniques, as described by Maitland (1977 a and

b), in the treatment of vertebral and peripheral joint condítions'

The criteria for selection were:

i) the use of passive mobilising techniques for at least 80% of the time in the treatment

of patients

ii) the use of these techniques for at least five years pr¡or to this study.

The number of manipulative therapists in Australia who fulfil these requirements is limited,

necessitating visits by the author to Sydney, Melbourne and Perth to examine 20 individuals'

Had the requirement been use of these techniques for 1O years (in keeping with the require'

ment for selection into the other two occupat¡onal groups) the numbers would have been

halved.

Passive mobilisation involves the imparting of small oscillatory movements to a joint using

the thumbs.

Figure 6.1 Position of thumbs for pæive mob¡l¡sat¡on.
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- 

Manipulative Therapist's Thumbs

Compressive Force
Through Thumbs

Patient's Tissues

Reactive Force
From Tissues

Figurc 6.2 D¡rcct¡on of fo¡es! during pasivc mobilir¡tion.

As can be seen in Figure 6.1 the thumbs are placed w¡th the na¡ls apposed, so that the

thumb t¡ps contact the bony surface, for example the spinous process of a vertebra. Pressure

is exerted equally with both thumbs and may vary from very gentle pressure to firm pressures

of up to 35 Kg. With each oscillation a react¡ve compress¡ve force is imparted to the joints

of rfie thumb (Figure 6.2).

6.25 Tailor¡ and dressmakers

The criteria for selection into this group were:

i) tailon and dressmakers who do most of their sewing anil cutting of material

by hand (rather than bY machine).

¡¡) ta¡lors and dressmakers who had been engaged in their occupat¡on full-time

for at leæt 10 years pr¡or to Útis study.

Those who had used the¡r thumbs for a cumulative period of more than two years at a vari'

ety of other activities were excluded. Details of such activit¡es are given on page 82.

Tailors and dressmakers may traumatíse their thumbs in tvvo ways. As illustrated in Figures

6.3 and 6.4, these are during repeated strong opposition occasioned by using large scissors to

cut heavy material and during long periods of hand sewing wíth a needle and thread.
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Figure 6.3 Thumb oppot¡t¡on during cutting wiür scissors.

6.26 Musicians - str¡ng instrument players

The criterion for selection into this group was that the musicians had played a

violin, viola or'cello for a cumulative period of 10 years prior to this study.

Those who had used the¡r thumbs for an aggregate of more than two years at other activi-

ties were excluded. Details of such activ¡ties are given on page 82.

The T.Ml joints of violinists, 'cellists and viola players were examined because both thumbs

are held stat¡cally for long periods. The right hand, in controlling very fine movements of the

bow, holds the bow between the thumb and middle finger as the fulcrum with counter-pressure

between the index on one side and the ring and little finger on the other (Figure 6.5).

The left thumb mostly acts as counter-pressure against the neck of the instiument while the

fingers depress the strings (Figure 6.6). ln playing the 'cello, the thumb is also used to depress

the strings.
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-ì

Figurc 6.4 Sustained pr€.lur€ bct!úeon ürumb and index fingor during cewing wit{¡ a needle and tlrread.

Figurc 6.5 Poûit¡on of ¡ight drumb in holdlng tùc bow'
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(a)

violin or viola

¡g¡ 'celto

Figurc 6.6 Pot¡t¡on oil left thumb in holding dre neck of a violin, viol¡ or ,cello.

6.3 Method

6.31 lntroduetion

Both thumbs of each subiect were exam¡ned. The exam¡nation procedure cons¡sted

of:

r questionnaire (6.32)

. clinical examination

a) general (5 tests) (6.33)

b) T-Ml ioint (6.341

i) thickening or bony enlargement (1 test)

¡¡) passive physiological movements (3 tests)

¡¡¡) passive accessory movements (7 tests)

c) ioints adiacent to the T'M 1 ioint (6.35)

i) trapezio'æcond metacarpal ff'M2) ioint (2 tests)

¡¡) trapezio'trapezoid (T'T) ioint (2 tests)

i¡¡) trapezio'scaphoid (T'Sc) ioint (2 tests)

ivl first metacarpo'phalangeal (McP) joint (2 tests)

d) generalised peripheral joint mobility (8 tests) (6'36)
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a radiological examination (6.37)

a) normality of the T-M1 joint

b) range of physiological movements of the T-M1 joint

c) instability of the T-M1 ioint
d) osteo-arthrosis of the T'Ml and adjacent joints

e) osteopenia

Except where information was required to either exclude an individual from the study or

to fulf¡l the criteria for selection into groups, the questionnaire was completed following the

clinical examination. This was done in order to avoid possible bias of the findings on tJle

clinical examination from a knowledge of age, dominance and use of the thumbs.

Radiological examination was always the final procedure (again to avoid possible bias from

a knowledge of the X-ray findings). Thus it was not until thís stage that selection was made

into the non-clinical and osteo-afthrotic groups.

6.32 Ouestionnaire

A copy of the questionnaire is included in Appendix Xl. lt included the follow'

ing:

a) Age

Age to the nearest year was recorded following which the individual was allocated

to one of the followíng groups - 20'29 years, 30'39, 4049, 50-59 years'

b) Gender

The individual's gender was recorded.

c) Side

As both thumbs were examined for each subject, the side (left or right) was re-

corded.

d) Dominance

Dominance was categorised as left-handed, right-handed or ambidextrous.

e) Use of the thumb

Act¡vities which involved the thumb in firm gripping were included as relevant use

of the T-M1 joint. These included occupations in which a tool was grasped and

recreational activities holding fírmly the handle of a racquet, bat or stíck.

As many of these act¡vities involved only the dominant hand, use of the thumb

was recorded for each side separately. Thumb use was expressed in number of

years and categorised as 0'5 years, 6-10, 1 1:15, 16-20, more than 20 years'

f) History of trauma to the thumb base

Note was made of direct injury to the base of the thumb and thenar eminence, but

injury distal to the metacarpo-phalangeal joint was not included.

S) History of pain at the thumb base

A history of pain in the T-M1 joint was recorded and the subiect was asked whether

the pain was related to use of the thumb. A history of pain around the metacarpo'

phalangeal or inter-phalangeal joints of the thumb was not included.
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h) Menstrual status

The menstrual status of all female subjects was classified as normal (regular), meno-

pausal or post-menopausal/post-hysterectomy. For the last category, the number

of years they had been post menopausal, or since their surgery, was recorded.

6.33 - 6.37 Glinical Examination

The findings of the clinical examínation were recorded on a coded data sheet suitable

for computer analysis. A copy of this is included in Appendix Xl'

6.33 Clinical examination - general

i) Height

Height was measured to the nearest 0.5 cm with the individual standing in bare

or stockinged feet.

i¡) Weight

Weight was recorded to the nearest 0.5 kg after shoes and bulky clothing were

removed.

¡¡i) Body build

Body build was assessed as small, medium or large frame.

iv) Obesity

An indivídual was classed as normal or obese using the tables developed by the

Metropolitan Life lnsurance Company (19771 which take into account an indi'

vidual's body build, age, height and weight.

v) Skin thicknes¡

Using the same method as that described for the autopsy specimens (page 29 )

the thickness of skin over the dorsum of the fourth metacarpal was measured.

The mean of three recordings was taken.

The tests used in the remainder of the clinical examination were carried out on 20 subjects

to standardise testing procedures.

6.34 Clinicalexamination - T'Ml ioint
i) Ttricfening and/or bony enlargement of the T{ll1 ¡o¡nt

The T-Ml joint was palpated for any thickening of the peri-articular tissues

(capsule and ligaments) and/or bony enlargement. These palpation findings

were recorded as being present or absent.

¡¡l Physiological movements of the T-Ml ioint
The ranges of physiological movements of the T-M1 ioint were measured from

radiographs as this has been shown to be one of the most accurate methods of

measurement of joint range (Edholm, 1965).

To reduce the extent of exposure of the hands to radiation only three physiological move'

rnents were examined. These movements - extension, palmar abduction and opposition of the

thumb to the base of the little finger - were chosen as they were considered to be the most

important for hand (thumb) function. The relationship of these movements to the plane of

the second and third metacarpals is illustrated in Figure 6'7.



84

Planc of the
2nd and 3rd Metacarpals

----

Palmar Abductlon

Flgurc 6.7 R¡ght T'Itll ioint - phy¡iologlc¡l ñovcment t$t¡'

Movement¡ of M1 rslôtlve to tho plane of the second and Úrird metacarpal!.

R2

Rl B R1 'f- B

Exten¡ion

R2

AA

al ,Normal, end.feel bl Abnormal end.feel

Figurc 6.8 Dia0ranrm¿tic rrgfe-nlltlon of 'and.fcol'of paive mou€m.nt.

Note: AB - anY pa¡¡¡vle movcm€nt; A - startlng Polnt, and B 'end of range in a'normal'JOint'

Rî - polltion 6t whlch st¡ffn6. ¡t f¡Ét felt and R2 - point of maximal stiffn€ss.
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For each movement test the subject's position was standardised (see pagel00for a detailed

description of these positions, under Radiological Assessment).

ln addition to the radiological measurement of range, each of these physiological move'

ments was clinically examined for:

a) production of discomfort/pain localised to the T'M1 joint

This was recorded as:

1)none (¡f the movement produced no discomfort when passively stretched to full

range) or

2) discomfort/pain.

No attempt was made to quantify this pain or discomfort.

b) the qual¡ty of the movement

1) the presence of crepitus in the T-M1 joint during the particular movement test, and

2) tlre'end-feel' of the movement. Normally these three passive physiological move'

ments feel 'free' or 'loose' until the last few degrees of range, when slight stiffness

is perceived as the ligaments and capsule are placed on stretch. This stiffness in-

creases to a maximum when these structures prevent further mOtion.

As first described by Hickling and Maitland (1970), the'end-feel'of a movement can b por'

trayed diagrammatically by a horizontal line AB representing any passive movement, where A

is the starting point and B is the end of range in a 'normal.' joint. Stiffness (resistance to move'

ment) can be recorded by a line R1 - R2 where Rl represents the point in the range where

resistance is first felt and R2 is the maximum intensity, that is, the point where resistance

prevents further passive motion (Figure 6.8)'

From clinical experience the author has often noted an abnormal 'end-feel' to certain move'

ments in pathological joints. This abnormality can be expressed as the presence of stiffness

(orresistanceearlierintherange). ThísisdepictedinFigure6.SbwhereRl isnearertoA.

Thus for each movement test the 'end-feel' was classified as:

(1 ) 'normal', or

l2l resistance early in the range

ln T-M1 joints with a 'normal' range of extension and palmar-abduction, the limiting

factor to these movements is the web between the thumb and index finger. Therefore, in order

to appreciate the 'end-feel' of these movements at the T-M 1 ioint (and not simply stretch of the

web) the trapezium was held between the thumb and index finger of one hand while the thumb

and index of the other hand held M1. 'End-feel'is best perceived by oscillatory movements up

to the end of the range, rather than one slow movement (Maitland, 1977a, page 3¿14)' With

each oscillation of M1 the index finger was permitted to follow the movement, thus avoiding

tension in the web.

iiilAccessory movements of the T'Ml ¡o¡nt

As defined earlier, accessory movements are not under voluntary control and can

be produced only passively. These movements of one bone on another occur con'

comitantly with active and passive physiological movements and indeed they are essential for

normal functioning of these movements'
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During movements of the thumb, the trapezium is relatively fixed and the metacarpal ¡s

the moving component of the T-M 1 joint. For this reason for each of the seven passive acces'

sory movement tests used in this study, the trapezium was stabilised while M1 was moved in

relation to ¡t by holding Ml close to ¡ts prox¡mal end, that is, adiacent to the T'M1 joint' ln

this way movements were localised to the T'Ml ioint.

With each test, the T-M1 joint was held in a neutral pos¡tion between all of its ranges of

movement so tiat its capsule and ligaments were not put on tension. This permitted a maxi'

mal range of passive accessory movement in any desired direction. Care was taken not to

compress the joint surfaces as th¡s would restrict the range of movement. ln add¡t¡on, because

several tendons span the T-Ml and its adiacent joints, the wrist and the f¡rst metâcarpo'phalan'

geal joint were placed in a neutral pos¡t¡on so that those tendons were not taut and therefore

limiting the range of movement. Each movement test was performed as much as possible as a

pure movement, not allowing other movement5 to occur simultaneously; for example, with

anteroposterior gliding the metacarpal was not permitted to rotate.

The actual range of movement cannot be assessed in degrees. An ordinal scale of five grades

was used. These were 'hyper.mobile', 'normal', 'slightly stiff', 'very stiff' and 'no movement"

To assist in quantifying such small ranges of movement, the test movement was performed as

an oscillation using the arms rather than the fingers and thumbs. Reliability tests for th¡s

metlrod of measurement were performed, the results of which appear on page 1 10.

As with the passive physiological movement tests, the quality of the movements and the

production of any discomforVpain were recorded.

The seven passive accessory movements tested for each T'M1 joint were distraction, postero-

anterior and antero-posterior gliding, medial and lateral gliding and medial and lateral rotation'

The direction of these movements in relation to úre plane of the second and third metacarpals

is shown in Figure 6.9.

t medial gliding lateral rotation

plane of 2nd
and 3rd
metacarpals AP gliding

3
P-A gliding

{ lateral gliding

Diruction of pæivc ædory movement¡ for tñe right hand'

medial - medial gliding; med. rotn. - medial rotation; P.A ' postero'anterior gliding;

latoral - lateral gliding; lat. rotn. - lateral rotat¡on; ArP - anterofosterior gliding'

I
\

medial \
rotation

M1

.t(

Figure 6.9
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Figure 6.10 R¡ght T{t'lf ioint - distaction'
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Figure 6.11 Right T-Ml io¡nt - postoro'anter¡or gliding'
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A description of each passive accessory movement for the right T'M1 joint follows'

Distraction

Starting position: The examiner's left hand was placed around the lateral border of the sub'

ject's wrist so that the trapezium was securely grasped between the pads of the thumb and

index finger. The subject's M1 was held at its proximal end, adjacent to the T'M1 joint, by the

examiner,s right thumb and index finger. The rest of the thumb was comfortably supponed

in the loosely flexed fingers of the examiner's right hand. Thus the examiner's two thumb pads

were on the dorsal aspect and the two index fingers on the anterior aspect of the trapezium

and M1 (Figure 6.10).

Method: The T-M1 joint was positioned in a neutral position. Distraction of Ml was produced

by abducting the examiner's right shoulder. Small oscillatory distraction movements were

produced along the long axis of M1.

Postero-anterior and antero-posterior gliding

Starting position: As for distraction (Figure 6. 1 1 )'

Method: Ml was glided along the trapezial 'groove'.

a) postero'anterior gliding

From the neutral position, the Ml was passively glided in an anterior direction with

pressure exerted through the examiner's right thumb, and then M1 was returned to

the neutral position again, using pressure through the examiner's right index finger.

b) antero-posterior gliding was effected by gliding Ml posteriorly by pressure on the

anterior aspect of M1 with the examiner's right index finger. The right thumb re'

turned Ml to the neutral Position.

Small oscillatory movements were performed firstly in one direction and then in the other'

The movement was performed by extending and flexing the examiner's right elbow and not by

pressure with the thumb and index finger. Care was taken to avoid angulating the movement

by allowing the thumb to flex or extend.

Medial and lateral gliding

Starting position: As for distraction except that the trapezium and M1 were held on the medíal

aspect by the pads of the thumbs, and on Ìhe lateral aspect by the pads of the index fingers

(Figure 6.12).

Method: M1 was glided along the'ridge'of the trapezium. Medial gliding waseffected by ex'

tending the examiner's right elbow so that pressure was exerted through the index finger'

Similarly, with right elbow flexion pressure was produced with the thumb pad on the medial

aspect of M1, the subject's M1 causing it to glide laterally' Small oscillatory movementswere

performed firstly in one direction and then in the other and again care was taken to avoid

angulation of the gliding movement by permitting the thumb to adduct or abduct.

Medial and lateral rotat¡on

Starting position: The trapezium was stabilised as described for medial and lateral gliding' The

distal end of the subject's M1 washeldon itsmedial andlateral aspectsbythe rightthumband

index finger respectively. The metacarpo-phalangeal joint was held in approximately 20o of

flexion by pressure on the dorsal aspect of the proximal phalanx w¡th the examiner's right ring

and little fingers (Figure 6.13)'
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Figure 6.12 R¡ght T.Ml jo¡nt - lateral gliding.
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Figure 6.13 R¡ght T'Ml joint - medial rotation'
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Metacarpoghalangeal

ioint

Trapezio- M2 joint

M5 Trapezio-trapezoid ioint

Trapezio*caphoid joint

FiguE 6.14 Antcrior üp€ct of right hand drowing ioint¡ adiæent to T{lrll ioint.

Method: Supinating the examiner's forearm effects med¡al rotation of Ml (through holding the

distal end of M1). Added effectivenes was gained by presure of the examiner's m¡ddle finger

aga¡nst the medial aspect of the prox¡mal phalanx. Similarly, pronating üte forearm effects

lateral rotat¡on of Ml, enhanced rotat¡on resulting from pressure wittr the ring finger against

the lateral aspect of the distal phalanx. The first metacarpal was oscillated from the neutral

pos¡tion to medial rotat¡on and then from neutral to lateral rotation.

6.35 Glinical examination - ioints adiacent to the T{tll ioint

Adiacent joint mobility was exam¡ned as this may affect the mobility of the T'Ml

ioint. For instance, stiffness in the metacarpo'phalangeal joint may result in the T-M1 ioint

becoming more mobile.

The ioints adiacent to the T-M1 ioint are the trapezio-scaphoid, trapezio'trapezoid, tra'

pezio+econd metacarpal and the metacarpo-phalangeal ioint of the thumb (Figure 6'14)'

The mobility of the articulations with the trapezium were tested by passive accessory move'

ments of antero-posterior and postere'anterior gliding and recorded as 'normal' or 'stiff" The

pasive physiological movements of flexion and extension were examined for the metacarpo'

p6alangeal joint and recorded in degrees. These are described for the right hand as follows:

M2
M3

M4
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Figure 6.15 Postero'anter¡or gliding of r¡ght trapezio+apho¡d io¡nt'



94

)t

Figure 6.16 Passive flexion of metacarpo-phalangpal ¡o¡nt of right thumb.

Note: pen (parallel to metacaçal shaftl used to assist assessment of angle of

flexion (between metacarpal and proximal phalanxl'
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i) Accessory movements of the trapezio-scaphoid, trapezio-trapezoid and trapezio'
second metacarPal ioints

Antero-posterior and postero'anterior gliding

Starting position: W¡th the subject's hand facing palm downwards, the trapezium was

firmly grasped between the pads of the examiner's right thumb and index finger. The subject's

scaphoid was held in a pincer gr¡p between the tips of the left thumb and index finger (placed

on the dorsal and palmar aspects respect¡vely). lt was necessary to use the tips, rather than

the pads, to enable the movement to be isolated to one small carpal bone (Figure 6.15). ln

turn, the scaphoid, trapezoid and then the base of the second metacarpal were'pinched'in

order to isolate movement between these bones and the trapezium.

Method: The right hand stab¡l¡sed the subject's trapezium while the left thumb and index finger

oscillated the subject's scaphoíd (trapezoid or second metacarpal) in an anterior and then a

posterior direction.

¡¡) Physiological movements of the f¡rst metacarpo'phalangeal ioint

Passive flexion and extension

Starting position: With the subject's right hand facing palm upwards, the Ml was

stab¡l¡sed between the pads of the examiner's left thumb and index finger while the right

thumb and index finger held around the subiect's proximal phalanx.

Method: Using the right hand, the examiner passively flexed, and then extended, the meta'

carpo-phalangeal joint and noted the angle subtended between the shaftsof M1 andtheproxi'

mal phalanx (Figure 6.16).

6.36 Clinical examination - tests for generalised peripheral ioint hyærmobility

As enumerated on page 76, the four peripheral movement tests utilised in this

study were all performed bilaterally as passive tests and were carried out on all

individuals. Each subject's mobility was assessed as 'normal'mobili{ or hypermobile (accord'

ing to the criteria set out on page 76). The four tests will now be described in detail.

i) Passive extens¡on of the metacarpo-phalangeal ioint of the little finger
(sth McP extension)

As illustrated in Figure 6.17 the subject's forearm and hand were placed flat on the

table with the palm downwards. The metacarpal of the little finger was held firmly

against the table by the examiner's left hand whilst the McP joint was passively extended by

the examiner's other hand applying pressure through the lateral and mediál aspects of the

intermediate phalanx. The inter-phalangeal joints were permitted to flex to avoid tension in

the flexor tendon. The angle between the metacarpal and proximal phalanx was measured by

visual assessment.

i¡) Passive hyper+xtension of the elbow

Hyper-extension is extension beyond a straight line (180o) between the arm and the

forearm. Hyper-extension was measured in sitting, with the subiect taking comfort'

able weight through the right arm. The arm was positioned with the shoulder laterally rotated,
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Figure 6.17

Note

Measurement of passive extens¡on of the loft metacarpo-phalançal joint of füo l¡ttlo f¡ngsr.

i) hypermobil¡ty of the 5th McP joint
ii) for clarity the examiner's stab¡l¡zing hand is not included in the photograph

forearm supinated 90o (care being taken to prevent further supínation which would allow the

elbow to twist into'thecarryingangle') and the hand flat on the table (palm downwards and

fingers facing posteriorly). lf the subject lacked wrist extension, a small pad was placed under

the heel of the hand.

The subject was asked to perm¡t the elbow to sag into full hyper-extensíon whíle the angle

was measured with a standard Zimmer goniometer centred over the lateral aspect of the head

of the radius. The bony prominences used for alignment of the goniometer were the styloid

process of the radius distally and midway along the lateral aspect of the acromion proximally

(Figure 6.18).

i¡¡) Passive hyper+xtension of the knee

As with the elbow, extension beyond a straight line (between the thigh and the lower

leg) is described as hyper-extension. This was measured with the subiect standing bare-

footed and weight-bearing through the leg. The subiect was asked to allow the knee to sag into

full hyper-extension. The landmarks used for goniometric measurement were the greater tro-

chanter of the femur proximally, the lateral ligament of the knee joint, over which the gonio-

meter was centred, and the lateral malleolus distally (Figure 6.19).
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Figure 6.18 M€æur€m€nt of pas¡ive hypor{xtent¡on of the left elbow.

Note hypermobilitY of the elbow.

iv) Passive dorsi'flexion of ttre ankle

Dorsi-flexion is measured by the angle between the shin and the sole of the foot.

Dorsi-flexion was measured with the subject standing bare'foot and weight'bearing

through the foot. A 'Myrin' goniometer was strapped over the head of the fibula. Using a

set-square, the head of the fibula was placed vert¡cally above the lateral malleolus and the

pendular needle of the goniometer set at zero. The subject was then asked to lunge forward,

with the knee flexed, ¡nro full dorsi-flexion, keeping the heel flat on the floor (Figure 6.20 a

& b).
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Figure 6.19 Measurement of passive hyperoxtenrion of the left knee.

Note hypermobility of knee.
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4>

Figure 6.20 a & b Measurement of passive dorsi-flexion of the left ankle'

Note (a) set square alignment of lateral malleolus and head of fibula
(bl hypermobility of ankle. ln this cæe,4Oo on the 'Myrin' goniometer

I
ì
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6.37 Radiological assessment

Radiological assessment included:

a) normality of the T'Ml joint

b) range of physiological movements

c) dorso-lateral instabilitY

d) presence of osteo-arthrosis

e) presence of osteoPenia

As discussed in the literature review many authors consider the incidence of osteo'arthrosis

of the T-M1 joint to be highest in post-menopausal women, also that thepost'menopauseand

post-hysterectomy states are linked with osteo-porosis and osteopenia. For all women in this

study details were recorded of their menstrual status and the presence of osteo'arthrosis, and

for those aged 40 years and over bone quant¡ty calculation was made (by commencing at 40

years of age the author considered that it would include all cases of bone loss as Exton'Smith

et al. (1969) showed that there is a normal loss in the quantity of bone after the age of 45

years).

To avoid possible bias, the radiological assessment always followed the clinical assessment.

(a) Normality of the T.M1 ioint
The postero-anterior and lateral radiographs were examined for any abnormalities of

the T-M1 joint such as congenital deformity, rheumatoid or osteo-arthrosis. The presence of

congenital deformity or of rheumatoid arthritis excluded the individual from the study. The

presence of osteo-arthrosis is discussed on page 38.

b) Measurement of physiological movement of the T'Ml ioint

Radiographs were taken of the thumb in the physiological positions of extension,

palmar-abduction and opposition.

As seen in Figure 6.21, special apparatus was designed to standardise the position of the

subject's forearm and hand in relation to the X'ray tube and film.

The apparatus consisted of a wooden base, to support the forearm and wrist, and a mobile

support for the fingers. The perspex support could be rotated on a central pivot through 90o

to the left and right to alter the position of the hand (T-Ml joint) relative to the film, (placed

immediately under the hand, but on top of the wooden base) and to the vertically placed X'ray

tube.

For radiological measurement of palmar-abduction and opposition it was necessary to

stabilise the subject's wrist and palm in an isoprene spl¡nt with straps around the forearm,

wrist and palm as illustrated in Figures 6.24 and 6.26. This stabilised the carpus and metacarpal

of the index finger while the thumb was actively moved into the test pos¡t¡on.

All X-rays were taken with a focal film distance of 100 cm and an exposure time of 100 mA/

sec.

Details of the positioning of the thumb relative to the second and third metacarpals are des-

cribed below. Originally it was planned to measure the passive range of extension, palmar'

abductíon and opposition but this was unwise due to excessíve radiation of the author's hands.

lnstead, the active range was taken with encouragement to the subject to fully stretch the

thumb in the desired direction.
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Figure 6.21 Apparatus used in radiographic me6ur€mont of movement at the T-Ml joint.

Figure 6.2Íl Po¡ition of right hand for radiographic measuremont of extension.
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Figure 6.23 Postero-anterior view of right T{ìll1 joint showing ¡adiographic measut€mont of extension.

Note range of extension : angle between long axes of M1 and M2.

il Extension

The subject's forearm was pronated and hand placed palm downwards on the X-ray

film. The subiect was asked to actively extend the thumb away from the índex

finger, that is, in line with the metacarpals of the fingers (Figure 6.22). This permitted a

postero-anterior view of the T'Ml joint (Figure 6.23).

ii) Palmar abduction

The subject's wrist and palm were stabilised in the isoprene splint. The finçrs were

supported against the vertically positioned perspex support and the forearm stabil¡sed

on the wooden base between 2 metal pegs so that the forearm was in mid'position between

pronation and supination (Figure 6.24). The thumb (T-M1 joint) was actively abducted at

right angles to the plane of the palm. This permitted a lateral view of the T-Ml joint (Figure

6.251.
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Figure 6.24 Pos¡tion of right hand for radiographic moaturement of palmer-abduction.

iii) Opposition

The subject's wrist and palm were stabilised in the isoprene splint. The fingers were

supported against the perspex support which was adjusted to position the forearm and

hand in 70o of medial rotat¡on. The thumb tip was actively opposed towards the base of the

little finger (Figures 6.26 and 6.27!..

The range of physiological movement was obtained by measurement of the angle between

the long axes of the metacarpals of the thumb and index fingeron the radiographs.

(c) Dorso-lateral instabilitY

A postero-anterior 'stress' X-ray was taken of both hands to note àny dorso-lateral

¡nstab¡líty (subluxation) of the T-M1 joint. Following the method described by Eaton

and Littler (1973) the subject's forearms were pronated and hands placed with palms facing

downwards, flat on the X-ray film. With the thumbs extended approximately 45o, the subject

was asked to f¡rmly press the thumb nails together. An experienced radiologist examined the

radiograph for the presence of dorso'lateral subluxation.
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Figure 6.25 Latoral v¡ow of right T-tláî ioint drowing radiographic meæurernont of palmar-abduction.

Note nange of palmar abduction = angle betuæen long axes of Ml and M2.
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I

o

Figure 6.26 Position of right hand for radiographic measurem€nt of oppos¡t¡on.
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Figure 6.27 Rlút T-Ml ioint - radiographic me&lromont of opposition.

Note range of oppos¡tion - angle betvìre€n long axes of M1 and M2, No attempt was mads

to measu¡g the componon$ of oppos¡tion.
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M1

1lz 3lq 4lt

LATERAL

0 1/4

MEDIAL TRAPEZIUM

Figurc 6.29 Diagr¡nm¡tic reprocont¡tion of dor¡o'l¡c¡d sublux¡don of rigàt T{ll1 loint.

Note mlld subluxatlon of Mî.

As depicted in Figure 6.29, the trapezial articular surface was divided into quarters in a

medio/lateral direction and the degree of subluxation was graded as:

normal

mlld subluxation

moderate subluxation

marked subluxation

dislocation

d) Presencs of osteo'arthrosis

The postero.anterior and lateral X-ray views were examined for the presence of degen'

erative changes in the articulations of the trapezium w¡th the first and second meta'

carpals, tie trapezoid and the scaphoid and in the metacarpo'phalangeal joint of the ülumb.

The site and degree of deçnerative changes were recorded, the latter being classified as mild,

moderate or marked (Table 4.2).

0
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All assessments of osteo.arthritic changes were made by the same experienced radiologist.

e) Presence of osteoPenia

The quantity of bone was calculated using the method described by Exton'Smith et al.

(1969) as it gave a better correlation {r = 0.85) with ash content than other indices of

bone quantity described by Garn et al. (1964, 1967) and Newton'John and Morgan (1968)'

Measurements were made from the postero-anterior radiographs of the metacarpal bones of

the índex, middle and ring fingers of both hands and then the mean of these was taken. The

following measurements were made using a Vernier mícrometer having an accuracy of 0.01 mm

(Figure 6.29):

i) the length (L) of the metacarPal

¡¡) the externaldiameter (D) at the mid-point of the shaft of the metacarpal

i¡¡) the internal diameter (d) at the mid-point of the shaft of the metacarpal

Figurc 6¿9 P¡r¡mr¡terr u¡cd for bonc qu¡ntity c¡lcul¡tion (ExtonSmith method)

L - length of metacarPal
D n the exlemal dtameter at the mid.point of the sheft of the metacanal
d - the ínlamal diameter at the midfoint of the shaft of the metæarpal

The cros-sectional area of the cortex was calculated by D2 - d2. Exton'Smith et al. (1969)

used the product of the length (L) and úre external shaft diameter (D) as a measure of bone

size. Division of the cross-sectional area of the cortex (D2 -d2) by (D x L) alfowscorrection

for variations between individual skeletal size.

Construction of percentile-ranking cun es for the ratio of cortical arealtotal surface area of

bone enables an individual's skeletal status to be assessed in relation to oüters of the same

gender and age. Figure 6.30 shows the percentile curves for the ratio of (D2 - d2)/DL for

wornen up to 85 years.

L

o
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Figure 6.30 Perccntile cuñr6r for r{rc ratio lO2 - ¿2llOtfor women up to 8E yearr.

(ExtonSmith et al., 19691

The values of (D2 - d2 )/DL were calculated and compared with the percentile chart. There

is no definite level below which demineral¡sat¡on results in osteopenia. Based on the findings

of a series of bone biopsies at the Royal Adelaide Hospital (Robertson, 1979), values which

were less than the 1Qth percentile indicated definite osteopenia. The transition from normal

mineratisation to osteopenia occurred between the 1Oth and 25th percentiles. Values at the

lower end of this segment were osteopenic: however, values at the upper end included 507o of

cases with normal mineralisation. For the purpose of th¡s study values which were less than the

13th percentile were taken as indicative of osteopenia.

6.4 Examiner Error Procedure¡

6.41 Mea¡urement of range of accessory movements of the T{tlll ioint

lnter+xaminef elror

The inter.exam¡ner error procedures for the ordinal'scaled accessory movement

tests of the T-M1 joint were carried out on seven subiects (14 thumbs). There being

seven tests of range per T.Ml joint, a total of 98 decisions were therefore required. Herethe

autfior compared her reliability against another experienced manipulative therapist. Assess'

ments by one examiner were made wiürout a knowledge of the results obtained by the other.

lntra+xaminer error was assessed by measurement of four subiects (eight thumbo) on three

consecutive days. Seven accessory movement tests of range were carried out per T'M1 joint'

that is a total of 169 tests were done over the three days, 56 each day. Assessments were made

without knowledge of those made on the preceding days.

d
!

I

dlI o.o+

o.o2

90
75
50
25

10

Percentlles



110

6.42 Peripheral ioint mobility measurements

lnter+xaminer errof

lnter-examiner error was calculated by comparing the results obtained from eight

subjects (that is, 16 joints of the same type). The authorcompared her reliability

aga¡nst another experienced manipulative therapist. Both had had considerable experience ín

measurement of peripheral joints. Care was taken to erase all markings between measurements,

and measurements by one examiner were made without a knowledge of these results on the

part of the other examiner.

The average of three readings was taken in calculation of inter'examiner error.

lntra-examiner eror: The variation in the three readings taken on each joint in eight subiects

formed the basis of the calculation of the intra'examiner error.

6.5 Results of Examiner Error Studies

Range of accessory movements of the T'lì/11 ¡o¡nt

lnter+xaminer error: ln the assessment of inter-examiner error in the measurement of the

accessory range of movements of the T-Ml joint there was 90% agreement between the ex-

aminers. This is high agreement; however the author was particularly concerned to look at the

nature of the disagreements. Did these disagreements follow a patternT Did one examiner con'

sistently find either greater or lesser mobility than did the other examiner? For this reason

the McNemar test was employed. This test considers the type of disagreement and the signi-

ficance of comparing these disagreements. The result of the application of the tu/o'ta¡led bí-

nomial test was not significant. That is, there was no significant pattern to the disagreements

between the examiners.

lntra+xaminer error: On three consecutive days a total of 169 tests were carried out on a total

of eight T-Ml joints. Eight disagreements were recorded overall. This represents a 4.8% error

rate, Once again the author was concerned to ínvestigate whether these disagreements tended

towards a pattern. The two-tailed binomial test was not significant. That is, there was no

significant pattern to the disagreements found on consecutive days.

Peripheral ioint mobility tests

lnter+xaminer error: The inter-examiner error was calculated from readings taken on eight

subjects by two observers, that is, 16 joints of the same kind were measured. As can be seen

from Table 6.1 there was high inter'examiner agreement.

Measurement significanceI

Metacarpo-phalangeal extension
of the l¡ttle f¡nger

Elbow extension

Knee extension

Ankle dorsiflexion

0.89

0.9

0.95

0.96

p (.01
p ( .001

p (.001
p ( .001

Table 6.1 tntor.oxam¡nor error: correlation coefficient¡ and significance level¡ of reading

taken ¡ndepsndently by t$to obo¿rverc on eight subþots (16 ioinÈl.
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lntra+xaminef error: Table 6.2 gives the values of the coefficients of variation (%) for three

readings carried out on eight subjects (16 ioints). The V% was greatest al 60/o for elbow and

knee extension and 2o/o or less for measures at the other two joints.

Measurement V% (coefficient of variation %)

Metacarpo-phalangeal extension
of the little finger

Elbow extension

Knee extens¡on

Ankle dorsiflexion

2o/o

60/0

6o/o

1Yo

Table 6.2 lntraexaminer error: coefficienÉ of var¡at¡on¡ for three readinç on eight subiectr
(16 ioin6l.

6.6 Results and Discussion

The results of the clinical study were analysed using the Statistical Package for the

Social Sciences (SPSS) on a Cyber computer, model number 173. Apart from the

measurements of the three physiologícal movements, measurements of the other variables were

classified into categories. Due to small numbers in some categories, it was necessary to collapse

the categories to permit statistical analysis. The following categories were comb¡ned:

Range of accessory movements -
(0) hypermobile, (1)normal, (2)slightly st¡ff, (3)verystiff, (4) nomovement

(2), (3) and (4) were combined = stiff

Quality of movement -
(0) normal, (1) early resistance and (2) crepitus

(1) and (2) were combined = abnormal

Radiological findings -
(0) normal, (1) mild 0-A, (2) moderate 0-A, (3) marked 0-A

(2) and (3) were combined = moderate/marked 0'A

Dorso-lateral instab¡l¡ty (DLl) -
(01 stable, (1) mild DLl, (2) moderate DLl, (3) marked DLI

(2) and (3) were combined = moderate DLI

To allow for cumulative error in analyses involving several movements of the T'Ml ioint,a

conservative per test error rate of p ( .005 has been adopted for the clinical study.

The results and discussion will be presented in the seven sect¡ons under the headings as out'

lined in t}te aims:

6.61 Relationship of demographic variables to the mobility and incidence of osteo'arthrosis

of the T-M 1 ioint
6.62 Results and discussion of findings in the non'clinical group

6.63 Results and discussion of findings in the generalised peripheral joint hypermobility

group
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6.64

6.65

6.66

6.67

Results and discussion of findings in the osteo'arthrotic group

Results and discussion of findings in the occupational groups

The relationship of adjacent joint mobility to the range of passive movements of the

T-M1 joint

The relationship between osteo-arthrosis of the T-M1 joint and menstrual status and

between osteopenia and menstrual status.

6.61 Relationship of demographic variables to the mobility and incidence of osteo'

arthrosis of the T{\,11 ioint
Except where otherwise stated, the relationship of the variables to the mobility of

the T-M1 joint was assessed for the whole popul¿1ie¡ (N=492). For the relation'

ship to osteo-arthrosis of the T-M1 joint, the non-clinical group was excluded as criteria for

inclusion in this group was radiological normality.

This section includes the follow¡ng variables:

1. gender

2. age

3. a past history of pain and / or swelling of the thumb base

4. use of the thumb

5. obesity

6. pain experienced during examination

7. peri-articularthickening

The results, followed by discussion, are given separately for each of the seven variables.

1 Relationship of gender to the mob¡lity and incidence of osteo'arthrosis of the

T-Ml joint

The population contained 228 male ioints and 264 female joints'

Relationship to the physiological movements

il Range

Males were found to be more mobile than females for extension and palmar-

abduction while females had a greater range of opposition (Table 6.3)' The

difference between the means for male and female ioints was significant for each

movement (p ( .0001).

a)

Extension Palmar-
abdustion

Gender
Mean S.D Mean S.D. Mean S.D.

Male
Female

450
41()

7.3
8.2

6.7
7.O

5.06
p ( .0001

6o4go
460 3o

8.4
9.8

't'value
significance

6.26
p ( .0001

10.95
p (.0001

RelationCrip betyneen gonder and tñe range of physiological movsm€nts

of the T.ll,l1 ioint {whole sample, N4921.
Table 6.3
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The same differences, between male and female joints, were obtained when the relationship

of gender was analysed separately for each age group (Appendix Xll).

¡¡) Ouality of movement

Gender showed no significant relationship with the quality of the physiological

movements.

b) Relationship to the acce¡sory movements

There was no significant relationship between the range or quality of the accessory

movements and çnder, medial rotation being the exception. Women were signifi-

cantly more mobile (f,2 = 12.89, p ( .005) and had fewer abnormal scores for the quality of

medial rotatíon (X2 = 7.10, P ( .01).

c) Relationship to the incidence of osteo'arthros¡s of the T'M1 ¡o¡nt

There was a higher incidence of osteo-arthrosis in male joints (63%) compared with

female joints (53%). Males had a higher percentage of mild osteo'arthrosis but there

was little difference between the two in the moderate/marked category (Table 6.41' The dif'

ference in íncidence of osteo-arthrosis between male and female joints was signifícant (X2 =

16.73, p ( .0005).

Radiological Findingi¡ Male Female

Normal
M¡Id O.A

Moderate/Marked 0-A

1o1¿¡ (trt= 3lg)

42
77
31

(28%l
(51%)

l21V;',1

79 l47yol
52 (31%)

37 (22Y'l

168150

TaHe 6.4 Relation¡hip b€tureen çnder and cteearthrqi¡ of the T{ìll1 ioint
(whole sample minu¡ non+linical group, N-3181.

Discussion

The results of this study showed males to have significantly greater mobility in extension

and palmar-abduction (p(.0001), whilst females had a significantly greater range of opposi-

tion (p < .OOO1) and medial rotat¡on (p ( .005) which is a component of opposition. lt may

be that opposition is more limited in males because the larçr thenar muscle bulk effects earlier

soft tissue apposition than in females. There are no reports ¡n the l¡terature with which to

compare these results; however ¡t is interesting to note that from a study of 2(A indivíduals,

Harris and Joseph (1949) found the inter-phalangeal ioint was more mobile in women.

The finding of a significantly higher incidence of osteo-arthrosis in male T'M1 ioints is

contrary to the many reports in the literature (Gervis, 1949; Aune, 1955; Leach and Bolton,

I 968; Sims and Bentley, 1970; Kessler and Axer, 1971 ; Kessler, 1973 and Kessler et al', 1976).

These were reports of small series of patients with severe osteo.arthrosis with the exception of

Kessler et al. (19761 who reviewed 148 hands. All were based on case historíes of patients with

disablement and pain of such a degree that surgery was considered. The present study contains

the largest series of osteo-arthrotic T-M1 ioints (198) and is the first study known to the author

to investigate osteo-arthrosis in non-symptomatíc, as well as symptomatic, ioints. The relation-

ship between gender and osteo-arthrosis of the T-M1 joint is discussed further in 6.67'
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2 Relationship of age to the mobility and incidence of osteo-arthrosis of the T{Vl1 ¡oint.

The population of 492 T-M1 joints was divided into four age categories. The number

of joints in each category is set out in Table 6.5.

Age Group (years) Total

20-29

'124

30-39

116

40-49 50-59

94 158 492

a)

Table 6.5 Ctassification of T{vtl ioints æording to age (whole rample, N=4921.

Relationship to the phys¡ological movements

i) Range

There was no significant relationship between age and the range of palmar-

abduction (Table 6.6). The range of opposition became significantly reduced with

advancing age (F= 6.50, p < .0005) with a marked decrease in mean range in the

fourth decade. While the mean range of êxtension was highest in the 30 - 39 years

group, it became significantly lower with increasing age (F = 5.73, p < .001).

Age Group (years)

Movement 20 -29

r s.D.

39 40 -49

S.D. T S.D.

50-59
r s.D.

F value

significance

30

r
Extensíon

Palmar-abduction

Oppos¡t¡on

Total (N=4921

440 7.9

48o 7.1

20 11.s

124

450 7.4

480 6.5

- 40 10.3

116

7.1 4f 9.0

6.4 460 7.7

9.6 - 10 8.8

94 158

5.73, p < .001

Not significant

6.50, p < .0005

430

470

_10

Table 6.6 Relationstrip båtwe€n aç and the ranç of tfie physiolog¡Gal movomont3 of tho T{11 io¡nt
(whole ¡ample, N=4921.

¡i) Ouality of movement

For the three movements the incidence of abnormal scores ¡ncreased with ad'

vancing age. Chi Square tests showed this to be significant (p ( .00001). The

percentage of abnormal scores increased more rapidly after 40 years of age for ex'

tension and palmar-abduction but not until after 50 years for opposition (Appendix

xllt).

b) Relationship to the accessory moYements

il Range

Age was significantly related to the range of all accessory movements (p (

.oooo1, postero-anterior glidíng p ( .0001). That is, with advancing age the

incidence lo/ol of hypermobile scores decreased and the incidence lYol of stiff scores in-

creased. For lateral rotation there was little further decrease (%) in hypermobile scores

after the fifth decade. ln all cases the incidence (%) of stiff scores ¡ncreased markedly after

the fifth decade, the percentage increase being least for postero-anterior gliding (Appendix

xrv).
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Distraction

IA-P gliding

33
P-A gliding

9
Medial gliding

5
Lateral gliding

4
Medial rotation

Lateral rotation

115

Movement

20 - 29 years

Movement

3O - 39 years

010
lncidence (oz6l

20 30 40 50 Movement

40 - 49 years

Movement

50 - 59 years

0 10 20

0

lncidence (%)

30 40

lncidence (%)

50 60 70 80

lncidence (%l
10 20 30 40 50

= range (stiff scores)

N = cualitv (abnormal scores)

70 9001

lncidence (%l of stiff scores and abnormal quality scores of the accessory movements
of the T-Ml joint by age (whole sample, N=492t

20
D¡stract¡on

33A-P gl¡d¡ng

47
P-A gliding

23
Medial gliding

16
Lateral gliding

25
Medial rotation

2A
Lateral rotation

3

Distraction

18

A-P gliding

40
P-A gliding

10
Medial gliding

10
Lateral gliding

I
Medial rotation

28
Lateral rotation

42
Distraclion

53
A-P gliding

54
P-A sliding

4A
Medial gliding

39
Lateral gliding

37
Medial rotation

39
Lateral rotation

Figure 6.31
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¡¡l Quality of movement

There was a significant relationship between advancing age and abnormal quality

scores for all movements (p (.00001). The Chi Square value was highest for

distraction (X2 = 134.68) and lowest for postero'anterior gliding (X2 = 69.21),

(Appendix Xlll).
Figure 6.31 illustrates the relationship of age to the incidence of stiff scores and

abnormal quality scores for the seven accessory movements.

c) Relationship to the incidence of osteo-arthros¡s of the T{Vl1 ioint
Both the incidence (%) and severity of osteo-arthrosis of the T'Ml joint increased

with advancing age. The more advanced osteo-arthrotic changes were more evident

after 40 years of age (Table 6.7). The relationship between age and osteo'arthrosis of the

T-M1 joint was found to be significant (X2 = 149.78, p ( .00001).

Age

(years)

Radiological Findings Total

Normal M¡ld 0-A Mod/'lVlarked 0.A

20 -29

30-39
40-49
50-59

Total

65

34

17

5

121

(86%)

l48%"l

(32%ol

| 4%ol

11

32

24

62

129

114o/ol

145%l

(45Y'l

(53%)

I O%l

( 7%l

l23V.l

l43%"l

76

7',|

53

118

318

0

5

12

51

68

TaHe 6.7 Relationstrip between age and the incidence of æteo-artfiræi¡ (0-Al of füe T{ì/ll ioint
(whole sample minu¡ non+linical group, N=3181.

Discussion

The criteria for selection into the various groups for this study influenced the age pattern

of the group as a whole, for example, the hypermobíle and manipulative therapist groups were

predominantly young whilst the osteo-arthrotic and tailors and dressmakers were drawn from

an older population.

There are no known reports in the literature related specifically to the effect of ageing

and the mobility of the T-M1 joint. Wynne-Davies (1971)and Beighton etal. (1973)repofted

that generally range of mobility fell rapidly as childhood progressed but more slowly through

adult life. The findings of this study (restricted to adults between the age of 20 ' 59 years)

support the findings of these authors.

Ageing had a more marked influence on the range and quality of the accessory movements

than on the physiological movements. lt was interesting to note that the two accessory move'

ments (antero-posterior and postero-anterior gliding) that occur along the antero-posterior axis

of the T-M1 joint showed an increase in the percentage of stiff scores in the 30'39 year age

group whereas the other accessory movements were not markedly affected by age until the

next decade.
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As expected, the incidence of osteo-arthrosis rose significantly with increasing age (p (

.OOOO1). ln this study, by the fourth decade 52% of T-M1 joints were osteo'arthrotic and this

increased to 6g% and g6% in the fifth and sixth decades respectively. lt was in these two

decades (that is, fifÚr and s¡xth) that the osteo'arthrotic changes became more marked' lt is

this group, of more advanced changes, which would best correspond with the reports in the

literatr.¡re which are based on the more severe cases of osteo'ard'trosis presenting for surgery'

Gervis (lg4g), Aune (1955), Burton (1973) and Kessler (1973) describe osteo'arthrosisof the

T-Ml joint as being most common in the fifth and sixth decades whilst weinman and Lips'

comb (1967) found ¡t to be more prevalent ¡n pat¡ents aged 50 to 80 years.

From the results of this study ¡t would appear that ageing significantly affects both the

articular cart¡lage (there being a significant rise in the incidence of osteo-arthrosis, p < .00001)

and the soft tissue components of the ioint (significant reduction in the range of distraction

(p ( .00001) being indicative of capsular and ligamentous stiffnessl. The latter was an ex'

pected finding as a number of workers lYerzîr,1963; Ridge and Wright, 1966; Steeretal"

1g71; sussman, 1g73) have established the fact frat collagen stiffens witù increasing age. A

significant increase in the incidence of osteo-arthrosis wiÚr advancing age supports the results

of sta¡n¡ng of the articular cartilage presented in Chapter lV'

3. Relationship of a past history of pain and/or swelling of the thumb base to the

mobilityandincidenceofoleo.arttrrosi¡oftheT.ll/llioint
The non+linical group was excluded from this analysis as by definition they had no

history of pain and/or swelling of the thumb base. Of tlre remaining 318 T-Ml ioints,

65 (20%) had a past h¡story of pain at the thumb base. Fifty-nine (91%) of these reported

the pa¡n to be associated with use.

al Relationship to the physiological mouemontt

il Range

While the mean ranges of extension and opposition were lower in ioints with a

past h¡story of pain the difference was not s¡gn¡ficant, although extension

showed a trend (P ( .01) - Table 6.8.

Movement Hifory No History 't'valu€ significance

Mean Mean

Extension 41o

Palmar-abduction 47o

Opposition '30

Total (N-3181 65

430

470

.1()

253

2.45

.60

1.71

p (.01
not significant

not significant

Tablo 6.8 R¡l¡tionJrip botw.on a pa¡t hir¡tory of pain at dr' úumb bar and drc mca¡r¡ of the

phy¡iological moy.manr¡ of drc T-lill ioint (wtiolc samplc minur non+linlcol group,

N-3181

i¡) Ouality of movement

There was a significantly higher incidence (%) of abnormal scores for all three

physiological movements (Table 6.9).
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Movement History

Mean

No History X2 value significance

Extension

Palmar-abduction

Oppos¡t¡on

1o1¿¡ (N=319)

23 (357o)

25 (39%)

30 l46Y,l

65

30

48

57

253

112V"l

119V"l

(23Y"1

20.61

1 1.1 1

14.52

p ( .00001

p ( .001

p ( .0001

Table 6.9 Relationship betwoen I pâ3t h¡3tory of pain at the ülumb base and the incidencs of

abnormal quality scorec for the physiological movemenÈ (whols sample minus non'

clinical group, N=3181.

b) Relationship to the accessory movem€nts

i) Range

A history of pain was associated with a higher incidence (o/ol of stiff scores for

all seven accessory movements. This was significant for distraction (p ( .0005),

and showed a trend for medial and lateral rotation (p ( '05) (Appendix XV)'

¡¡) Ouality

There was a higher incidence lo/ol of abnormal scores for all the accessory move-

ments in ioints with a past history of pain (Appendix XVI). This was significant

for distraction (p ( .005) and showed a trend for medial and lateral rotation (p ( .01)

and antero-posterior and lateral gliding (p ( .051'

Relationship to the incidence of osteo'artlrros¡s of the T-Ml ioint

From Table 6.10 a significantly higher incidence of osteo'arthrosis in those T-M1

joints having a past history of pain can be seen (x2 = 14.19, p (.001)' The inci'

dence (%) is clearly higher in the moderate/marked osteo-arthrosis category,

c)

Radiological

Findings

History No History X2 value

significance

Normal 19

M¡td 0-A 21

Moderate/marked 0-A 25

l32y.l
(3e%)

102 140%l

108 l43V.l

43 l'17%l

14.19

p ( .001

Total (N=3181 65 253

Tablo 6.1O Relationcrip betnreen a p8t h¡íory of pain at the ürumb ba¡e and ü¡e incidence of

oteoortftroci¡ lO-Al of the T{vtl joint (whole sampla minus non+linicat grouP, N-3181

Di¡cussion

Despite excluding from this study all cases of known trauma to the thumb base, there were

65 (2}o/ol T-M1 joints with a past history of pain in the region of the T'M1 joint.

Although there was a significantly higher incidence (%) of moderate/marked osteo'arthrosis

in joints w¡th a past history of pain (p (.001), the pattern of restriction of movements sup-

ports a greater involvement of the soft tissue elements of the T-M 1 joint.

Capsular and ligamentous tightness (stiffness in distraction) results in apposition of the joint

surfaces with consequent loss of range in medial and lateral rotation. These three accessory
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movements were st¡ffer and had a greater incidence of abnormal quality scores in joints with

a past history of pain.

4. Relationship of use of the thumb to üte mobility and incidence of o¡teo'arthrosis of the

T{Vl1 joint

Classificatíon of the whole sample according to years of use of the thumb is æt out in

Table 6.11.

Years of Use

0-5 6-10 11-15 16 - 20 More than

20

33 I TYol 167 l34o/ol121 l21%ol 85 (17o/ol 86 l17%ol

Table 6.11 Clasification of T.Ml ioint¡ according to yoa|t of urc of thc fiumb
(wholc ranrPlc, N'4921.
Note: theæ vrore fer¡ær thumbc in the 16'20 yean of use category'

a) Relationship to the physiological mov€ment!

i) Range

overall the mean ranges of the three movements decreased with cumulative use of

the thumb (Appendix xvll). The interaction between years of use and therange

of movement was not significant although there was a trend for extension (F=2.75,

p (.05).
ii) Ouality of movement

Results of the relationship between use and the quality of the phys¡ological move'

ments appear in Appendix XVll, where it can be seen that tfre incidence (%) of ab

normal scores increased markedly after 20 yean of use. Chi Square tests showed a

significant relationship between thumb use and the qual¡ty of each movement

(p(.001).

b) Relationùip to the acce¡sory movementi

Range and quality of movement

ResulG of the relationship of use of the trumb to the range and quality of the ac'

cesltory movements are listed in Appendices XVllland XIX'

With the exception of postero.anterior gliding, a significant relationship was found between

the range of each accessory movement and years of use (p ( .005). After 20 years of use the

incidence (7o) of stiff scores rose markedly for all movements. Similarly the inc¡dence (7o) of

abnormal scores for the quality of all the movements increased after 20 yean of use. Ch¡

Square tests showed these findings to be significant (p ( .005).

c) Relation¡hip to the ¡nc¡dence of T{vl1 ioint osteo'arthrosis

After 15 years of use of the thumb the íncidence (%) of osteo'arthrosis of üre T'Ml

joint increased considerably (Table 6.12). The relationship between use and the

incidence lo/ol of osteo'arthrosis was significant X2 = 60'82, p ( '00001)'
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Use of the Thumb (years) TotalRadiological

Findings

0-5 6-10 11-15 16-20 Over20

Normal

Osteo-
arthrot¡c

31

25 (45V"1 19

49

30 34818

(39%l 25 l42o/ol 15 (65%) 113

59 23 131

121

(867") 197

318Total 56

Table 6.12 Relationship botweon uso of the thumb and osteo.arthro¡is of the T{llll ioint
(whole sample minus non+linical g¡oup, N'3181

Discussion

While the mean ranges of the three physiological movements decreased with cumulative use

(more clearly seen after 15 yearsl there was a definite trend for extension only (p( '05). As

most functional activities of the thumb involve the gripping of obiects, that is, with theT'M1

joint flexed and opposed to the other digits, it ¡s not surprising that extension should show a

reduction in range.

After lS years of use the incidence (%) of radiological findings of osteo'arthrosis increased

markedly. lt is interesting to note that the only accessory movements which did not show a

concomitant pattern of percentage increase in abnormal quality and stiffness scores were dis-

traction, antero-posterior and postero'anterior gliding. With these movements the pattern

clearly emerges only after more than 20 years of use. Distraction is a function of the whole

capsule and surrounding soft tissues and therefore not influenced by tlre changes in the articu'

lar cartilage. Postero-anterior glíding exhibited the highest incidence lo/ol oÍ stiff scores and

abnormal quality findings in all categoríes of use and, as might be expected, was the move-

ment to be least influenced by increasing use.

The pattern of limitation of movement associated with use of the thumb is very similar to

that found in joints with moderate/marked osteo-arthrosis (that is, no significant change in

the range of palmar-abduction, opposition and postero'anterior gliding). Years of use, age and

osteo-arthrosis of the T-M1 ioint are inter-dependent variables and because of the nature of

the population sampled analyses of the separate relationship of these variables to the mobility

of the T-M1 ioint is not possible.

The findings of th¡s study support the clinically based reports of Lassère et al., 1949; Müller,

1949;Weinman and Lipsombe, 1967; Leach and Bolton, 1968; Eiken and Carstam, 1970 and

Burton, 1g73, that osteo-arthrosis is related to use of the thumb. No reports in the literature

relate use of the thumb to the mobility of the T'Ml joint.

5. Relationship of obesity to the range of opposition

The author wished to investigate the possible restriction of range of opposition due to

early soft tissue apposition in obese individuals. However, in this population oÍ 246

only six l2%l were obese and this represented too small a number for a reliable assessmentof

its relationship to the range of opposition.
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6.

a)

Relationship of pain experienced during examination to

a) the mobility of the T-Ml ¡o¡nt

b) the radiological findings of osteo'arthrosis of the T'Ml ioint

T-Ml ioint mobilitY

i) Relationship of the range of physiological movements

The incidence of pain experienced during examination of the physiological

movements was low, (Table 6,13), and in no instance did its intensity limitthe

examination.

Movement lncidence of Pain

Extension

Palmar-abduction

Oppos¡tion

10 (2Y'l

7 l1o/ol

20 l4'/rl

Table 6.13 lncidenco of pain experienced during examination of ttre physiological movements

of the TJ\lll ioint lwhole sampte, N=492)

The mean range of extension and palmar-abduction was smaller in the painful ioints (Table

6.14). Student's 't'test confirmed a significant difference between the means of the painful

and non-painful joints for extension (p ( .005) and palmar-abduction (p ( .001).

Movement Pain No Pain 't' value significance

Extension

Palmar-abduction

Opposition

Total (N--492)

350

390
aO..\)

10

430

470

-.go

482

3.08

3.20

.23

p (.005
p (.001

not significant

Table 6.14 Relation¡hip betrveen the incidsnce of pain and tfie mean ranç of physiological

moYemonts of the T{ì/11 ioint (whole sample, N4921

ii) Relationship to the range of the acccssory movem€nts

Pain was an infrequent finding during examination of the accessory movements

(Table 6.15), and in no joint did ¡t l¡mit the examination'

The relationship of t}¡e range of the accessory movements to pain experienced during their

examination shows that, on the whole, pain was associated with stiff scores (Appendix XX).

The incidence of pain was too low to permit statistical analysis.
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Movement tncidence of Pain

Distraction
A-P gliding

P-A glidins

Medialgliding
Lateral gliding

Medial rotation
Lateral rotat¡on

3

14

14

7

13

10

16

11%l
(3%)

(3%)

11%l

l3Y,l
l2Y"l

ßfol

Tablc 6.15 lncidonce of paln experienced during exanrination of ttrr æcesrory movement¡ of dre

T{tlll ioint lwhol¡ ¡¿rnPlo, N-492)

b) Radiological findings of osteo'arttrrosis of th€ T{Vl1 io¡nt

There was a higher incidence l%l of pain associated w¡th the examination of all

movements in osteo-arthrot¡c T.M1 ioints than in joínts which were radiologically

normal (Table 6.16). The incidence of pain was too small to perm¡t statístical analysis.

Radiological Findings

Movement

Normal Osteo-arül¡otic

Extension 0

Palmar-abduction 1

Opposition 2

Distraction
A-P sliding
P-A glidins

Medial gliding

Lateral gliding

Medial rotation
Lateral rotation

Total

l1%l
(1%)

(1%)

(1%l

(1%ol

(1%)

(17o)

10

6

18

(57o)

(3%)

(e%)

0

2

1

0

4
2

2

3

12

13

7

I
I

14

198

Qfol
(6%)

(7Yol

l4%l
(57.)

þfol
t7%l

2gt

1¡Ho 6.16 Incidcnc¡ of p¡in (expcricæcd durlng exanrin¡don of drc physiologktal and accaory
movcrnent¡l in rrdlologl¡ally normol .nd ctlo{rdrrotic T{!11 loint¡ (whole snplc,
N-4921

Discussion

Pain was infrequently experienced during t}re examination of the physiological and acces'

sory movements,being present in less than 4% of joints for each of the movement tests.

Pain was associated with stiffness in extension, palmar-abduction and each of the seven

accessory movements. With such a smalt number of painful ioints it was not feasible to investi'

gate whetfter stiffness in these joints was associated with aç, use of the thumb or more ad'

vanced stages of osteo-arthrosis.

The findings of this study conf¡rm those of Aune (1955), Leach and Bolton (1968) and

Burton (1973) that radiological findings do not necessarily indicate symptoms in the joint.
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7. Relationship of peri.articular thickening to the mobility and incidence of osteo'

arthrosis of the T-Ml ¡o¡nt

Seventy-three (15%) of the 492 T-M1 joints were found to have peri'articular thicken-

ing.

a) MobilitY of the T'ft/|1 ¡o¡nt

i) Relationship to the physiological movements

The mean range of the three physiological movements was less in those joints

with peri-articular thickening (Table 6.17). Student's 't'tests showed the dif'

ference between the mean values, of joints with and without thickening, to be sign¡ficant for

extension and palmar'abduction (p ( .0001).

Movement Thick Not Thick 't'ualue significance

Extension

Palmar-abduction

Oppos¡t¡on

1o1¿¡ ¡N=492)

390

450
-20

73

430

4go

-10

419

4.00

3.77

.85

p ( .0001

p ( .0001

not significant

Table6.17 R€lat¡onrhip botwoon peri-articular thickeningy'bony enlarçment and tùe mean range of

the physiological mov€m€nt¡ of ttre T{/11 ioint (whole ¡ample, N=4921

There was a significantly higher incidence of abnormal scores for the quality of the three

physiological movements in joints with peri-articular thickening (p<.00001) (Appendix XXI).

¡¡) Relationship to the accessory movements

Results of tlre relationship of peri-articular thickening to the range and quality

of the accessory movements are listed in Appendices XXI and XXll. For all

movements, T-M1 joints with peri-articular thickening had a hígher incidence (%) of stiff

scores and abnormal quality scores. Chi Square tests conf¡rmed these to be sign¡f¡cant {p (

.OOOO1), The range of distraction had the highest Chi Square value indicating a closer relation'

ship with peri-articular thickening than the other accessory movements. Figure 6.32 illustrates

the relationship of peri-articular thickening with the incidence (%) of stiff scores and abnormal

quality scores.

b) Relationship to the incidence of osteo.arthrosis of the T{ì/11 ioint

Excluding the non-clinical group, 62 ioints with peri-articular thickening remained,

and of these all but one was associated with osteo-arthrosis (Table 6.18).

Radiological
Findings

Thick Not Thick Total X2 value
significance

Normal

Osteo-arthrosis

1 ( 2Y"l

61 (e8%)

(46%cl

(ilY"|
43.38

p ( .00001
119

137

120

198

Total 62 256 318

Table 6.18 RelationCrip betr¡veon peri-articular thickening/bony onlargpment and oeteo-arthrocis of the

T.Ití1 ioint (whole sample minu¡ non+linical group, N=3181
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Discussion

Based on clinical experience rather than formal studies Müller (1949) and Aune (1955)

described synovial and capsular thickening and osteophytic lipping in osteo-arthrotic joints.

Leach and Bolton (1968), Swanson l1g72l, Burton (19731 and Eaton and Littler (19731

spoke of swelling around these joints. None of these authors documented the incidence of

swelling or th¡cken¡ng.

ln this study of 492 T-M1 joints, peri-articular thickening was palpable in 157o. There was

a significant relationship between peri-articular thickening and osteo'arthrosis of the T-Ml

joint (R <.OOOO1). No attempt was made to isolate the type of thickening, that is, thicken-

ing of the soft t¡ssues of osteophytosis. However, the pattern of limitation of movements

reflects soft tissue involvement in that distraction and lateral gliding had the highest Chi Square

values.

6.62 Results and discussion of findings in the non+linieal group

1. Classification of the group according to age and gender

2. Mobility of the T-M1 loint, including range and quality of the physiological and

accessory movements.

3. lncidence of dorso'lateral ¡nstabil¡ty.

4. Discussion.

1. Classification of the non.ctinical group according to age and gender

The T-M1 joints (N=1741 in the non-clinical group included at least 20 male and 20

female joints in each of the four age groups (Table 6,19). The ratio of male:female

joints was approximatelY 9:10.

Age Group (years)

Total50- 59

MF
20 20

49

F

20

40

M

20

30-39
MF
22 24

20- 29

MF
22 26 174

Table 6.19 classif¡cãt¡on of T'Ml jointr according to agp and çnder (non+linical group' N=1741

2. T-Ml ioint mobilitY

a) Physiological movements

i) Range

The mean range of extension, palmar-abduction and opposition is shown in

Table 6.20. The mean range of palmar-abduction (47o) was slightly greater

than that for extension (¿3o). During opposition of the thumb towards the l¡ttle finger, the

long axis of M1 was almost parallel with the long axis of M2 (that is, it lacked one degree).

The large standard deviations reflect wide individual differences within the ranges of extension,

palmar-abduction and opposition.
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Movement Mean s.D

Extension

Palmar-abduction

Opposition

430

470

-10

8.2

7.1

10.0

Table 6.20 Range of physiological movem€nts of the T{vl1 ioint {non+linical group' N=î741

i) Ouality of movement

The data from Table 6.21 indícates that the incidence of abnormality was simi'

lar for all three movements. Crepitus was found in only two joints and in each

case it was associated with extension, whereas resistance early in the range was a much more

frequent finding.

Movement Normal
Ouality

AbnormalOuality

Early
Resistance Crepitus Total

Extension 148 (85%)

Palmar-abduction 146 (84%rl

opposition 143182y"1

24

28

31

2

0

0

26 l15%.l

28 (16%)

31 (18%)

Tabla 6.21 ouality of th€ phys¡ological movements of ûre T-tlll ioint (non+linical group, N=1741

b) Accessory movements

i) Range

Few ,very stiff' scores and no 'no movement' scores were found but there was

a higher incidence of stiff scores for postero-anterior (P'A) gliding and hyper'

mobile scores for lateral gliding (Table 6.22).

Movement Range of Movement

Hypermobile Normal Slishtly
stiff

very
stiff

No
Movement

Distraction

A-P glidins

P-A sliding
Medial gliding

Lateral gliding

Medial rotation

Lateral rotation

19 (117o)

32 (18Y'l

31 (18%)

2'l l12V.l

50 l29%.l

34 (20"/ol

26 l15%'l

117 {.67"/'l

e5 (55%)

67 (39%)

116167%l
g! (54o/ol

101 (5896)

e8 (56%)

37 l21%ol

44 {.25%ol

58 {33%}

33 (1e%)

29 116%'l

39 122%l

49 l28Y"l

1l1V.l 0

3( 2!"1 0
18 (10%) 0

4l 2V"l 0

1l1Y'l 0

00
1l1%ol 0

lable6.22 Range of acc€.sory mov€m€nt¡ of the T{¡11 ioint (non+linical group, N=1741
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Distraction

55
A-P gliding

39
P-A gliding

67
Medial gliding

Lateral gliding

Medial rotation

56
Lateral rotation

Movement

(al Normal scores

Movement 010

lncidence (%)

lncidence (%)

20 30 40 50 60 70

127

- normal range

= normal quality
of movement

= stiff scores

= abnormal qualitY
of movement

01

N

ñ

(bl Stiff and abnormal quality scores

Figure 6.itÍl Comparison of range and quality of moyement of the accessory movements of tùe

T-lVll ioint (non.clinical group, N=l741

22
Dlstraction

27
A-P gliding

43
P-A gliding

21

Medial gliding

17
Lateral gliding

22
Medial rotation

29
Lateral rotation
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iil Ouality of movement

Antero-posterior and postero-anterior gliding had the highest incidence of ab-

normality ¡n terms of both crepitus and resistance early in the range (Table

6.23).

Movement Normal
Ouality

AbnormalOuality

Early
Resist¡¡nce

Crepitus Total

D¡stract¡on

A-P sliding
P-A gliding

Medial gliding

Lateral gliding

Medial rotat¡on
Lateral rotation

1'17 (67"/rl

80 (46%)

61 (35%)

140 (81%)

132{.760/'l

127 (73yol

128 (74%l

57 l33%"l

94 .54Y"1

1 13 (657")

34 í9f'l
42124Y'l
47 l27Y"l

46126Y"1

50
74

87

33

41

47

44

7

20

26

1

1

0

2

Table 6.23 Ouality of füe acceacory mov€mentr of the T'Ítíl ioint (nonclinical group, N'1741

Retationship between the mobility and quality of the acce$ory moYements

Figure 6.33 suggests a close relationship between normal scores for both range and gualíty

of movement, and similarly between stiff scores and an abnormal quality of movement' For

each the incidence is expressed as a percentage.

Chi Square tests (Appendix XXlll) índicated that the relationship was statistically signifi'

cant for all seven accessory movements (p ( '00001).

3. lncidence of dorso'lateral ¡nstabil¡ty

Therewere3Scasesl22Yo|ordorso.lateralinstability;ofthese3Twereclassifiedas

mild and one as moderate (Table 6.241.

Stable lnstab¡¡¡ty Total

M¡Id Moderate

136 (88%) 37 121%1 1 l1V,l 174

Table 6.24 lncidence of dono-tateral in5tãb¡l¡ty (non+linical group, N=174)

4. Discussion

The criteria for selection into the non-clinical group were based on normality from a

medical point of view, that is, asymptomatic joints, no history of symptoms or of

direct trauma to the joint and radiological normality. Clearly then this could be no random

sample.

The most ¡mportant conclusion of this section of the study is that 'medically normal' joints

exhibit abnormalities in the quality as well as the range of movement. This is well recognised

by manipulative therapists and described by Maitland (1980) as'normal abnormalities" The

present study is the first to document the incidence of range and quality of movement abnor'

rnalities in 'medically normal' or non.clinical T-M1 ioints to form a baseline for comparison

with other groups. Further the author knows of no similar study relating to other non'clinical

joints.
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The accessory movements exhibited a higher incidence of abnormal quality of movement

than occurred with the physiological movements. This suggests that abnormality occurs firstly

in the accessory movements and at a later stage becomes evident in the physiological move'

ments. Clinically this gives strong support for the inclusion of tests of range and quality of

both physiological and accessory movements in the physical examination.

postero-anterior gliding had the highest incidence of stiff scores and together with antero'

posterior gliding ¡t had the highest incidence of abnormal quality of movement' These two

movements occur along the antero-poster¡or axis of the T'M1 joint and as described in Chapter

V, page 68, the articular surfaces along this axis were found to be less congruent than along

the medio-lateral axis. lt is tempting to hypothesise that a relationship may exist between the

abnormalities in this plane and the lack of congruence of this axis.

6.63 Results and discussion of findings in the generalised peripheral ioint hypermobility

gfouP

1. Classification of the group according to age and gender'

2. Mobility of the T-Ml joint, including the range and quality of the physiological and

accessory movement€, comparisons being made w¡th the non-clinical group.

3. lncidence of osteo-arthrosis and dorso-lateral instab¡lity of the T'M1 ¡o¡nt.

4. Discussion.

1. Classification of T{l/11 ioints accord¡ng to ags and gender

The T-M1 joints of 33 individuals with generalised peripheral jo¡nt hypermobility were

examined. ln this sample there were 14 male and 52 female ioints and 44 (670/ol were

in the 20-29 year age group (Table 6.25).

Age Group (years)

20-29 30-39 40-49 50 59 Total

66

F

4

M

2

F

4

M

2

F

I
M

2

F

36

M

8

Table 6.25 classificatlon of T{í1 joint¡ according to agp and çnder lhypermobile group' N46l

z Mobility of the T{,11 ¡o¡nt

Two separate comparisons were made: first, taking each group as a whole the differ-

ences were compared; second, in order to minimise the influence of gender and age

on T-M1 joint mobility (see 6.61) a restricted comparison between the two groups forfemale

joints in the 20-29 years age group was undertaken.

2.1 Comparison between the hypermobile (N=661 and non+linical (N=174) groups

a) PhYsiological movements

i) Range

Deta¡ls of the range for the three physiological movements are set out in

Table 6.26 where it can be seen that the hypermobile group was more mobile

than the non-clinical group for all three movements. The Student's 't'test revealed a significant

difference between the mean range of the two groups for palmar'abduction (p ( '005) and

opposition (p ( .0001) and a trend for extension {p ( .01)'
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Movement

Hypermobile Non+linical 't'value significance

s.D x s.D.x

Extension

Palmar-abduction

Opposition

460

5oo

6o

7.5

6.1

13.1

430

470

-10

8.2

7.1

10.0

2.60

2.88

4.28

p(.01
p ( .005

p ( .0001

Table 6.26 Ranç of physiological movemont¡ of the Tlìll1 joint - comparison between hypermobile

lN=661 and nonclinical lNil74, groupg

ii) Ouality of movement

Apart from three joints in which crepitus was felt during the examination of

palmar-abduction, there was a 'normal' quality to the physiological move'

ments. This differs considerably from the results of the non€linical group. Chi Square tests

showed the difference between the groups to be significant for extension and opposition

(p ( .005) and a trend for palmar'abduction (p ( .05) - Table 6.27.

'Notmal'
Endfeel

Abnormal
Endfeel X2 value

significance
Movement

Hyper NC Hyper N€

Extension 66

Palmar-abduction 63

Opposition 66

(100%)

( e6%)
(100%)

148 (8s%)

146 (84T.1

143 l82Y.l

0

3

0

(4%l
26 l15Y.l 9.57, P < .005

28 (16%) 4.69, p(.05
31 (187o) 11.97,P<.0005

Tabla6.27 Ouality of physiological moyements of the T{llll ioint - compariron botwe€n hypermobile

lN{61 and non+linical (Nrl74l groups

Note: Hyper = hypermob¡lo group N'C - non+linical group

b) Accessory movements

i) Range

For all the accessory movements, the hypermobile group was found to

have a hígher percentage of hypermobile scores and a lower percentage

of stiff scores than the non-clinícal group. Chí Square tests showed the difference between the

two groups to be significant (p ( .005). These results appear in Appendix XXIV; however a

histogram (Figure 6.34) of the hypermobile and stiff scores illustrates the difference between

the two groups. For the stiff scores tåe relative mobility of each accessory movement rema¡ns

almost the same for both groups.

i¡) Ouality of movement

When compared with the nonclinical group, the hypermobile group

had a lower percentage of abnormal scores for the quality of move'

rnent for all the accessory movements (Appendix XXV). The difference between the two

groups was not significant but there was a trend (p ( .05) for each movement (Figure 6.35

illustrates the difference betvveen the two groups).
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lncidence {%)
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lncidence (%)
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Non<linical group

(a) Hypermobile scores (expressed as a percentage)

Hypermobile group

Movement 40 50 0

lncidence (%)

10 20

Non+linical grouP

(bl St¡ff scores (expressed as a percentage)

Hypermobile group

Figure 6.34 (al and (bl Hypermobile and stiff scores for accessory movemsnt¡ of the T'lì/11 ioint -
a comparison b€trìre€n the hypermobile (N=661 and non'clinical {N=1741 groups

0

56

55

40

36

65

65

41

22Distraction

2tA-P gliding

44P-A gliding

21Medial gliding

17Lateral gliding

22Medíal rotation

29Lateral rotation



Figure 6.35 shows the difference between the two groups for the number of abnormal

scores (expressed as a percentage). Aga¡n one notes that the 'pattern of abnormal scores'for

each movement is s¡milar for the two groups.

lncidence (%)

30 40 50 60 700

132

lncidence (%l

10 20 30

Hypemobile group

40
Movement

Non+linical grouP

'to

Flgur.6.35 lnc¡dcnce (%l of abnorm¿l qu¡lity ¡coru¡ for thc accsory mouemcnls of the T{Vll ioint -
s coírptrbon b.tw.dr drc hyp¡r+nobilo lN{61 ¡nd non+llnir¡l (N'1741 gtouf¡t

2.2 comparison betuueen the hypefmobile and non{l¡n¡cal group3 for female ioints
aged 20 '29 Years.

a) PhYsiological movementl

i) Range

As set out in Table 6.28, the mean range of palmar-abduction was signifi'

cantly higher in the hypermobile group and there was a trend for extension

(p ( .01) and opposition (P < .05).

33Distraction

*A-P gllding

65P-A sliding

20Medial gliding

24Lateral gliding

27Mêd¡ãl rotat¡on

26Lateral rotal¡on



133

Movement

Hypermobile Non-clinical

Mean Mean

't'value significance

Extension

Palmar-abduction

Opposition

Total

440

4go

loo

36

3go

430

40

26

2.68

3.80

2.08

p(.01
p (.0001

p(.05

Table 6.28 Range of phy¡iological moyem€nË of tho Tll/11 ioint in femalæ aged 20'29 yoaß -
comparison b€tuve€n hypermobile (N=361 and non+linical (N=26) grouPs

ii) Ouality of mouement

There was no significant difference between the hypermobile and non-clinical

groups for the quality of the physiological movements'

b) Accessory movements

i) Range

The results are given in Appendix XXVI, where it can be seen that the hyper'

mobile group had a higher íncidence (oÁl oÍ hypermobile scores for all move'

ments, and a lower incidence l%l oÍ stiff scores for all except postero-anterior and medial

gliding (where the two groups had a similar incidence). As there were very few stiff scores

they were combined with the normal scores to permit statistical analysis. The results of the

Chi Square tests (Appendix XXVI) showed a significant difference between the two groups for

distraction, medial rotat¡on and lateral gliding (p ( .005) and a trend for antero'posteríor glid-

ing and lateral rotation (p ( .05).

The difference between the hypermobile and non-clinical groups for the hypermobíle and

stiff scores is illustrated in Figure 6.36.

¡i) Ouality of movement

There was no significant difference between the hypermobile and non'

clínical groups for the quality of the accessory movements.

3. a) lncidence of osteo-arthrosis

Radiological examination showed that five (8%) of the T-M1 joints in the hypermobile

group had osteo-arthrotic changes (Table 6.29). Three of these were classed as mild

while the other two had moderate changes.

Radiological

Normal M¡Id O.A Moderate O-A Total

51 2 66

Table 6.29 lncidence of octoo-ardrrocb lO-Al of the T{ltll ioint (hypermobilo group, N=661.

A comparison of radiological findings with age (Table 6.30) shows that, with the exception

of one joint, osteo-arthrosis was not evident unt¡l the fifth decade.

3
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Age Radiological findings Total

Normal M¡ld O-A Moderate O.A

20 -29

30-39
40-49
50-59

43 ( 98%)

10 (100%)

4 ( 66%)

4 ( 66%)

1 ( 2o/ol

0

1 117%l

1 (17Y'l

3

0

0

1 l17%'l

1 l17%'l

2

44

0

6

b

1

66Total 61

Table 6.30 Relation¡hip b€turs€n age and octeo-arlfrrosis {O-A) of the T{vtl iolnt (hypermobile

group, N-661

b) lncidence of dorso'lateral instability

Thirty (45%) of the T-Ml joints had radiological evidence of dorso'lateral insta'

bility. Twenty-six were classed as mild while the remaining four had a moderate

degree of instability.

Table 6.31 compares these results with those of the non+linical group in which 22o/o oI

joints were unstable. The Chi Square test showed the difference between the two groups to

be significant (X? = 13.14, p ( .0005).

Figure 6.37 (Case number 9) is an example of moderate dorso.lateral instability of both

left and right T-M 1 ioinú.

Ò

Figure 6.37 Strerc radiograph shovving modorat€ doßo.lat€ral ¡nstab¡lity of both T{tJll ioints.
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Group Stable lnstability Total

M¡ld Moderate

Hypermobile

Nonclinical

36 (557.)

136 (787o)

26 (307o)

37 l21%.l

416%l

1 (1%)

66

174

Tablc 6.31 lncldencc of dorso-lateral ¡rEtab¡l¡ty - conrpariron botyyson th¡ hypermobile (N-661

and nonclinir¡al (N'1741 grouP¡

4. Discussion

To the author's knowledge no normal values for T-Ml ioint mobil¡ty have been de'

lineated.

Forty-four (677o) of rhe T-M1 joints in this sample of subiects with çneralised peripheral

joint hypermobility were ín the 20'29 years age group. This may reflect the finding of other

authors, that is, that ioints stiffen with advancing age (Wood, 1971; Wynne'Davies, 1971;

silverman et al., 1g75) making it difficult for individuals to meet the criteria for selection

into Úris group. Clearly there ¡s a need for age'related norms to be established' upon which it

may be necessary to modify the criteria for selection'

When compared wiür the non+linical group, the hypermobile group as a whole was found

to be significantly more mobile for opposition and palmar'abduction (p < '005)' Maitland

(1g7g) considered that joint hypermobility was assoc¡ated with excessive movement (hyær'

mobility) in the accessory movements. The findings of this study support this contention

in that there was a significantly higher incidence of hypermobile scores for all accessory move'

ments (p ( .005) in the hypermobile group compared with the non*linical group.

As expected, the differences between the hypermobile and non'clinical groups were less

marked when the comparison was limited to female ioints in the 20 to 29 years age group'

The hypermobile group was significantly more mobile for palmar'abduction only (Table 6'28)'

ln keeping with the findings for the whole group, the difference between the two groups

was more pronounced in the range of üte accessory movements, and in particular - d¡straction,

medial rotation and lateral gliding.

It ¡s of interest to note that the quality of the physiological and accesory movements was

not sign¡ficantly different between the hypermobile and non+linical groups' This is an ex'

pected finding if joint hypermobility is not an abnormal state but rather one end of a con'

tinuum of normal ioint mob¡l¡ty (Wood, 1971).

From their study of 24 individuals with generalised joint hypermobility Kirk et al. (1967)

concluded that 'the hypermobility syndrome appears to predispose to the premature develop'

ment of deçnerative ioint disease'. They found . . . . 'dte most common sites were the thumb

bases and the cewical spine . . . .' From their statements one might expect to find osteo'

artfirotic changes in the T-Ml ioints of hypermobile individuals under 40 years of age' tåat

is, premature osteo-arthrosis, as osteo'arÚtrosis of this ioint is a disease of middle age (Gervis'

1S149; Aune, 1955; Burton, 1973; Eaton and Littler, 1973 and Kessler, 1973ì' The findings

of the present study do not support their observations as only one of 27 individuals in the 20'

39 years age span had radiological evidence of T-Ml joint osteo'arthrosis.
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Dorso-lateral instabiliry was found in 45o/o of the T-M1 joints ¡n the hypermobile group'

Eaton and Littler (1973), Leach and Bolton (1968), Cho (1970), Eiken (19701 and Burton

(1973) considered instability, in particular dorso'radial subluxation, to be a maior cause of

osteo-arthrosis in the T-Ml ioint. As only g7o of T-Ml ioints had osteo'arthroticchanges,the

present study does not support the contention of the above authors, rather adding support to

the work of Kessler et al. (1976) who considered that radial instability or subluxation was

not related to osteo-arthrosis but rather to hypermobility.

6.64 Results and findings in the osteo'arf:lrrotic group

1. Classification of the group according to age, gender, degree and pathogenesis of

osteo-arthros¡s.

2. Mobility of the T-M1 joint, including the range and quality of the physiological and

accessory movements, comparisons being made with the non'clinical group'

3. lncidence of dorso'lateral instabil¡ty.

4, Discussion.

The osteo-arrhrot¡c group (N=198) consisted of 70 T-M1 ioints which were directly assigned

to the group on the basis of osteo-arthrosis on radiological examination, while the other 128

joints were taken from the other groups when found to have osteo'arthrotic changes'

1. Classification of T'Ml ioints

a) Age and gender

The osteo.arthrotic group contained 199 T-Ml joints, 108 male and 90 female'

As might be expected in a disease of middle-age, the sample contained few (6%)

in the 20-29 years age group, the maiority (57%) being in the 50'59 years category' The rela'

tively low number (18%) aged between 40-49 years was due to sampling (Table 6'32)'

Age Group (yearsl

20-29 30-39 40-49 50'59 Total

F

2

M

I
MF
27 11

MF MF
19 17 53 60 198

bl

Table 6.32 clæification of T.Ml ioints according to ago and çnder (ostoo-arthrotic gfouP, N=1981

Degree of osteo-arthrosis

As set out in Table 6.33, there were 130 T-M1 jo¡nts with mild osteo'arthrosís, 45

with moderate and 23 with marked osteo-arthrotic changes'

M¡Id

Degree of Osteo-arthrosis

Moderate Marked Total

130 (66%) 45{.23Y.1 23 (l1%ol 198

Table 6.33 Clas¡ification of T.Iì,11 ioints according to degr€o of octeo'arthrocis lcteo'arthrotic
g¡oup, N-l981
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c) Pathogenesis of osteo.arthrosis of the thumb base

Of the 198 osteo-arthrot¡c T.Ml joints, 1O7 ll0Yol had degenerative changes isolated

to that ¡oínt. Concomitant osteo-arthrosis was found in the trapezio'scaphoid joint

in 86 (¿t4%) cases;29 (15%) in the trapezio.second metacarpal and21 (11%) in the trapezio'

trapezoid joint (Table 6.34).

T. Ml

I ncidence of Osteo-arthrosi¡

Trapezio-rcaphoid TraPezio'M2 Trapezio-trapezoid

198 (100%) 86 (¿[4%] 29 (157o) 21 111%l

Table 634 lncidcncc of concomitant octeeartlrrcb in otùer tr.p€z¡al articul¡tionr
(oqteo-¡rürrot¡c group, N'1981

Greater involvement of the other trapezial articulations was observed as the severity of

osteo-arürrosis of the T-M1 joint increased. ln the 130 ioints with mild T'Ml osteo'arthrosis

37o had involvement of two or more of the other trapezial joints. The incidence rose to 70Á and

91% in the moderate and marked categories respectively (Table 6.35).

Osteorrthrotic M¡ld O.A Moderate O-A Marked O.A

T-Ml ioint alone
,' + 1 other

" t 2 other

" + 3 other

Total

93 ?flol
34 Q6rol

2 I 2Yol

1|'1%l

130

14 (31%)

2e ß2%l

2(5%l
1 ( 2Tol

45

0

2le%l
6 (26%)

15 (65%)

23

TaUc 635 Paürog¡ns.¡r of ctloarú¡rob at tñc úrumb b¡¡ (ost¡o-¡r{rrotic group, N'1981

The radiographs of T-M1 joints with mild osteo-arthrosis of the T-M1 ioint were examined

for the site of the degenerative changes. The results (Table 6.36) show trat the trapezial sur'

face was much more frequently involved than thatof Ml. Asmall osteophytewasseen on the

dorso-lateral margin of the articular surface of the trapezium in 73 (567o) ioints and on llle

medial margin in 35 (27%) joints. The remainder had changes both medially and dorso'leter'

ally. Of the 11 joints with mild changes on M1, nine were on the dorso.radial margin and only

wo medially.

Sits of Orteo-eñhro¡is Trapezium Ml

Medial and dorso-lateral

Medial

Dorso-lateral

22 l17%.l

35 Q7%l

73 (s6%)

130

0

2 Ílfol
9 (82%)

11Total

TaHo 6.36 Sit¡ of ttro degcnorative changor in T-Ilil ioinr¡ witñ mild oct¡o-¡rthræis (N'1301
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There was bilateral osteo-arthrosis of the T-M1 joints in 82 (83%) individuals (164 thumbs)

and of the remaining 34 with unilateral involvement, 27 182"/ol were on the dominant hand'

2. Mobility of the T-IVIl joint

The mobility of the T-Ml joint was assessed by:

. comparing joints with mild osteo-arthros¡5 (N=130) with the non-clinical group

o comparing joints with nrore advanced osteo'arthrosis (moderste and marked cate-

gories) (N=68), with the non clinical group.

2.1 T-Ml joints with m¡ld osteo-arthrosis

Figure 6.38, (Case number 91) is an example of early osteo.arthros¡s of the T-M1

joint where there is a small rad¡al osteophyte on the trapezium. There is no involve'

ment of the other trapezial articulations.

Figure6.38 Radiograph of mild osteo-arthrçis of the T.lì/11 io¡nt (pGt€reanter¡or viewl (Case No.91l
Note small radial osteophyte on the trapezium

a) Physiological movements

Range and qualitY of movement

No significant difference was found in the range or quality of the physiological

movements between the joints with mild osteo-arthrotic changes and those in

the nonclinical group.

t

I
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b) Accessory movements

Range and qualitY of movement

No significant difference in the range of the accessory movements between the

no'n-clinical group and ioints with mild osteo-arthrosis was found. The osteo'

arthrotic ioints had a significantly higher incidence (7o) of abnormal scores for the quality of

mediat gtiding (p ( .0001 ), lateral rotation ( p ( .005) (Appendix xxv ll).

2.2 T-Ilí1 ioints with moderate/marked osteo'arthrosis

Figure 6.39, (case number 325) is presented as an example of marked osteo'

arthrosis of the T.Ml joint with adduction deformity of the first metacarpal.

There is also osteo.arthrotic involvement of the trapezial artículations with M2 and the trape'

zoid.

Figure 6.39 Radiographs of marked oeteo'arttrrçi¡ of üe T{l/11 ioint (Caso No' 3251

Note: Adductlon deformity of Ml and large radial osteophytos¡s (seen in postero'anterior

viewl and medial osteophytosis (seen in lateral víew)
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a) Physiological movements

i) Range

The mean range of extens¡on and palmar-abduction was smaller in the joints

with osteo.arthrosis; however, these differences were not significant, (Table

6.37).

MoYement Moderate/Marked Non+linical
Osteo-arthrosis

't'value significance

Extension

Palmar-abduction

Opposition

4oo

450

.10

68

430

470

-1()

2.24

1.88

1.15

not

significant

Total 174

T¡ble 6.37 Rango of phy¡iological moyrmcntt of ttrs T{tíl Joint - conrParison bottYccn moderato/

marked oûtaGsrthrot¡c (N4S¡ and non+linic¡l (N'1741 grq¡p¡

¡¡l Ouality of movement

A higher incidence of abnormal scores for the quality of the physiological move'

ments ¡n the osteo-arthrotic group was found. Chi square tests showed ütis to

be significant (p ( .00001), (Appendix XXVlll).

b) Accessory movemonts

i) Range

When compared with the non+linical group there was a higher incidence of stiff

scores for all seven accessory movements in the ioints with moderate/marked

osteo-arthrosis. This was significant for all movements (p ( .0001) with the exception of

postero-anterior gliding and medial and lateral rotatíon (see Appendix XXIX). Figure 6'40

illustrates t}le range and quality of the accessory movements for the two groups.

i¡) OualitY of movement

The results appear in Appendix XXVlll. The osteo-arthrotic ioints had a signifi'

cantly higher incidence of abnormal quality scores for each accessory movement

(p (.0051; however, this was least significant for postero-anterior gliding (Figure 6.40).

3. lncidence of dorso.lateral inlability
Twenty+ight 114%l of the T-Ml joints in the osteo-arthrot¡c group showed a mild

degree of dorso-lateral instability on the stress radiograph. There was only one ioint

wiür a moderate degree of instability (Table 6.39). The osteoarthrot¡c group had a lower

incidence of dorso.lateral ¡nstab¡lity than the non-clinical group; however this difference was

not s¡gn¡f¡cant. W¡th the exception of one joint, instability was found in T'Ml joints with mild

osteo-arth rotic changes.
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Distraction

A-P slidins

P-A sliding

47

56

53

43

Medial gliding

Lateral gliding

Medial rotation

44

Lateral rotation

142

0 10

Moderate/marked osteo'arth rotic group (N=68 )

01020

lncidence (%)

lncidence (7ol

30 40 50 60 70 80 90

= stiff scores

S = abnormal quality scores

Non'clinical srouP (N=1741

lncidence of stiff and abnormal qual¡ty scof€s for the accessory movemenË of the Tll'11

joint - comparison betrveen moderate/marked osteo'arthrotic and non+linical groups

22

33D¡stract¡on

27

A-P gliding

44

P-A gliding

21

20.Medial gliding

17

24
Lateral gliding

22

Medial rotation

29
Lateral rotat¡on

Figure 6.40



143

Group Stable lnstability Total

M¡Id Moderate

Osteo-arthrotic

Non-clinical

169 (85%)

135 178"/'l

28 l14%'l

37 l21Y.l

1 (1V.1

1 (îY'l
198

174

Table 6.38 lncidence of dorso.lateral ¡nÍab¡l¡ty - comparison between ct€o-arúttot¡G lN'l981
and non+linical (N_lZ4l grouf¡!

4. Discussion

Stiffness in extension and palmar-abduction (there being only a trend for the latter)

was found in the ioints with more advanced stages of osteo-arthrosis. MiÍller (1949),

Aune (1955), Swanson l1S72l and Burton (1973) also described limitation of these two move'

ments leading to an adduction deformity of Ml and compensatory hyper'extension at the

metacarpo-phalangeal and inter-phalangeal joints of the thumb'

As expected, there was little difference between the non-clinical and mild osteo'arthrotic

joints. The earliest changes in mobility were ¡n the quality rather than in the range of the

accessory movements. There was a significantly higher incidence (%) of abnormal scores for

the two gliding movements along the medio-lateral axis of the joint (medial gliding, p( '0001,

and lateral gliding, p ( .05) and for lateral rotatie¡ (p ( .005). Lateral gliding and lateral ro'

tation are associated with extension, the movement most affected in the more advanced stages

of osteo-arthrosis.

Medial and lateral osteophytes, common in the more advanced stages of osteo'arthrosis,

(illustrated in the radiographs in Figure 6.39) clearly demonstrate the mechanical restriction

to medial and lateral gliding. These two accessory movements, together with antero'posterior

gliding (a component of extension and therefore likely to be restricted) showed the greatest

difference from the nonctinical group, that is, these had the h¡ghest Chi Square values.

Postero-anterior gliding had a high incidence of stiff scores and abnormal quality scores

even in 'medically normal' joints and, interestingly, the stiff scores were not significantly in'

creased in the joints with advanced osteo-arthrosis.

Swanson l1g72l found dorso-lateral instability in 16 (557o) of 29 osteo-arthrotic T-M1

ioints. He considered that in the early stages of the disease effusion stretches the capsule re'

sulting in instability. Burton (1973) also considered laxity and dorso-lateral instab¡lity to be

the f¡rst stage in the pathogenesis of osteo-arthrosis. ln contrast to th¡s Leach and Bolton

(1968) considered dorso-lateral instability to be secondary to osteo'arthrosis, as they found it

in joints with advanced osteo.arthrotic changes. Eiken (1971) concurred with this when he

described osteo.arthrosis affecting the medial and anterior aspects of the ioint, the ensuing

laxity in the capsule and anterior oblique ligament being the cause of the instab¡l¡ty. Kessler

et al. (1g76) reported dorso{ateral ¡nstab¡lity in 22 (3e./ol of 61 T-Ml ioints. They considered

that instab¡lity was not a feature of osteo-arthrosis alone but also of joint laxity, in that it was

associated with both mild and severe osteo-arthrosis. Sims and Bentley (19701 found alower

incidence of instability (6 (18%) of 33 joints with advanced osteo-arthrosis) but madenosug'

gestion as to its cause.
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ln this study, 28 (14o/ol of 198 T-M1 joints exhibited dorso-lateral instab¡lity, all but one

were associated with mild osteo-arthrot¡c changes. While this would appear to support the

findings of Swanson l1S72l and Burton (1973), a higher incidence of instability wasfound in

the nonclinical group (22o/o of 174 joints) suggesting that instability is not secondary to osteo-

arthrosis (see 6.62). Furthermore, the group with generalísed joint hypermobility had an even

higher incidence of instability 1460/o of 66 joints; see 6.63) which supports the concept of in'

stability being secondary to joint laxity

Several authors (Müller, 1949; Leach and Bolton, 1968; Eaton and Littler,1969; Carroll

and Hill, 1973) considered that in most cases osteo-arthrosis is isolated to the T-M1 joint.

Other authors (Aune, 1955; Sims and Bentley, 1970; Swanson, 1972i Kessler, 1973) reported

the opposite, that is, they found that osteo-arthrotic changes involved most of the trapezial

articulations.

The findings of this study do not support either concept in that 1O7 (&y"l thumbs had

osteo-arthrosis isolated to the T-Ml joint. The incidence (%) of osteo-arthrosis of the other

joints is lower than that quoted by the above authors, this is to be expected as the populations

sampled were dissimilar. This study included asymptomatic cases (mostly w¡th mild osteo'

arthrosis) whereas those of the other authors were drawn from individuals with marked radio'

logical changes and disabling pain.

ln this study the trapezio-scaphoid joint was more frequently involved (44%) than the

trapezio-second metacarpal joint (15%) and the trapezio-trapezoid (11%1. Osteo'arthrosis of

all joints at the thumb base was found in 9% of cases.

ln a review of 29 osteo.arthrotic T-M1 joints, Swanson l'1972t. found concomitant involve-

ment of the trapezio-second metacarpal joint (86%), trapezio-scaphoid (48%) and trapezio'

trapezoid (35%). Sims and Bentley (19701 found the trapezio-scaphoid iointto be involved

in 54Yo of 33 cases of T-M1 osteo.arthrosis. Kessler et al. (1976) reported on the larçstseríes

(148 hands) in which 111 (75Yol showed osteo-arthrosis of the T-Ml joint only. Thirty'one

(21o/ol had involvement of all trapezial articulations; the trapezio-scaphoid showing the most

degeneration.

Burton (1973) described three stages of osteo-arthrosis of the thumb base. The first two

comprise osteo.arthrosis of the T-Ml joint alone with the third showing pantrapezial osteo'

arthros¡s, that is, involvement of one or more of the other trapezial articulations. The results

of this study support his findings in that, with increasing severity of T-Ml joint osteo'artirosis,

there was a higher incidence (%l of involvement of the other trapezial articulations'

Burton (1973) and Eaton and Littler (1973) described the dorso-radial aspect of the tra'

pezium as beíng the first site of osteo-arthrosis of the T-M1 joint;whereas Lassère et al. (1949)

and Weinman and Lipscomb (1967) implicated the med¡al aspect. Results of this stttdy lend

support to the former, as 56% of joints with mild osteo-arthrosis showed a small osteophyte

on the dorso-radial aspect of the trapezium, 27o/o had a small medial osteophyte and the re-

maining 17% had involvement of both the med¡al and lateral articular margins of the trape'

zium. The first metacarpal was less frequently involved, showing a small dorso-radial osteo'

phyte in 6% of T-M1 ioints.
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ln this study 83% had bilateral osteo-arthrosis of the T-M1 joint and, of those with uni'

lateral involvement, 82o/owere on the dominant hand. Kessler et al. (1976), who reportedon

the only sample of any size, found a very similar distribution of osteo-arthrosis. They found

bilateral involvement in 65% of thumbs; of the unilateral cases, 77o/o were on the dominant side.

The higher incidence of osteo-arthrosis in the dominant hand may reflect the fact that this

T-M1 joint is subjected to more forceful compressive forces during thumb function with re-

sultant cartilage damage.

6.65 Results and discussion of findings in the occupational groups

The results of the three occupational groups, (a) manipulative therapists, (b) tailors

and dressmakers and (c) musicians, will be discussed separately as few dírect com'

parisons can legitimately be made between the groups as various constraints are imposed by

the occupational populations sampled. First, there are few manipulative therapists in Aus-

tralia who fulfil the criteria (25 in all, of whom 20 were examined); they tend to be in the

younger age groups and to have fewer years of use than the other two professional groups

sampled. Second, because of technological advances, individuals are no longer entering the

tailoring and dressmaking professions, thus the sample is characterised by older individuals

with many years of thumb use at the¡r trade. Third, while a wide age range existed in the

musicians sampled, only professional musicians were examined, thus years of use were gener-

ally high.

The results of each occupational group will follow the same format as previous sections:

1, Classificatíon of the group according to age and gender.

2. Mobility of the T-Ml joint, including the range and quality of the phys¡ological and

accessory movements, comparisons being made with the non'clinical group.

3. lncidence of osteo-arthrosis of the T-M1 ¡o¡nt.

4. The relationship of years of occupational use, hand dominance and side to the mobil'

ity and osteo-arthrosis of the T-M1 joint.

5. Discussion.

Manipulative therapists group

1. Classification of the group according to age and gender

The T-M1 joints of 20 manipulative therapists were examined (Table 6.39). ln this

sample the majority were male (male:female = 3:11 and most (75o/ol were in the 30'

39 years age group, which reflects the population of manipulative therapists in Australia.

Manipulative therapy, as a specialty within Physiotherapy, has developed since 1965 and at'

tracts more men than women.
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Age Group (years)

20 -29 30-39 40-49 50-59 Total

024

M

0

F MF M

264 2

F

2

MF
40

Table 6.39 Classification of T{ì/11 joints according to ag€ and gender (manipulative therapists

grouP, N=4O)

2. T-Ml ioint mobility

Sex and age have been shown to significantly influence T-M1 joint mobility (6.61),

thus the comparison with the non-clinical group was restricted to males in the 30 to

39 years age category as this comprised 65% of the manipulative therapists group.

Physiological and accessory movements

There was no significant difference between the manipulative therapists and non-clinical

groups in the range or quality of the physiological and accessory movements.

3. lncidence of osteo-arthrosis of the T'M1 ¡o¡nt

Twenty (50%) of the T-M1 joints were found to have mild osteo-arthrotic changes on

X-ray while only one joint (2%) exhibited a moderate degree of osteo-arthrosis (Table

6.401.

Normal

Radiological findings

Mild O-A Moderate O-A Marked O-A Total

19l48%,l 20 (50%) 1 (2o/ol 0 40

Table 6.40 lncidence of osteo-arthræ¡s (O'Al of the T'Ml ioint (manlpulat¡ve therap¡3B grouP,

N-401

4.1 Years of occupational use

ln 6.61 it was shown that use of the thumb was not significantly related to the mobil-

¡ty of the T-M1 joint until after 15 years of use. Due to the nature of the manipula-

tive therapist population (Table 6.41), that is, that only two had been subiected to over 14

years of occupational use, it was inappropriate to statistically analyse the influence of occupa'

tional use.

Occupational
Use (vears)

Frequency

5- I
10 -'t4
15- 19

20 & over

0
2
2

26

40Total

Table 6.41 Ctassification of T.Ml ioint¡ according to occupat¡onal use (manipulative theraP¡sts
group, N=40)

Side and dominance

Manipulative therapists use their thumbs equally during passive mobilisation thus the

influence of side and dominance was not analysed.

4.2
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Tailors and dressmakers grouP

1. Classification of the group according to age and gender

The T-M1 joints of 36 tailors and dressmakers were examined. As set out in Table

6.42, the sample contained no-one in the 20-29 years age group and only five (10

thumbs) in the 30-39 years group. This reflects the present state of this occupation, that is,

machine-made clothing has overtaken the more time-consuming, and therefore more expen'

sive, hand-sewn clothing. The ratio of males to females was 5:4.

Age Group (yearsl

20 -29 30-39 40 -49 50-59 Total

M

0

F

0

MF
46

MF
16 12

M

20 14

F

72

Table 6.42 Classification of T{vll ¡o¡nts âccording to ago and gender (tailor: and drsssmakers

grouP, N=721

2. T-Ml ioint mobilitY

As there were only "lO (14V"1 T-M1 ioints below the age of 40 years, comparison be-

tween the tailors and dressmakers and non-clinical groups was restricted to the 40 to

59 years age span.

Physiological and accessory movements

There was no significant difference in the range or quality of the physiological and acces'

sory movements between the tailors and dressmakers and non-clinical groups.

3. lncidence of osteo'arthrosis of the T{ll1 ¡o¡nt

Fifty-six (78o/ol of the T-M1 joints had radiological evidence of osteo'arthrosis. Thirty-

three had mild changes, 21 moderate changes and two showed marked osteo'arthrosis

(Table 6.43)
Rad¡olog¡cal l-

M¡Id O.A Moderate O-A Marked O-A Total

16 .22V"1 33 (46%) 21 (29%l 2 l3%"l 72

Table 6.¡tÍl lncidencs of octeo+rÚrros¡s (O'Al of the T{ìJl1 ioint Itailorc and drers¡nakers

group, N-72f

A significant relationship was found between the radiological findings and age lX2 = 14.22,

p ( .0'¡ ). The greatest increase in both the incidence and severity occurred in the sixth decade

(Table 6.44).

Age Radiological Findings Total

Normal M¡Id o.A
Marked O-A

10

28

34

72

30-39
40-49
50-59

Total

4 l4OY'l
11 (3e%l

1(3%)

16

4l4OV'l
9l32%,l

20 (5e%)

22

2l2OV,l
8l29Y"l

13 (38%)

23

Tabls 6.¿14 Relationship botw€€n age and radiological findings ¡n the T{ìI1 ioint (tailor¡ and

dress¡nakers group, N=721
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No significant association was found between the radiological findings and the range and

quality of the physiological and accessory movements of the T'M 1 ioint.

4.1 Years of occupational use and dominance

ln the tailors and dressmakers group 58 (81%) of the thumbs had been subjected to

20 or more years of use at the trade with only a small number in each of the other

categories (Table 6.45).

Occupational Frequency
Use (vears)

10-14
15- 19

20 & over

Total

Table 6'45 ctæification of r'Ml ¡oinÉ accold¡ng to occuPat¡onal use (tailoru and dressmake¡:

grouP, N=72!

As tailors and dressmakers use their dominant hand almost exclusively in their trade, the

effect of occupational use can be assessed by comparing the dominant and non'dominant hands

in a matched pairs analysis.

The T-M1 joint of the dominant hand was significantly stiffer in opposition (Sandler's'A'

stat¡st¡c = 0.13, p ( .005) and more mobile in postero-anterior gliding (Wilcoxon test,'T'=
23.5, p < .OO5). There was a significantly higher incidence of osteo-arthrosis of the T'M 1 ioint
on the dominant side (Wilcoxon test, 'T' = 44, p < .005).

Musicians group

1. Classification of the group according to age and gender

The T-Ml joints of 35 musicians (violin, viola and 'cello players) were examined.

There were fewer T-Ml joints in the 4049 years age group and the number of male

and female joints was 44 and 26 respectively (Table 6.461.

Age Group

20 -29 30-39 40-49 50 - 59 Total

I
6

58

72

MF MF
410

M

6

F MF
16 12 0 184 70

Table 6.46 clas¡ification of T'fvll jointr according to agp and çnder (musician¡ group, N'701

2, Mobility of the T-ll/11 ioint
a) Physiological movements

i) Range

The musician group was stiffer than the non-clinical group in opposition (having

a mean range of 40 compared with a mean of -1o (Table 6.47). This difference

was not statistícally significant although the Student's't'test supported a trend (p (.05).
There was no difference between the means of the two groups for extension and palmar'abduc'

tion.
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Musicians Non-clinical

Movement Mean S.D. Mean S.D. 't'value significance

Extension
Palmar-
abduction
Opposition

43o 7.5 43o 8.2 0.01 not significant

470
-40

7.2
6.8

470
_10

7.1

10.0

0.20
1.95

not significant
p(.05

Table 6.47 Range of physiological mov€ments of the T{ìll1 ioint - comparison betl¡ve€n musician¡
(N-701 and non.clinical (N-1741 groups

i¡) Ouality of movement

No significant difference was found between the musician and non'clinical

groups for the quality of the physiological movements.

bl Accessory movements

i) Range

Results of the range of the accessory movements are listed in Appendix XXX-

With the exception of distraction, when compared with the non'clinical group

l¡ttle d¡fference existed between the groups. The musician group had significantly fewer stiff

scores for distractíon (X2 = 14.11, p ( .001).

ii) Ouality of movement

No significant difference existed between the musician and nonclinical groups

for the quality of the accessory movements.

3. lncidence of osteo-añhrosis of the T'Mî ioint
Forty-five 1640/ol of the T-Ml ¡o¡nts were found to have radiological evidence of

osteo-arthrosis, and of these 32 were classed as mild, 11 as moderate and two as having

a marked degree of osteo-arthrosis (Table 6.48).

Normal

Radiological Findings

M¡ld O-A Moderate O'A Marked O-A Total

25 (36%) 32146%l 11 l1B%ol 2 l3Y"l 70

Table 6.48 lncidanco of cteo-ard¡ros¡¡ (o.Al of the T{ì,ll ioint (mudcian¡ group, N-7Ol

The radiological findings were found to be significantly related to age lX2 = 34.24, p 1
.OOOO1). From Table 6.49, it can be seen that both the incidence and degree of osteo-arthrosis

increased with advancing age. Thirty-six percent of those in the 20'29 years age group had

osteo-arthrosis and this had increased to 100% by the fifth decade.

Radiological

Findings

Age Group (years)

20 -29 30.39 40-49 50-59

Normal

Mird o-A
Moderate/
Marked O-A

Total

18 1640/"1

10 (36%)

7 (50%)

6 (43V'l

1 ( 7o/ol

14

0

4167%0l

2l33%.l

6

0

12|y.vù

10 t46%l

22

0

28

Table 6,49 Relationdrip bstw€€n aç and Gtoo.artlrroc¡¡ (O-Al of the T{t/11 ioint (musicians group

N-7ol
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4.1 Years of occupational use

There were 24 T-Ml joints in the 10 to 14 years category, 10 in the 15 to 19 years

and the remaining 36 had 20 or more years of use (Table 6,50).

Occupational Use
(years)

Frequency

10-14
15-19

20 & over

24

10

36

Table 6.50 Glassification of T{vll jo¡nts accord¡ng to occupational use (musicianr group, N=701

i) Relationship to the physiological movements

Years of occupational use were found to have no significant association w¡th the

range of the three physiological movements and no marked change in the quality

of those movements was evident until after 20 or more years of use (Table 6.51). This relation-

ship was not statistically significant.

Movement 10-14
Occupational Use (years)

15 - 19 20 or more

Extension
Palmar-abduction

Oppos¡tion

0
1

4

0
0

1

6

8

13

Table 6.51 Relationship between occupational uso and the incidence of abnormal scorss for the qual¡ty
of füe physiological movement¡ of the T{vl1 ioint lmusician¡ group, N=701

ii) Relationship to the accessory movements

The relationship of occupational use to the range and quality of the accessory

movements is tabled in Appendices XXXI and XXXll.
There was a trend towards the incidence (7o) of stiff scores rising with cumulative use for

distraction, antero-posterior and lateral gliding (p ( .05). The ranges of the other accessory

movements were not significantly associated with use.

Occupational use had a more noticeable influence on the quality of the accessory move-

ments. For most movements the greatest increase in percentage of abnormal scores occurred

after 2O years of use (Figure 6.41). Use had the greatest influence on the quality of antero-

posterior gliding (p ( .0005); however, a trend (p ( .051 was found with the other movements.

iii) Relationship to the incidence of osteo-añhrosis of the T.l\,11 ioint
The íncidence (expressed as a percentagel of the osteo-arthrosis rose with increased

occupational use, there being a fairly even rise, of approximately 3O"/o, between the

three categories of use (Table 6.52). After 20 years there was an increase in the severity or
degree of osteo-arthrosis, 36% having moderate to marked changes. The relationship between

occupatíonal use and osteo-arthrosis of the T-M 1 joint was significant (X2 = 21 ,12, p ( .0001 ).



Distraction I

A-P glidins 17

P-A gliding il

Medial gliding 13

Lateral gliding I

Medial rotation 4

Lateral rotation 8

lncidence (%l

10 20 30 40 50 60 010
lncidence (%)

20 30

151

40 50Movement 0

10 - 14 years of use (N=241

Movement 01020

20 and over yean¡ of use (N=361

lncidence (%)

30 40 50

15 - 19 yean of use (N=l0l

60 70 80 90

Relatlonship b€tur€on occupat¡onal use and üre incidence {%l of abnormal sco¡¡c for üre quality

of tho accssrory mov€m€nts of the T{Vll ioint (musicians group, N-701

40

50

40

20

t0

40

Distraction 36

A-P gliding 69

P-A glidíng 86

Medial gliding 44

Lateral gliding 47

Medial rotat¡on 33

Latera! rotat¡on 47

Figure 6.41
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Radiological
Findings

Occupational Use (yearsl

10,14 15-19 20 & over

Normal

M¡Id O.A

Moderate/Marked O-A

17 (71%ol

7 Q9fol

0

4 l4OT.l

6 (60%)

0

4 l117ol

19 (537o)

13 (367o)

Table 6.52 RelationCrip betr¡cen æupational uso and tñe incidcnce of qteo.arthrsi¡ of the
T-fì¡ll ioint (mu¡ician¡ gruuP, N'701

4.2 Thumb funstion: left and right side

Regardless of hand dominance the violin and viola are stabil¡sed with the chin and

left hand, and similarly the neck of the 'cello is stabilised by the left thumb against

pressure of the f¡ngers on t}re strinç; with each instrument the bow is held in the ríght hand.

The mobility of the left and right T-Ml joint was compared us¡ng a matched pa¡rs analys¡s.

The right T-M1 joints were significantly more mobile for opposition and thetwoaccessory

movements asociated with opposition, postero-anterior and medial gliding (p ( .005) but

there was no significant difference between the left and right sides for tJre range and quality

of the other movements or for the incidence of T-M1 joint osteo'arthrosis.

5. Discussion

5.1 Manipulatiye therapist¡ group

Due to the nature of this relatively young group, (857o being aged below 40 years

and the thumbs of only two therap¡sts having over 14 years of occupational use)

no comparative information could be gained w¡th règard to radiological changes or the influ'

ence of thumb use. These factors, young age and low usage, may account for there being no

significant difference in the mobility of the T-Ml ioint between the 30.39 year old male ioints

of this and the non+linical groups. Ctearly a follow-up study in 10 to 15 years'time is re'

quired.

5.2 Tailon and dressmaker: group

This group was characterised by individuals in the older age groups (only 14% were

younger than 40 years) with many years at their trade (817o had 20 or more years

of experience). The effect of occupational use was assessed by comparing the dominant w¡th

the non-dominant side as tailors and dressmakers use the¡r dominant hand (thumb) almost ex'

clusively at úreir trade.

There was a significantly higher incidence of osteo-arthrosis of the T-M1 joint on the domi-

nant side (p ( .005). As it was a matched pairs str¡dy the variables of age and gender were

controlled, permitting the observation that T-M1 loint osteo-arútrosis was affected by occupa'

tional use.

Opposition to the l¡ttle finger, which incorporates adduction of the first metacarpal, was

significantly stiffer on the dominant side (p < .005). This is consistent with the habitual posi'

tion of abduction of the first metacarpal used in sewing with a needle held between the típs

of the thumb and index finger.
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5.3 Musicians group

Although occupational use as a musician showed no significant relationship to the

range or quality of the phys¡ological movements, the results showed a trend towards

a higher incidence l%l of stiff scores (for distraction, antero-posterior and lateral gliding, p (

.05) and abnormal quality scores for all the accessory movements (p ( .05). This was signifi'

cant for antero-posterior gliding (p (.0001) and lateral gliding (p (.005). This increase (%)

was more noticeable after 20 years of thumb use. Loss of distraction range is indicative of

capsular and ligamentous stiffness which may result from years of holding the thumbs rela'

tively static. Antero-posterior and lateral gliding are associated with extension of the T-M1

joint, a movement not used in playing the violin, viola or 'cello.

A significant increase was found in the incidence (%) of osteo-arthrosis of the T'M1 joint

with cumulative use (p( .0001), with a rise in its severity after 20 years. Professional musi'

cians are one group of individuals who commence using their hands (and in particular their

thumbs) from an early age. This is likely to account for the relatively high incidence (36%)

of osteo-arthrosis in the 20 to 29 years age group.

Regrettably there are no norms for osteo-arthrosis of this joint and little value can be gained

by making comparisons with the results of other authors, discussed in the literature review,

which are based on sample populations with severe and disabling osteo'arthritis.

The importance of movement to the maintenance of nutrition of the articular cartilage has

been demonstrated by the experimental work of Caterson and Lowther (1978). The musi-

cians represent one occupation in which the thumb is not regularly exercised through different

ranges of movements, but rather held statically for periods of several hours (professional

musicians commonly practise continuously for three to four hours).

The force exerted by the right thumb during stabilisation of the bow is unknown. However,

Cooney and Chao l1g77l have shown that during a pinching force of 1 Kg between the thumb

tip and the index finger a compressíve force of 12 Kg is developed across the articular surfaces

of the T-Ml joint. Other workers (salter and Field, 1960; Bullough andWalker, 1976;Madri-

gal and Schwartz, 1979) have demonstrated that articular cartilage is susceptible to compres'

sive forces. These findings lend support to this occupational group being one in which the

articular cartilage of the T-M1 joint is 'at risk'.

Osteo-arthrosis of the T-M1 joint was also significantly related to age (p <.00001), but it

was not possible to analyse the separate effects of occupational use and age.

Results showed a trend towards the T-Ml joints of musicians being stiffer in opposition

than those of the non-clinical group (p ( .05). At first this finding seemed contrary to expec-

tation in that musicians hold their thumbs in a position of opposition while playing their

musical ¡nstrument. A closer look at the position of their thumbs reveals the reason for this

apparent discrepancy. The left thumb, in supporting the neck of the instrument, is held in

palmar-abduction. Due to the thickness of the instrument's neck, the first metacarpal is held

in abduction. On the right side, the thumb is opposed to the middle finger and in this case,

with a smaller oblect, the first metacarpal is adducted. However, the test position used in

th¡s study was opposition to the little finger, which is not an habitual position forthe thumbs

of these musicians.

It is unclear why the difference between the musicians and non'clinical groups should

manifest itself in opposition rather than extension.
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1.

2.

3.

4.

As presented above, the two thumbs were held for long periods but in different positions.

Analysis of the relationship of left and right side to the mobility of the T-M1 joint showed the

right to be significantly more mobile for opposition and the two accessory movements associ-

ated with opposition, namely postero-anterior and medial gliding (p ( .005). This is consistent

with the positions in which the two thumbs are held during the playing of the víolin, viola

and 'cello. As both thumbs are held statically for long períods one would not expect the in-

cidence of osteo-arthrosis to be different on the two sides and indeed no significant difference

was found.

6.66 Relationship of adjacent io¡nt mob¡l¡ty to the range of passive movemenß of the
T-lVll joint

Mobility of the metacarpo-phalangeal (McP) joint of the thumb.

Mobility of the trapezial articulation with the second metacarpal (M2), trapezoid and

scaphoid.

Results.

Discussion.

The joints adjacent to the T-M1 joint are the metacarpo-phalangeal (McP) joint of the thumb

and the trapezial articulations with the second metacarpal (M2), trapezoid and scaphoid.

Results of the relationship of adjacent joint mobility to the range of the physiological and

accessory movements of the T-Ml joint are presented for the total population sampled (N=

492l.. The mobility of the adjacent joints is presented first, followed by an analysis of their

relationship to the mobility of the T-M1 joint.

1. Mobility of the metacarpo-phalangeal (McP) joint of thE thumb

The mean range of flexion was 63.90 while the mean for extension was 43o (Table

6.53). The relatively large standard deviation for both movements indicates wide

i ndividual differences.

Movement Mean s.D.

Flexion

Extension

63.90

43.00

15

17

Table 6.53 Mobility of dre metæarpo-phalangeal joint of the thumb (whole sample, N+492,

2. Mobility of the trapezial articulation with the second metacarpal (M21, trapezoid and
scaphoid

The incidence of mobile and stiff scores for antero-posterior (A-P) and postero-anter-

ior {P-A) gliding of the trapezial articulations with M2, trapezoid and scaphoid are

gíven in Table 6.54.

The three joints showed a similar incidence of stiff scores for A-P gliding. P-A glidíng was

more frequently stiff when compared with A-P gliding especially for the trapezio-scaphoid and

trapezio-trapezoid joints.
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Joint Movement Range of Movement

Mobile st¡ff

Trapezio-M2

Trapezio-trapezoid

Trapezio-scaphoid

A.P
P.A

A.P
P.A

A-P
P.A

457
447

457
417

4il
407

35
45

35
75

38
85

iding
iding

iding
iding

gl
gl

gl

sl

sl
gl

iding
iding

Table 6.31 Mobil¡ty of t re trapsz¡al art¡culation with M2, trapozo¡d and scaphoid
(whole sample, N-4921

The following movement comparisons were made on the basis that stiffness in one ioint
could be, in part, compensated for by increased mobility in the other joint:

i) metacarpo-phalangeal flexion with T-M1 opposition

¡il metacarpo-phalangeal extension with T-M1 extension and palmar'abduction

¡i¡) antero-posterior gliding of the three trapezial articulations with antero-posterior

gliding of the T-M1 joint

iv) postero-anterior gliding of the three trapezíal articulations with postero'anterior

gliding of the T-M1 joint.

3. Results

(i) Using the Pearson correlation coefficient no significant correlation was found be'

tween metacarpo-phalangeal flexíon and T-Ml joint opposition, or between meta'

carpo-phalangeal extension and T-M1 joint extension and palmar-abduction.

(i¡) - (iv) Rather than the expected finding of a negative relationship between the mobil¡ty

of the accessory movements of the T-M1 joínt and its adjacent joints, the opposite was

found. Stiffness in the T-M1 joint was associated with stiffness in the other three joints

(Table 6.55). This relationship was significant for trapezio-M2 antero-posterior gliding,

trapez¡o-trapezoid antero-posterior and postero-anterior gliding (p (.0001); also a trend

was supported for trapezio-M2 postero-anterior gliding (p (.01) and trapezio'scaphoid

antero-posterior gliding (p ( .05).

Joint
(stiff scores)

T-Ml Joint Mobility Total X2 value significance

Hypermobile Normal St¡ff

Trapezio-M2
stiff

Trapezio-trapezoid
stiff

Trapezio-scaphoid

stiff

2

2

2

I 24 35 28.05 p (.00001

11 22 35 20.93 p ( .00001

22 14 38 6.16 p (.05

(al Antero-poterior gliding
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Joint
(stiff scores)

T-lvll Joint Mobility Total X2 value significance

Hypermobile Normal St¡ff

Trapezio-M2
st¡ff

5 10 30 45 10.42 p(.01

Trapezio-trapezoid
stiff

16 51 75 20.87 P (.00001

Trapezio-scaphoid
st¡ff

10 32 43 85 3.96 not significant

lbl Postero-anterior gliding

Table 6.55 Comparison of T{Vll mobility scores w¡ür stiff scores of the trap€zial articulations with
M2, trapezoid and scaphoid for a) antsro-pctoriot gliding; bl postero'anterior gliding

(whole samPle, N-4921

4. Discussion

ln this sample of 492 thumbs, stiffness in the T-M1 ioint was not associated with com'

pensatory increased mobil¡ty in its adjacent joints, or vice versa. ln contrast, stiffness

in the accessory movements of the T-M1 joint was associated w¡th stíffness in the three adjacent

joints.

Compensatory increased mobility at one or more adjacent joínts following surgical fusion

of the T-M1 joint has been reported by a number of authors (Müller, 1949; Kaplan, 1966;

Eiken and Carstam, 1970; Swanson, 1972 and Carroll and Hill, 1973). Absence of movement

in the physiological and accessory tests, comparable with surgical fusion, was an extremely

rare finding in the T'M1 joints in the present study (0.06% of movementstested)' Clearlythe

present sample is not comparable with those of the above authors and this is a likely explana'

tion for the difference in findings.

6.67 Relationship between osteo-arthrosis of the T-Ml ioint and menstrual status and

between osteopenia and menstrual status

Classification according to menstrual status

lncidence of osteopenia

lncidence of osteo-arthrosis in female T'M1 joints

Relationship between osteo-arthrosis of the T-Ml ioint and menstrual status

Discussion.

Classification according to menstrual status

Of the 132 females (264 T-M1 ioints) in this study 80 (61%) were pre-menopausal,

11 (8%) were menopausal and 4'l l31%ol were either post-menopausal or post-hyster'

ectomy (Table 6.56).

1

2.

3.

4.

5.

1
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Menstrual Status

Pre-menopausal Menopausal Post-menopausal Total

80 (61%) 11 (8%) 41 l31o/ol 132

Table 6.56 Classification of female subiecÉ accord¡ng to m€nstrual status

Note: post-menopausal inoludes post-hy6terectomy

Menstrual status was significantly related to age (X2 = 244.13, p ( .00001) (Table 6.57)

Age Menstrual Status Total X2 value

significance(years)

Total

128

32

160

130

136

264

2

82

u

0

22

22

20-39
40-59

244.13

p ( .00001

Table 6.57 Clas¡lfication of female T{lí1 joinfs according to aç and m€nstrual Jtatus

Note: post-fnenopausal includes post-hysterectomy

2. lncidence of osteopenia

ln 68 females, aged 40 years and over, radiogrammetry showed that six (9%) were

osteopenic, that is, they had percentile values of less than 13 (Appendix XXXlll).

These six females were from the post-menopausal/post-hysterectomy group. With so few cases

of osteopenia it was inappropriate to analyse the relationship between osteopenia and mens'

trual status.

3. lncidence of osteo-arthrosis in female T{ìrl1 ioints

Of the 264 female T-Ml joints 92 (35o/ol showed osteo-arthrotic changes on X-ray.

Fifty-five (21o/ol had mild osteo'arthrosis and 37 (14%) moderate or marked changes

(Table 6.58).

Radioloqical Findinqs

Normal M¡ld O-A Moderate & Marked O-A Total

172 (65V.1 55 (21Y.1 37 l14Yol 264

Table 6.58 lncidsnce of æteo-arürrosis in female Tll,ll join$

4. Relationship between menstrual status and osteo-arthros¡s of the T'Ml ioint

A higher incidence l72o/ol of osteo-arthrosis of the T-M1 ioint was found in post'

menopausal/post-hysterectomy women compared with 167o and 32o/o in the pre-

menopausal and menopausal categories respectively (Table 6.59). Osteo-arthrosis was also

more advanced in the post-menopausal/post-hysterectomy group. The relationship between

menstrual status and osteo-arthrosis of the T-M1 joint was significant (X2 = 80.91, p ( '00001 ).
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Menstrual

Status

Radiological Findings

Normal M¡ld O-A Mod./Marked O'A

Total

Pre-menopausal

Menopausal

Post-menopausal

Total

'134 (UYol '19 ('l2%,l

15 (68%) 6 (27v"1

23128%1 30 (37%)

172 55

7 ( 4o/ol

1(s%)
2e 135%l

37

160

22

82

264

Table 6,59 Relationship bettu€on menstrual status and cteo-arthræis of the T{l/11 ioint

Note: postmenopausal includes post*tysterectomy

Two separate analyses were performed, on dominant thumbs only, to assess the relationship

between menstrual status and osteo-arthrosis independent of age.

ln the first analysis the Chi Square value was computed for age by menstrual status by

osteo-arthrosis and part¡tioned into orthogonal components (Winer, 19711. The total Chi

Square was partitioned ¡nto independent add¡tive components of age by osteo-arthrosis, age

by menstrual status, menstrual status by osteo-arthrosis and age by menstrual status by osteo'

arthrosis.

The Chi Square partit¡oníng {Table 6.60) indicated a s¡gn¡f¡cant association between age

and menstrual status (partial X2 = 53.0, p (.001), this accounted for 50.4c/o of the total

variability in the data. The independent association between age and osteo'arthrosis was sig-

nificant (partial X2 = 21.2, p 1.001 ), accounting for '19.7%o of the total variability. Menstrual

status and osteo-arthrosis were significantly related (partial X2 = 28.3, p ( .001 l and accounted

Íor 26.4Vo of the total variability. The age by osteo-arthrosis by menstrual status interaction

was not statistically si gnif icant.

A similar analysis was undertaken for age by gender by osteo-arthrosis data (Table 6.61 )'

This analysis ionfirmed a significant association between age and osteo'arthrosis (panial X2 =

26.8, p < .OOl ) which accounted for 74.9%o oÍ the total variability. lt also showed a significant

part¡al association between gender and osteo-arthrosis (partial X2 = 7.6, p (.01), which ac-

counted Íor 21 .4o/o of the total variability. The age by gender by osteo-arthrosis effect was

not significant nor was the age by gender effect,

Examination of the frequency of osteo-arthrosis of the T-M1 ioint in the older age group

(40 - 59 years) showed that the male rate was 66% while that for females was 33% in the pre-

menopausal group and 68% for the menopausal/post-menopausaUpost-hysterectomy group' ln

the younger age group (20 - 39 years) the incidence of osteo-arthrosis was 38% in men,'l2Yo

in pre-menopausal females and 25o/o in the menopausal/post-menopausal/pirst'hysterectomy

group.

5. Discusion

On the basis of case studies alone, hormonal imbalance was postulated the likely rea-

son why osteo-arthrosis of the T-Ml joint is found predominantly in middle aged women

(Aune, 1955; Eiken and Carstam, 1970 and Sims and Bentley, 1970). To the author's know'

ledge this is the first study to put this postulation to test.
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Taken together, the two analyses performed to assess the relationship between menstrual

status and osteo-arthrosis of the T-M1 joint independent of age, suggestthatmenstruation is a

significant factor in lowering the incidence of osteo-arthrosis. ln the older age group (40 '59

years) the male osteo-arthrosis rate was 66% compared with 33% in pre'menopausal females

and 68% in the menopausal/post-menopausal/post-hysterectomy group (as for males). ln the

younger age group (20 - 39 years) the male osteo-arthrosis rate was 387o. ln females still men'

struating the incidence of osteo-arthrosis was 12o/o whíle the rate for the young menopausal/

post-menopausal/post-hysterectomy group was 25o/o, more like that of young males, but this

est¡mate is based on only four cases. Over-all the data suggest a protect¡ve value in the men'

strual cycle or something underlying its physiology.

Hormonal imbalance in post-menopausal women is considered to be an important factor

in the development of osteoporosis and osteopenia (Gitman and Kamholtz, 1965; Nordin et

al., 1975; Lindsay et al., 1976, 1977; Reeve et al., 1976 and Marshall et al., 1977). ln the

present study six (15%) of 41 post-menopausal/post-hysterectomy women were found to be

osteopenic. While so few cases make it inappropriate to analyse the relationship between

osteopenia and menstrual status, it would appear that the results do not support the findings

of the above authors. lt may well be that the level of hormonal imbalance needed to produce

osteopenia was not present in these 41 women. Measurement of circulating hormones was

clearly outside the scope of this study.



ABC = ege by menstrual status by osteo-arthrosis of T-M1 joint

Menstrual Status
Age Pre-menopausal

Normal O-A

Menopausal

Normal O-A

Total

20-39

40-59

Total

il 7 (12%l

5 (33%)

12

2 {.25.Á1 65

26 (68y,1 53

27 118

1

12

15

10

64

x2 Tor (adjl = 1st.'t 'l

160

AB = age by menstrual status

Menst¡ual Status

Age Total
Pre-menopausal Menopausal

20-39 61

40-59 15

Total

65

53

118

4

76

38

42

AC = age by osteo-arthrosis of the T-Ml joint

x2 AB = s3.93 (p (.oorl

BC = menstrual status by osteo-arthrosis of the T-Ml joint

Radiological Findings

No¡mal o-A

Radiological Findings

Age Total Menstrual

Status
Total

No¡mal o-A

20-39

40-59

Total

65I

31

39

57

22

79

53

118

Pre-

menopausal

Menopausal

Total

64

15

12

27

76

42

1'¡83979

x2 ac la¿¡l =21.13 (p (.oo1

x2 ABc = X2 tot - X2 aB - X2 Ac - x2 Bc = 3.73 (nor sisnificanrl

chi square partitioning for the relationship between aç, menstrual ratus and osteo-
artfirosis of the T{Vll joint

Menopausal includes post-menopausal and post*rysterectomy cases
O-A = osteo¿rthrosis
Analysis performed on dominant thumbs only

x2 ec (a¿¡l =2g'.31(p<.æ11

Table 6.60
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ABC = age by gender by osteo-arthrosis of the T-M1 joint
AB = age by gender

Male Female

Age Total Age Male Female Total

Normal o-A Normal o-A

118

112

230

56

118

118

112

230

20-39 56

40-59 56

Total 1'12

62

20-39
40-59

Total

35

19

u

21 (38%l

37 166%.l

58

u
25

79

I (13%)

31 (55%)

39

x2 tor (adj) = 35.rt x2 ea la¿j) = 0.11 (not significant)

BC = gender by osteo-arthrosis of the T-M1 joint

AC = age by osteo-arthrosis of the T-Ml joint

Age

Radiological Findings

Normal o-A
Total Radiological Findings

Gender Total

Normal o-A
20-39 89

40-59 44

Total 133

29

68

97

118

112

230

Male

Female

Total

u
79

113

112

118

230

58

39

97

x2 ¡c = 26.79 (p(.ætl

X2 ABc = x2 ToT - X2 AB - X2 Bc - x2 Ac = 1.22 lnotsignificantl

Table 6.61 Chi Square partitioning for the relationship between age, gender and osteo-arthrosis of the
T-lVtt joinr

O-A = osteo¿rthrosis
Analysis performed on dominant thumbs only

x2 Bc (adjl = 7.6a (p (.otl
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6.7 Summary

To the author's knowledge this clinical study of 492 T-M1 joints involving a question-

naire and physical and radiological examination is the most detailed clinical study

reported to date. The published literature deals almost exclusively with the management of
osteo-arthritís of the T-M1 joint.

To allow for cumulative etor in analyses involving several movements of the T-Ml
joint a conseruatíve per test error rate of p 1.005 was adopted.

The results of this study cannot be generalised to the normal population as selection meth-

ods were based on specific criteria pertaining to osteo-arthrosis, hypermobility or occupation.

6.71 Results of the relationship of specific demographic variables are summarised below.

1. Gender

The sample contained 228 male and 264 female T-M1 joints. Females were signifi-

cantly more mobile for opposition (p ( .005) while males had a significantly greater

mean range for extension and palmar-abduction (p ( .0001).

ln contrast to the many reports in the literature, men were found to have a sígnificantly

higher incidence (%) of osteo-arthrosis of the T-M1 joint (p (.0005). ln the main the reports

cited in the literature were based on T-Ml joints with marked osteo-arthritis with disabling

pain. The results of the present study are not comparable because there were no cases of
severe pain or disability, and it contained both asymptomatic and symptomatic ¡oints.

2. Age

With the exception of palmar-abduction, the physiological and accessory movements

of the T-Ml ioint became significantly stiffer with advancing age (p (.005). Ageing

had a more marked influence on the range and quality of the accessory movements than on the

physiological movements. The incidence lo/ol oÍ stiff scores and abnormal quality scores rose

after the fifth decade.

The incidence lo/ol of osteo-arthrosis rose significantly with increasing age (p<.00001), the

osteo-arthrotic changes being more marked in the fifth and sixth decades.

3. Past history of pain at the tlrumb base

Excluding the non-clinical group, 65 (20yol of the remaining 318 T-M1 joints had a

past hístory of pain at the thumb base, in 59 (91%) the pain was associated witlr use.

There was a significantly higher incidence of moderate/marked osteo-arthros¡s of the T-Ml

ioint in those thumbs with a past history of paín (p ( .001) and the pattern of restriction of

mobility supported greater involvement of the soft tissue elements, rather than of the articular

surfaces, of these joints.
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4. Use of the thumb

Cumulative use of the thumb showed no significant relationship with the mean range

of the physiological movements. W¡th the exception of postero-anterior gliding, the

range of the accessory movements of the T-Ml joint decreased significantly (p (.005), especi'

ally after 20 years of use. Similarly there was a significant increase (p ( .005) in the incidence

(%) of abnormal quality scores for all the physiological and accessory movements, this also

being most obvious after 20 years of use.

There was a significant relationship between use of the thumb and the incidence l%l of

osteo-arthrosis of the T-M1 joint (p(.00001). After 15 years of use the incidence of osteo'

arthrosis rose.

Age, use of the thumb and osteo-arthrosis are three interdependent variables. Due to the

population sampled, it was not possible to analyse the separate effect of these on the T'M1

joint.

5. Obesity

There were too few cases of obesity (six out of 246 individuals) to reliably assess its

relationship to the range of opposition at the T'M1 joint.

6. Pain elicited during examination

The frequency of pain elicited duríng examination of the movements of the T'Ml
joint was too low to permit statistical analysis. Pain was associated with stíffness

in extension, palmar-abductíon and all seven accessory movements; there was a higher inci-

dence (7o) of pain in those ioints with osteo-arthrosis.

7. Peri-articular thickening

Seventy-three (15%) of the 492 T-M 1 joints exhibited peri-articular thickening.

A significant relationship (p ( .00001) was found between peri-articular thickening

and osteo-arthrosis of the T-M1 joint,98% of thickened ioints have osteo-arthrosis.

6.72 For the 174 T-M 1 joints in the non-clinical group

1. a) the mean range of movement for the three physiological movements was estab'

lished; extension = 43o, palmar-abduction = 47o and opposition = '1o'

b) the incidence (%) of abnormal quality scores was similar for each of the physio-

logical movements.

c) the range of the seven accessory movements was recorded. There were few very

stiff scores and none in the 'no movement' category. Postero-anterior gliding

had a higher incidence of stiff scores (43% compared with 23o/o which was the

mean for the other movementsl, and lateral gliding had a higher incidence of

hypermobile scores (29% compared with the mean of 16%).

d) antero-posterior and postero-anterior gliding had the highest incidence of ab'

normal scores for the qual¡ty of movement (ilYo and 65% respectively) com'

pared with a mean value of 22o/o for the other accessory movements.

e) a significant relationshíp (p ( .00001)was found between the range and quality

of movement of each of the accessory movements.

2. Thirty-eight joints 122%l exhibited dorso-lateral instability.
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6.73 There were 66 T-M1 joints in the group with generalised peripheraliointhypermobil-

ity. The majority (55%) were females in the 20 to 29 years age group.

1. a) Comparison of the whole group with the non-clinical group revealedthehyper'

mobile group to be significantly more mobile for opposition (p(.0001)and

palmar-abduction (p < .005). A more marked difference was found between

the two groups for the range of all accessory movements. ln the hypermobile

group there was a significantly higher incidence (%) of hypermobile scores and

lower incidence (%) of stiff scores (p <.00001). No significant differencewas

found between the groups for the quality of the physiological and accessory

movements.

b) The more specific comparison between the two groups, that is, between female

joints in the 20-29 years age category, showed a tendency for the hypermobile

group to be more mobile for the three physiological movements (P ( .05) and

to be significantly more mobile for the accessory movements of distraction,

lateral gliding and medial rotation (p ( .005). No significant difference was

found between the groups for the quality of the physiological and accessory

movements.

2. Thirty joints (45%) had radiological evidence of dorso-lateral instabil¡ty whích was

found to be significantly more frequent than in the non+linical group (p ( .0005).

3. Of the 54 joints in the 20-39 years age span only one was found to have osteo'

arthrosis, thus the result of this study does not support the work of Kirk et al.

(1967), who noted 'premature arthrosis' in individuals with generalised peripheral

joint hypermobility, the T'M1 ioint being a common site.

6.74 The osteo-arthroric group contained 198 T-Ml joints of which 130 exhibited mild

changes,4S moderate and 20 marked osteo-arthrosis.

1. a) Two comparisons were made w¡th the non-clinical group. These were between

joints with mild osteo-arthrotic changes and between those with moderate/

marked changes.

i) There was little difference between the nonælinical group and ioints with

mild osteo-arthrosis. The earliest changes were in the quality of the acces-

sory movements, the results support¡ng a trend towards a higher incidence

(o/ol of abnormal scores in the arthrotic joints for medial and lateral gliding

(movements along the medio.lateral axis of the jo¡nt) and lateral rotation

(p ( .051. Lateral gliding and lateral rotation are components of extension,

the movement showing the greatest difference from the non-clinical group

in joints with more advanced osteo-arthrotic changes. The earliest radio'

logical changes were seen on the dorso-lateral and medial aspects of the

jo¡nt which is consistent with lateral and medial gliding having a greater

incidence of abnormal qualiW scores.
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ii) The range of physiological movements was not significantly stiffer in T.M1

ioints with more advanced osteo-arthrosis allhough extension showed a trend

(p ( .05). The accessory movements showed a greater difference between the

two groups, there being a higher incidence (7o) of stiff scores. This was signifi'

cant for distraction, antero-posterior, medial and lateral gliding (p ( .001).

The movements most affected were medial and lateral gliding (p ( .00001)

which are consistent with radiographic evidence of marked osteo-arütrotic

changes on the medial and dorso-lateral aspects of the joint. The incidence (%)

of abnormal quality scores was significantly higher in ioints with advanced

osteo-arthrosis for alt the physiological and accessory movements (p ( .005).

b) Twenty-eight (14%) exhibited dorso-lateral ¡nstabil¡ty on the stress radiograph;

all but one were associated w¡th m¡ld osteo-arthrotic changes. No significant

difference was found between the osteo-arthrotic and non+linical groups in the

incidence of dorso-lateral instability. This finding does not support the concept

of dorso-lateral instability being secondary to osteo-arthrosis.

2. There were 107 thumbs (&4%) with osteo-arthrosis of the T-M1 joint. of theother

trapezial articulations, the trapezio-scaphoid was the most commonly affected (447o)

compared with 15% and 117o in the trapezio-M2 and trapezio-trapezoid joints respec'

tively.

The findings of the present study do not support the concepts of osteo-arthrosis

being isolated to the T.Ml joint (propounded by Milller, 1949; Leach and Bolton,

1968; Eaton and Littler, 1969; Carroll and Hill, 1973) or of osteo-arthrosis involving

most of the trapezial articulations (reported by Aune, 1955; Sims and Bentley, 1970;

Swanson, 1972; Kessler, 1973).

With increasing severity of T-M1 osteo-arthrosis a higher íncidence (%) of involve'

ment of the other trapezial art¡q.¡lations was found. This supports the f¡nd¡ngs of

Burton (1973).

The earliest radiological sign of osteo-arthrosis was found most frequently on the

dorso'lateral side of the trapezium (56%) compared witl¡ 17% on the medial side, üte

remaining 27% showing osteophytosis on boú¡ the medial and dorselateral aspects

of the joint.

ln this study 8iÍl% had bilateral osteo-artfirosis of the T-M1 ioint and of those with

unilateral involvement 82Yo we¡e on the dom¡nant s¡de.

6.75 The occupational group (182 thumbs) comprised manipulative theràpists, tailors and

dressmakers and musicians.

1. Due to the nature of the populatíon of manipulative therapists, 857o being aged

below 40 years and the thumbs of only two therapists having over 14 years of

occupational use, it was not appropriate to analyse the relationship between oc'

cupational use and T-M1 joint mobility.

2. ln the tailors and dressmakers group (72 T-M1 joints) the influence of occupation

was assessed by comparing the dominant wittr the nondominant thumb. The

T-M 1 joint of tìe dominant hand was significantly stiffer in opposition (p ( .005).
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This is consistent with use of the dominant thumb in sewing, in which the first

metacarpal is abducted to allow a needle to be held between the tips of the thumb

and index finger. The incidence of osteo-arthrosis of the T-M1 joint was signifi-

cantly higher on the dominant side (p < .005).

3. There were 70 T.Ml joints in the musicians group. Nosignificantrelationshipwas

found between occupational use and the range or quality of the physiological

movements, but there was a trend (p ( .05) with increased use towards stiffness

in the accessory movements not regularly exercised during their ocæupation as

musicians. These movements were distraction, antero-posterior and lateral gliding.

Occupational use was significantty related to a change in the quality of antero-

posterior gliding (p ( .0001) and lateral gliding (p (.005) while all other acces'

sory movements showed a trend towards a higher incidence of abnormal scores

(p ( .05).

Forty per cent of the musicians were in the 20-29 years age group: of these

367o had radiological evidence of osteo-arthrosis of the T-Ml ¡o¡nt, r¡s¡ng to 100%

by the fifth decade. There was a significant relationship between occupational use

and osteo-arthrosis of the T-Ml joint (e < .0001).

Differences in mobility of the T-Ml joints between the left and right thumbs

were consistent with the position in which the thumbs are held during playing of

the violin, viola and 'cello. ln fine stabilisation of the bow, the right thumb is op'

posed to the middle finger, and results showed the right T-M1 joints to be signifi'

cantly more mobile in opposition, postero-anterior and medial gliding (p ( .005).

No significant difference was found between the two sides in the incidence of

osteo-arürrosis of the T-M I joint.

6.76 ln the whole sample of 492 thumbs, stiffness in the T-Ml io¡nt was not associated

with compensatory íncreased mobiliry in its adiacent loints, or vice versa.

Stiffness in the T-Ml joint was associated with stiffness in the other trapezial

art¡culat¡ons. This was significant for trapezio-M2 antero-poster¡or gliding, trapezio'

trapezoid antero.posterior and posteroanterior gliding (p ( .0001), and with the ex'

ception of postero.anterior gliding of the trapezioscaphoid joint, a trend was shown

for the other accessory movement tests (p ( .05).

6.77 The association between osteopenia and menstrual status could not be asessed as

there were only six cases'of osteopen¡a.

Analyses performed to assess the relat¡onship between menstrual status and osteo'

arthrosis of the T.Ml joint, independent of aç, suggest ütat Úre presence of active

menstruation is a significant factor in lowering the incidence of osteo-arthrosis (p (
.OOl). Reports in the literature, based on case histories, (Aune, 1955; Eiken and

CarstÍ¡m, 1970; Sims and Bentley, 1970) state that due to hormonal imbalance osteo'

arthrosis of the T-Ml joint is more common in post-menopausal women. The finding

of the present study do not support thís assertion as the incidence of osteo-arthrosis

of the T.M1 joint in older {40-59 years of age) menopausal/post-menopausal/post'

hysterectomy women (69%) was similar to that of men of the same age (667o).



CHAPTER VII
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SUMMARY OF AUTHOR'S MAIN CONTRIBUTIONS

The author's contributions to T-Ml joint studies are in three main fields reported in detail

in Chapters lV, V and Vl. This summary is provided to specify more clearly the author's new

findings derived from the present study.

The anatomical study (Chapter lV), as far as is known, the most extens¡ve yet carried out,

provided the following results:

- confirmation of the structural features of the joint as described in briefer reports while

providing more detailed information on ligamentous attachments (Chapter lll)

- a new dimension of information on passive movements based on a radíological study of five

movements

- information on the function of ligaments in limiting movements based on severing one

ligament and carefully measuring any resultant effect on the range of movements.

While all four ligaments exert a co-ordinated control over individual movements this study

reports the major limiting functions of each ligament:

. anterior oblique ligament limits extension and medial rotatíon of M1

. posterior oblique ligament limits opposition and contributes to the control of abduc-

tion
. first inter-metacarpal ligament restr¡cts abduction of M1 and controls lateral rotation

when Ml is ín extension-adduction, extension-abduction or palmar-abduction

o dorso-radial ligament controls medial rotation when M1 is in palmar-abduction or

opposition

- degenerative changes found in the jo¡nt cartilage at a surprisingly early age were stained and

photographed. This provides the first deta¡led report of such findings and confirms that

the antero-lateral, lateral and medial aspects of the trapezial and the poster¡or aspect of the

metacarpal cartilage are the most common sites of fibrillation.

The osteometric study (Chapter V), based on measuring the articular surfaces, cartilage in

situ, of 23 T-Ml joints used a new accurate grid method providing a three dimensional depic'

tion of articular surface contour. Data obtained by the grid method were used to measure

for the first time geometrical features of the articular surfaces. The main findings were:

o the mean angle between the two axes (ridge and groove) on the trapezial surface was

680 compared with 83o on the metacarpal surface. The discrepancy between the

angle of the axes on the two surfaces helps to explain coniunct rotation during move-

ments of M1

o the medio-lateral axis was found to be s¡gnificantly longer on M1 (p (.01)which

would permit M1 to roll on the underlying trapezial surface during abduction and

adduction

o the surface area of the quadrants showed asymmetry in that on the trapezium t}ìe

postero-medíal and antero-lateral quadrants were the largest while on the metacarpal

the two lateral quadrants were the larger. Disproportionate sizes of the quadrants

were considered to facilitate accessory movements of M 1 .
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Accurate measurement of the shape of the articular surfaces forms the basis for calculation of

their congruity. The grid method of measurement showed sufficient accuracy to ionfidently

recommend its use in future stud¡es of joint congruence.

The clinical study (Chapter Vl) is the first detailed general clinical study reported and

provides new information on the T-M1 joint and the relationship of its mobility to a number

of factors including occupation and osteo-arthrosis. The T-M1 joints (N=492) wereexamined

using a questionnaire, radiological and clinical procedures. To allow for cumulative error in

analyses involving several movements of the T-M| joint a conseruative per test enor rate of
p 1.005 was adopted.

The author's principal findings were:

- in the 174 joints comprising the non-clinical ('medically normal') group the mean for each

of the three ranges of physiological movements was established. Each movement showed a

similar incidence (15-187o) of abnormal quality scores. Of the seven passive accessory move'

ments measured, postero-anterior gliding recorded the h¡ghest incidence of stiff scores (43%)

and lateral glíding the h¡ghest incidence of hypermobile scores l29%.l. The quality of move'

ment was more frequently abnormal in postero-anterior and antero-posterior gliding. Th¡rty'

eight {.22%l joints exhibited dorso-lateral instabil¡ty.

- in a study of the relationship of specific demographic variables to T-M1 ioint mobility and

osteo-arth rosis:

a

o

a

a

females were significantly more mobile for opposition (p ( .005) while males had a

significantly greater mean range of extension and palmar-abduction (p ( .0001)

movements of the T-M1 joint became significantly stiffer with advancing age (p <
.005) and ageing had a more marked effect on the accessory movements than the

physiological movements. The incidence of osteo-arthrosis was also significantly

associated with advancing age (p < .00001)

a significantly hígher incidence of moderate/marked osteo-arthrosis was found in

T-Ml joints w¡th a past history of pain (p ( .001)

cumulative use of the thumb was significantly related to a decrease in the range of

accessory movements (p ( .005) (the exception was postero-anterior gliding) and an

increase in the incidence of abnormal quality scores ¡n both the accessory and physio'

logical movements (p ( .005). This was seen most clearly after 20 years of use.

Thumb use was significantly related to the incidence of osteo-arthrosis (p ( .00001 )

whích was seen to rise after 15 years of use.

a significant relationship was noted between peri-articular thickening and osteo'

arthrosis of the T-M 1 joint (n <.00001 ).

a

- sixty-six T-M1 joints formed the sample from individuals exhibiting generalised peripheral

joint hypermobility. Dorso-lateral ¡nstab¡lity was a significantly more frequent fínding

than in the non-clinical group (p ( .0005). A specífic comparison between the two groups,
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of female joints aged between 20-29 years, showed a tendency for the hypermobile group

to be more mobile in the three physiological movements (p ( .05), but to be significantly

more mobile in the accessory movements of lateral gliding, medial rotation and distraction

(p ( .005).

- consistently different usage of the thumbs formed the basis of the choice of the three occu'

patíonal groups studied (manipulative therapists, tailors and dressmakers, players of violin,

viola or'cello):
. occupational effects in the 72 T-M1 joints comprising the tailors and dressmakers

group were assessed by comparing the dominant with the non-dominant thumb.

The T-Ml jo¡nt of the dominant thumb was significantly stiffer in opposition (p(
,005). This is consistent w¡th constant abduction of M1 in holding a needle for

sewing. Osteo-arthrosis was a significantly more frequent finding in the dominant

T-Ml joint (p (.005)
o differences in the mobility of the left and right thumbs in the 35 musicians examined

were consistent with the position in which the thumbs are held during the playing of

the violin, viola and 'cello. Right T-M1 joints (involved in fine stabilisation of the

bow) were found to be significantly more mobile in opposition and its accessory com'

ponents, postero-anterior and medial gliding (p ( .005). The incidence of abnormal

quality scores for antero-posterior and lateral gliding rose signifícantly with occupa'

tional use (p ( .00001, p ( .00005). Further there was a trend for these two move'

ments to become stiffer with use (p ( .05). These accessory movements are associ-

ated with extension, a movement not regularly exercised by these musicians. The

incidence and degree of osteo.arthrosis rose significantly with increasing use (p (
, .OOO1). Forty per cent of the musicians were in the 20-29 years agecategory andof

these 367o had radiological evidence of osteo-arthrosis. This high incidence of osteo-

arthrosis may well be related to long hours of occupational use from an early age,

subjecting the cartilage of the T-M1 joint to compressive forces for long periods.

- in the osteo-arthrotic group comprising 198 T-M1 joints:

. the concept that dorso-lateral instability is secondary to osteo-arthrosis was not sup'

ported, no significant difference being found between the osteo-arthrotic group and

the non-clinical group in the incidence of instability

o a significant increase in the number of stiff scores for distraction, antero'posterior,

medial and lateral gliding (p (.001) and in the incidence of abnormal quality scores

for both the physiological and accessory movements (p ( .005) was found in those

joints exh¡biting moderate/marked osteo-arthrosis when compared with the non-

clinical group

o the earliest radiological evidence of osteo-arthrosis was most frequently seen on the

dorso-lateral aspect of the trapezial surface. As T-Ml joint osteo'arthrosis became

more marked, so did the incidence of involvement of the other trapezial articulations

. a regular menstrual cycle was found to be a significant factor in lowering the incidence

of osteo-arthrosisof theT-M1 joint(O<.001). lntheolderagegroup(40'59years)a

similar incidence of osteo-arthrosis was found in menopausal/post'menopausal/post'

hysterectomy women (68%) and men (66%).
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APPENDIX I

The Universal Measuring Apparatus

The Universal Measuring Apparatus (Model Type MU'2148) is manufactured by Sociátá

Genevoise D'lnstruments de Physique.

The main body of the apparatus is illustrated in Figure A together w¡th deta¡ls of the main

components. The prime function of this assembly is to províde movement in three mutually

perpendicular axes. The locating of poínts on these planes is achieved by a system of auxiliary

scates and micrometer mícroscopes, providing for precise measurement.

Component Parts of Figure A.

1. Main bed

2. Longitudinal carriage

3. Transversal slide

4. Tool holder

5. Handwheel of 2

6. Gear housing of 5 and 7

7. Fine setting of 2

L Auxiliary scale of 2

9. Protection striP

10. Microscope of 2

12. Rubber f¡tting

13. Focussing of 10

15. Microscope of 3

Component Parts of Figure B

4. Tool holder

32. lnterchangeable diaPhragms

35. lllumination device of locating microscope

37. Stop for vertical microscoPe

47. Hinged arm of 35

62. Cast iron table

63.) This item replaced with cast iron

64.) table.

65.)

Handwheel of 3

Fine setting of 3

Protection glass

Auxiliary scale of 3

Handle of 20

Cover of 9

Housing of longitudinal scale

This item replaced with vertical

measuring microscope.

Clamp

Feeler (metal stylus)

Clamp of microscoPe to 37

Knob for raising 107

Clamp for micrometer

Cover plate

Objective of vertical microscope

16.

17.

18.

19.

21.

27.

28.

36.)

38.)

The apparatus is capable of a wide variety of measuring applications and for th¡s study two

accessories were used in coniunction with the basic apparatus, namely the vertical measuring

microscope and the cast iron table.

A more detailed drawing of the component known as the Vertical Measuring Microscope

is illustrated in Figure B.

100.

107.

125.

127.

128.

129.

130.
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Figure A. The Univer¡al Measuring Apparatur (see text for detallsl
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Figure B. Deta¡ls of th€ Vert¡cål Measrring Microscope
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Operation of the Apparatus and Method of Taking Readings

Each specimen was set in a block of plaster of Paris which was clamped firmly to the table

as shown in Figure 8-62. By turning the handwheel (Figure A'5) the table was then located

in the correct posítion of the X-axis, find adjustments being achieved by use of the control

knob (Figure A-7).

A similar procedure was then adopted to locate the ordinate on the Y.axis (üris time ap'

proximating the position by using the handwheel (Fígure A.16) and fine control knob (Figure

A-17).

The increments of the X.Y axes were made at intervals of 0.050 inch.

During the re-locating of the X and Y axes, the metal stylus (Figure B'107) was raised and

lowered again when the new ordinates had been located. The pressure of Úre metal stylus is

low (approximately 2.5 oz = 70g) making this device suitable for measuring small alterations

in the Z.axis with minimal deformatíon of the surface. Repetition of the readings gave an error

rate t 0.0004 inch.

The procedure for reading of the microscopes ís given below

Method of reading X and Y axes

Two microscopes are shown in Figure A, one for the X-axis (number 10) and one for the

Y-axis (number 15).

The procedure for accurately determining the position on these two axes was by reference

to the auxiliary scale (X-axis (8) and Y-axis (19) ).

A typical reading is as shown in Figure C where the position of the scale reads 2.3 inch.

Figurc C. Reading on auxiliary ¡c¡lc
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To establ¡sh the value of the reading beyond the tenth unit, reference was made to the

appropriate microscope. By viewing the eyepiece a typ¡cal value would be as shown in Figure

D.

Reading:
Auxiliary scale

Reticle
Limb

x, y243Íl ln. x, y74ilÍl in.

Figurc D. Reading on rrticlc and limb

As can be seen, the line 'U' is sitting on the graduat¡ons 217, therelore reference is again

made to the auxiliary scale. The index is seen to be lying between the values 2.35 inch and

2.40 inch, therefore the selected value from the microscope must be 2.370 inch and not 2.320

inch. By further inspection, the small window on the right displays a reading 433. Therefore

the reading is taken as follows:

U

x,v or x.y
20 70

433433

-42
_43

-44

-45

ll
7

3
il
I

4
il
9

01
llilll l

56
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Auxiliary Scale

Reticle

Limb

2.3---
.07

.00433

2.37¿lÍ13 inch

Method of reading the Z-axis

The readings taken in the Z.axis differ slightly in method as there is no auxiliary scale to

which to refer ¡n¡tíally. However, the procedure is similar and is described below in reference

to Figure E

Figure E

By víewing vert¡cally down through the eyepiece (Figure B) the scales illustrated in Figure E

can be seen. The method of reading is as follows: the value of the tenths is noted first (0.60

inch). As this is .lying on the graduation 1, the correct value is 0.610 inch. By referring to üte

timb, in the right hand window, the value is seen to b€ 435. Therefore the complete reading is:

0.610

.00435

0.61¡lÍ15 inch

These readings provide very accurate dimensions (0.00001 inch), however it must be pointed

out that this is the instrument reading and does not necessarily suggest that every component

measured is correct to the same order of accuracy. Error of measurement studies were per'

formed on the repeatability of Z scores at given co-ordinates, (error rate t 0.0004 inchl.
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APPENDIX II

Ordinate Vatue¡ for the T¡apezial Articular Surface (Specimen No. 1l

lndicating grid sections at 0.050" spacing Mag. x 10
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APPENDIX III

o Computer Programme CURV3D (for calculating the arc length of curves

on the articular surface)

. calculation of the arc length of the circle of radius

o calculation of the arc lengith of the helix



" " 
t 

no*oÀu euRv' 3D ( .DATA, ouTPUT' RESUIT I TAPE I -GDATÀr TAPE 2'ourPUr)

DtrENsroN x t zo l,v t2ùl,zt to¡'* t tõíiti iiöóilsii19o i' sv t lo0l'sz ( 4001

DTMENSToN c ttö I íi : 
-ði' 

iãòt;åó ri I'öi ( ioo)'ov (400)'Dz ({00)

æccc READ(1,r)N,t'l
æõõõ nanoir,'i (x (r) .Y(r) .z (r),r=l,N)

CÀLL READER(X,Y, Z,N,II}
T(Il=0-
wRIrE(2,20I) (x(I),I=l,N)
r{RITE(2,202) (Y(I),I=I,N)
wRIrE 12,2o3l (z (I) , I=l.N)

c*r.r erño le¡¡ctri ór cnonos BETI'|EEN NoDEs

CALL CLENG,fH (X ,Y ,2.T. N,N)
WRITE(2,204) (T(I),I=l,Nl

cr.¡. ¡.ri sptrr¡eè io' x=x (T) .Y=Y (r) , z-z (t)
Il K=l

0(K)=0.
Do 19 l=2,N
ll=(T(I)-T(I-r))/l{
Do 19 J=l,M
K=K+l
U(K)=T(I-l)+JtH

19 CONTINUE

204 FoRHÀT(/l3tlcfloRD LENGTH ' ?o (F5'2 'lxl )

205 FoRMAT(,/r3H nñó iÈl¡ets , 2o(F5'2'lx) )

ãõã Ëóä¡,¡äiiTzor¡ rctnL ARc LENGTn - ' Fe'6)
END
SUBROUTINE CLENGT¡I (X,Y,Z,T,N'K)
orr.leù¡srol'¡ x(K),Y (K) .Z (K)'T (N)

M=K/N
SUI'I=0 .0

"ri"l3rü;3¡år,, * (r ) -x r r-r ) ) * 2+ (v (r ) -Y (r-r ) t " 2+ l?'(r ) -z (J-r ) ) *2 )

r= (J-t ) /¡l
IF (L*t'|,. EC.J-f ) T (L+l ¡ =5s¡¡

19 CONTINUE
RETURN
END
ãõÁnoutrNe REÀDER(x,Y,z,NiM) -.-^óimiñéior¡ x(20) ,v(20) ,z(20) ,r(20)
rH=AsrN(r.0)/4.0
A=0.
R=l
N=I?
DO 19 I-l.N
t(I)-(I-ll¡TH
X(I)=R*CoS¡1(I))

. Y(I)=R*SIN(1(I))
z(I)=A*T(1)

19 CONTINUE
M=I0
RElURN
END
SUDROUTINE CLOUAD (DX, DY, DZ' T' Sf 'N'I'I' KI4AX}

Drr.'tENSroN Dx (KMAX),Dv (KMÀx)'oz tút'iÁii',T(N)',sÎ(N)',v(400)
D3 19 K=l.KMAX
vixi=sont (DX (il r'2+Dv (K) t*2+DZ (K) *r2)

19 CONTINUE
DO 49 I=2,N
K=0
S2=0.
54=0.
LAST=I
DO 29 J=2,14,2
K=K+2
s4=s4+V (K)
S2=S2+v (K+Il

29 CONTTNUE
IST=LAST

!iìï:Tì (rsr) +4rs4+ z'sz-v(LAsr) ¡ r 1r(r) -r(r-t) ) /(3ru) +sr (I-I) d
49 CONTINUE

RETURN
END

/

crt¡.
B

ctr*r

crr rr

=0.
=0.
=(¡.

P(l
P(2
P(3

B

B

BP(4
CÀLL
CALL
CALL
CÀLL
CALL
CÀLL
CALL
CÀLL
CALL

rN=r(N)
CALL CLENGTÍI (sx,sY,sz,T,N,K)
IÌRITE (2, 204) (T (Il,I=l.N)
in tead tin-titll I.Gr.lE-6) co ro ll

=0.
ICSICU (T, X,N, BP 

' 
C,20 , IER)

rcsEvu iÎ,X,N ,c,2o,tJ,SX,K,rER) - ---.
DCSEVU it, X,T¡,C,20 , U, DX,K, DX2, I ' IER)
rcsrcu (T,Y,N,8P,C,20, rER)
ICSEVU it,y,t¡,c,20,tJ,Sy,K,rER) - ---.
Dõsevu it,v,¡¡,c, 20,u,DY,K,DY2,r'rER)
rcsrcu (T, Z,N,BP,c, 20, rER)
iósnvu ir, z,¡¡,c. 20,u,sz,K, rERl 

-
óðsgùu it, z,H,c, 2o,u,Dz,K,Dzz,r,rER)

ST(l)=g'
CÀLL CLOUAD (DX, DY,DZ,T,S1,N,M,K)
WRITE (2,2051 (ST(I),1=I ,N)
!{Rl.IE (2,206) sr (N)
STOP

201 FORMÀT(rHl,r3tl x '20(F5'2'lX)
ãõã i'ónmÁtitu , trn Y ,2o (Fs'2'rx)
ãõ; FóRMA'iirrr,r¡tr ?' '20(Fs'2'lxl



A.

oloRD LENGÎH 0.00 .39 .78 l'l?

cHoRD LENGTII 0.00 -35 .?l 1'06

cIloRD LENGTÍI 0.00 .35 .7I l'06

cHoRD LENGfll 0.00 .35 .?I I'06

ARC LENGTII O.OO .39 .?8 I.I8

TOTAL ÀRC LENGTH . 6.2.16575
.399 CP SECONDS EXECUTION TIHE

B. r,lso

ftn ( I'curv3d. l'0 I
.686 CP SECONDS COI.IPILÀTIOI¡ TIHE

(tno x r. oo
Y 0.00
z 0.00 0.

92 ,71 .38
38 .?l .92 I
00 0.00 0.00 0

00
00
00

l. s6

t.4l
1.4r

r.41

t .5?

-.38
.92

0.00

I .95

t,17

L.77

t.77

t .96

-. ?r
.?l

0 .00

2.34

2.r2

2.I2

2.12

2.35

-.92
.38

0.00

2.73

2.41

2.r7

2.47

2.'14

-r .00
-.00
0.00

3.L2

2.83

2.81

2.81

3.14

3.51

3 .18

3. r8

3.r8

3.53

3.90

3. s3

3.53

3 .53

1.92

r.29

3.89

3 .89

3.89

4 .31

4.68

4.24

4.21

t.24

4.71

5.07

4 .59

4 .59

4 .59

s.l0

. .71
-.?l
0 .00

5.46

4.95

{ .95

¿'.gs

5.49

.92
-.38
0.00

5.85

5.30

5.30

s. 30

5.88

I .00
.00

0.00

6.24

5.6s

5.65

5.65

6.28

-.92
-. 38
0.00 0

7l -.38 -.00
?l -.92 -I.00
o0 0.00 0.00

.38
-.92
0.00

I x 1.00
v 0.00
z 0.00

cBoRD LENGTH 0.00 .39 .?8 1.r? 1.56 I'95 2'34 2'73

cHoRD LENGTH 0.00 .35 .?0 1.06 l.4l 1'?6 2'L2 2'47

G|ORD LENGTH 0.00 .35 .?0 1.06 l'4I l'76 2'L2 2'17

croRD LENGTH 0.00 .35 .70 1-06 I.41 I'?6 2'L2 2'47

cHoRD LENGTÍ| 0.00 .35 .?0 I.06 1.ll l'?6 2'12 2'41

cfloRD LENGTH 0.00 .35 -?o r.06 t'4I I'?6 2'12 2'47

GtoRD LENGTH 0.00 .35 .?0 1.06 l.{l' I'?6 2'L2 2'47

ÀRC LENGTII 0.00 .39 .?8 I..r8 1.5? r'96 2'35 2'74

TOTAL ARC LENGTH = 6-273588
B8ADY.

Calculation of Arc Lengdt
A. aPPlied to the clrcle of radlu¡
B.applledtothoc¡rcleofradlu¡ldataroundedtotwodeclmalplaces}

0.

92 .?l .38 0.00 --38 -.?l '.92
38 .?r .92 I.00 .92 .7r '38
00 o.o0 0.00 o.oo 0.00 0-00 0'00

-.71
-.71
0.00

-1.00
0.00
0.00

3. r2

2.82

2.83

2.83

2.83

2.83

2.83

3.1{

3. 51

3 .18

3.r0

3 .18

3.18

3 .IB

3.r8

3.53

3 .90

3.s3

3.53

3.53

3 .53

3. s3

3.53

1.92

-. 38
-.92
0.00

4.29

3.88

3.88

3.88

3 .88

3 .88

3.88

4 .31

0.00
-1.00
0,00

¿ .68

4.24

^.24
4.24

4.24

4.24

4.24

4. ?0

.38
-.92
0 .00

5.07

4 .59

4 .59

4.59

4.59

4. s9

4.59

5.10

.71
-.7r
0.00

5.46

t.94

4 .94

4.94

4.94

t.9¿

4 .94

5.49

5 .85

5.29

5.29

5.29

5.29

5.29

5.29

5.88

r.00
0.00
0 .00

6.24

5.65

5.65

5. 65

5.65

5 .65

5.65

6.27

-.92
-.38
0.00 0

92
38
00

{(o



A fÈn ( t -curv3d, I-0 )
.68I CP SECONDS COI.IPILÀTION TIME

AqoI x
v
2

I .00 .92 .71 .38
0.00 .38 .71 .92
0.00 .79 1.57 2. 36

-. 38
.92

3.93

-.00
1.00
3.14

3.51

3. t6

3.16

3.16

3 .5t

4.38

3.95

3.95

3.95

| .39

-.71 - .92
.71 . 38

l.7r 5. 50

5.26 6. 14

t.74 5.53

1.74 5.53

r.74 5.53

5.27 6.1{

-1.00
-.00
6.28

7.02

6.32

6.32

6.32

7.02

-. ?t
-. ?1
? .85

8.'t7

7.90

7.90

?.90

8.78

-.38 -.00 .38 . ?t .92 r.00
-.92 -1.00 -.92 -.?t -.38 .00
8.64 9.42 10.21 11.00 11.78 12.37

9.65 10.s2 I1.40 12.28 I3.15 14.03

8.69 9.48 10.27 II.06 11.85 12.64

8.69 9.48 t0.2? 11.06 I1.85 I2.6{

8 .69 9 .48 r0 .2't LL.06 rI .8s 12.64

9.66 I0.53 lt.4l r2.29 13.17 I4.05

-.30 0.00 .38 .7t .92 1.00
-.92 -r.00 -.92 -.71 -.38 0.00
8.6{ 9.42 I0.21 1I.00 tl.?8 r2.5?

9.65 10.52 11.40 12.28 13.r5 I{.03

8.69 9.48 r0.2? rt.06 rr.85 12.6{

8.69 9.48 10.27 LL.06 r1.85 r2.64

8.69 9.48 10.27 11.06 1r.86 t2.64

8.69 9.48 l0 .27 LL.06 Ir .86 r2.64

8.69 9.48 r0.2? r1.06 rt.B6 r2.64

8.69 9.48 r0.2? rr.06 rr.86 r2.64

8.69 9.48 10.27 LL.06 1t.86 r2.64

9.65 10.53 lr.{l 12.28 13.17 l{.0s

-1.00
0 .00
6 .28

7 .01

6.32

6.32

6.32

6.32

6.32

6.32

6.32

7.02

-.92
-. 38
7.07

7. 89

7. tl
7.lr
7. rt
7 .90

-.92
-. 38
7.0'l

? .89

?.tr
7. rt
?.lt
?.rl
7. tl
7 .II
7. rl
? .90

o¡oRD LENGTH 0.00 .88 1.75 2.63

cüoRD Í.ENGTH 0.00 .'19 I .58 2.37

(IORD LENclfl 0.00 .79 I.58 2.37

otoRD LENGTH 0.00 .79 1.58 2.37

ARC LENGTH 0.00 .88 I.76 2.63

TOTAL ARC LENGTH - 11.04676I
.408 CP SECONDS EXECUTION TIHE

B. x, lqo

I I.00 .92 .71 . 38 0.00
0.00 . 3rì .7I .92 1.00
0 .00 .'t9 I .57 2.36 3. r{

croRD LENGTÍ| 0.00 .88 I .75 2 .63 3 .51

cfloRD LENGTIT 0.00 .79 I.58 2.37 3.16

croRD LENGTH 0. 00 .79 I . 58 2.1't 3 . 16

cfroRD LENGTH 0.00 .'19 I . 58 2.37 3 .16

cHoRD LENGTH 0.00 .?9 l.58 2.37 3.16

cfloRD LENGTH 0.00 .'19 I.58 2.17 3.16

cHoRD LENGTH 0.00 .79 I.5B 2.37 3.16

clroRD LENGTH 0.00 .'19 I . 58 2.37 3 . t6

ARC LENGTH 0.00 .88 I.?5 2.64 3.51

ToTAL ÀRC LENGTH ' 14.0465?9
REÀDY.

Calculatlon of Arc Length
A. applied to tho hel¡x
B. applied to tho hel¡x ldata rounded to two dec¡mal placesl

-. 38
.92

3.93

{ .39

3 .95

3 .95

3 .9s

3.9s

3.95

3 .95

3.95

| .39

-.?r
.?l

{. ?r

5.26

{.?{
4.74

4.74

4.?4

t.74

4.74

r.74

5.27

6.1{

5. 53

5.53

5.53

5.53

5.53

5.53

5.53

6.I{

8.?6

? .90

7 .90

7.90

7 .90

7 .90

? .90

7.90

8. ?8

-.92
.38

5. 50

-.7I
-. ?r
7.85

x
Y
z

@o
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APPENDIX IV

o Computer Programme SAREA

. data for Articular Surfaces of Specimen No. 1



et,sarea

IEÀDY.
ist. fosarea

79/ll/21. 09.50.27.
)ROGRÀH SAREÀ

PROGRÀI,ISÀREAIBONE,RESULT,OUTPUT.TAPET-BONE.TITPE2-RESULTI.tItI CÀICULATEd SORFACE AREÀ BY TR¡TNSFORMING SS I DS TO TIIE
,r¡r¡ nepEAr!:D TNTEGR^L ss F(x'ii ovox:-!(I:Yl-lloRT(l+DzlDNrt2+DzlDvr'2ll

coMuoN xräö,ãõi-,itzo,zoI,ztzo'20)'K(20'2¡'xl{EsH'vllEsrl
órrieNsroH R(20) ,u(20) ,v(20) .F(20) ,c(6)

't¡r¡ ron ¡HtecR iióÑ uôn Ñ ¡¡i¡oes rÑ x-o¡Rl¡"H NoDEs rN v-DrRN'
t..I¡ READ DÀTÀ --(NOTE:N,H I{ÀY BE ODD OR EVEN )--

nEÀD(l . Úl N,l{,xMEsll.vuasfl,NU}IBER
DCt 09 I.I.N
RE^D(l,rl K(r,ll,K(t,2)
KJt=K(I,l)
KI2=K(I,21
ñÈÃoti.¡l' tx(t,Jt. v(r,Jt, z(r,Jt, J-Krl'Kr2l

I2 rF(EoF(rl .NE.0l ÍlRrrE (2'2001
O9 CONTfNUE

NHI=N-l
ùril I =M- I
HRTTE (2,20II NUMBER
Do 19 I=l.N
I¡RITE (2,2021 (xlI,Jl,J=I,M)
t{RITE(2,2031 (Y(I,J),J=l,Hl
IJRITE (2.204) (z (I.J),J=I.ll|

19 CONTINUE
r{RI18(2.206)

C¡'¡T CARRY-OUT INTEGRATTONS IN Y-DIRECTION IÍIEN INTEGRÀTE IN X-DIRECT2ON

rl-xlt.Klt,l))
12=X (N, K lN, l) I
CALL RNCOES ITI .T2,U,N,[lXl
R(Il=0'
RlNl-0'
DO 39 f=l,N

29 CONTTNUE

C,ILL srilPsoN (HI,F,M.S)
R(I)=S

39 CONTINUE
CÀLf¡ TR PEzE f tlX, R, N, Sl
llRt'rE (2, 205) NUllBER,s
fiRITE(2.2061
STOP

200FoR}tÀT(55HctlEcKDÀTAINPuT.ENDoFFILE.DETECTEDAISrIÀTEHENTI2)
tõr ¡'óiMÀiirt¡r,¡zu-ituu¡n rRÀPEZro-HETACARPAL JorNr /

+52¡ISTUDYoFARTICuLÀRsURFÀcEsoFUNEMBALHEDSPECIHENS/
+ 2IH DÀl'À OOR BONE NUMBER , AIO I

202 FORIIÀT(2ll0x.r2 (F9.3.1X) I
203 8oRr,rÀr(2il v,12 (F9.3,rX) I
201 FoRMAT(2H 2,12(F9.3.lXl I
205 FSRHAT(f$g/f2ttliBóÑe-NuúBnn,Àl0,9x.I2HSpRFACE AREA,FB'{'8H s0'INctl¡
206 FORMÀT (tHl)

ENO
suBRourrN8 RNODES (A.B,X.N.Hl
DI14ENS ION X (N ¡
H- tB_A) / (N-r I
ç_ ¡ O+Àl /2
X(l¡-¡
Do 9 I-2,N
x(I)=À+lI-I¡r¡

9 CONTINUE
RETURN
END
SUBROUTTNE SII{PSON (H , F,N, S}
Dn{ENSTON F(Nl
SUM{=0.
SUll2-0.
DO 19 I.3.N,2
SUg¡t-SUH{+F ( I-I I
sUM2-sUü2+F ( I I

19 CONIÍNUE
s =F ( I ) +/¡ iSUUI+2rsult2-F (N )
S=8,/3 rS
[{RIrE 12,2221 s, (F(Il,I-l.Nl

222 FORHAil22noir}{PSONTS RULE GfvBs,Plo-l/6H
RETURN
END
SUBROUTINE TRÀPEZE (H'F.N,SI
DIMENSION F(N}
s_0.5. (F(tl+F(N¡ )
Do 19 I-3,N
s=s+F ( r-l )

19 CONÎINUE
S=H¡S
IiRITE 12.2221 S. (F(l¡,I-I,N)

FRott ,12(IX,F9.3))
XI=¡l I I Iy¡-llIrK(
Y2=Y(1,K(
rFlYl.Eo.

IrI
lr2
v2t

)l
ll
GO To 39

CI\LL RNoDES (Y l,Y2,V,H,tlYl
DO 29 J=l,M
YJ-vlJl
CALL QUÀDRIC(XI,YJ,C, I,J.N)
DZDX=2rC ( t ¡ ¡xI+C (21 rYJ+C ({)
DZDY=2rC (3) rYJ+c {2)'xI+C (51
F (Jt =SaRi (i.or (ozoxt ¡ r2+ (DzDv) r'21

co
N



222

crrrr
cr.rr

ccccc
234
l9

ccccc

FORITTAT(22H0TRApEZrUlt RUt,E cMS,EL0,1/6H FRoM,I2(l¡(.F9.3))
RE.TURN

END
suBnouTINE oUADRIC (U,V,C,I,J.NX)
CO¡'IMON X(20,20) ,y(20,201 ,7, 120,201 ,K (2O,2I ,XMESH,YHESH

sEtEcrs 6 poINTs NEARESÎ TO p(U,V) FROr DÀTA AND CÀLCULAÎES
COEFFTCIENTS OF OU¡IDRIC Z-ÀX2+BXy+CX2+DX+EY+F THROUGH THEll.

Dr!,|ENSrON D (60 l, XX (60 ),yf 160l,ZZ(60 ),AM (6, 6l,c (6 ),I{KAREA ( 100}
N=0
IM=AHÀX0 (I-2, fl
IP=Al.lIN0 (IM+4 , NX)
DO 19 L=IM.IP
JHI=K lL, I)
JPI=KfL,2l
Do 19 H=JMI.JPl
DX=U-X (L,ùll
DI=V-Y(L,M)
IF(¡\BS (Dxì .Gr,2.lrXMESH.OR.ABS(Dv) .GT.2.ItYllEStl) GO TO 19
N=N+I
D (Nl =SORT (DXTDX+DYrDYl
XX (N) =X (L,M)
YI(N)=v¡¡,¡¡
zz (N) =z (L,M)
l{RrrE (2,234) XX (N) ,yy (N) ,ZZ (Nl ,D(Nl
FOR|4AT(5H XYZD,4(2X,F9.3) I
CONTI NUE

IF(N.GT.6) CALL SORTER(D,XX,YY,EZ,N)
[{RI,tE (2,234 ) (XX (gl ,yy (M) ,ZZlytl ,D(M) ,l¡-1,¡¡¡
rF(N.LT.6) r,¡RrTE(2.20I) N
NCALLS=l
DO 29 M=1.6
AM(M.l)=xXlHlrr2

ccccc !{RITE (

I =xx (Ml ùYY (M)
) =yY (M) tr2
) =xX (H)
) =YY lHl
) =r.0
7, (t4l
2,2451 lÀM(t'l,JJ),JJ-1,6),C (lt]

2{5 FORMÀTl6n AM,C ,7 13X,F9.3) )
29 CONTI,NUE

I DGT=0
CALL LEOT2F (AI,I, I,6, 6,C,IDGT,WKÀREA, IER)

CCCCC vlRITE12,2O2l IER.IDcT, (C (Ml ,l.l=I,61
rF (NCALLS.GE.9I STOP99
IF(IER.NE.O) CALL RESORT(D,XX,YY,ZZ,5,N}
NCALLS=NCALLS+I
IF(rER.NE.0) GO rO 2l
RETURN

201 FonMAT(llt0/47| 6 NEAR POTNTS NEEDED FOR oUADRTC,BUT HAVE ONLy,12)
202 FORMAT(7H0 IER -'I3.8tl IDGT - ,T2,26H COEFFICIENTS OF 0UADRIC,

+ 6 (lX , F10.5) l
END
SUBROUTINE SORTER(D,X,Y, Z,N)

cr.r. soRTs N poINTs lx,y,zl INTo oRDER oF INCREÀSING D

DIMENSION D(N) ,X(NI ,YIN) ,Z (N)
DO 29 L=2,N
LüI=L-l
DO 19 K=LLMI
rF (D (r) .GE. D (Kl ) GO TO 19
LMK=L-K
r0=D (L)
Tl=X (L)
r2=Y (L)
T3=Z (t)
DO 9 M=I.LMK
D (L+I-H) -D (L-H)
x lL+l-Ml -x (L-ùl)
Y (L+l-H) =Y (L-ll)
z (L+l-ll) -2 (L-Ml

9 CONTINUE
D(K)=T0
x (K) =rI
Y (Kì =T2
z (K) -13

19 CONTINUE
29 CONÎINUE

RBTURN
END
suBRourrNE REsoRl (D, x,y, z .K.Nl

CTTT* MOVES POINT K TO THE END OF THE ARRÀY
DIMENSION D(N),X(N),Y(N),2(N)
NMI=N- I
T0=D(K)
Tl=X lK)
T2=Y (K)
13=z (Kl
DO 9 M=K,NMI
D (M¡ =¡ 1¡¡*1t
¡( (Ml =x lu+l)
Y (Ml-Y (!l+l)
z(Ml=21Y*1¡

2L

ÀM

AM
ÀM

ÀM

AH
c(

(M.2
(M. 3
(M,4
(M. s
(M, 6
tll -z

9 CONTINUE
D(Nl=T0
X (N) =rI
Y (ll¡ ''¡2
Z (U) -13
RETURN
END

æ(¡¡



I HUMÀN TRAPEZIO-!{ETACARPAL JOINT
STODY OF ARTICULAR SURFÀCES OF ONE!,IBÀLMED SPECIMENS
DATA FOR BONE NUMBERBONE Ml

0x
Y
z

o(
Y
z

0x
Y
z

0x
Y
z

0x
Y
?,

OX

Y
z

0x
Y
z

0x
Y
7,

0x
Y
z

0x
Y
z

0x
v
7r

0x
Y
z

0x
Y
?,

-I
-T
-I

1.600
?.5s0

.431
1.650
7. 550

.466
1.700
7. s50

.48?
1.750
?.550

.503
1.800
7.550

.518
r. 8s0
7.s50

. 518
I.900
7.550

. sI5
1.950

r. 550
7.600

.38r
I.600
7 .600

. 413
1.6s0
7 .600

.444
1.700
7.600

.466
l.?50
7 .600

.486
1.800
?.600

.500
1.850
7 .600

.498
I.900
7.600

.497
r.950

I .550
7 .650

.354
r.600
7.650

.399
r.650
7 .6s0

.429
r.700
7.650

.454
1.?s0
7.650

.4'12
1.800
7.650

. r82
t.8s0
7.6s0

.485
r.900
? .650

.483
r .950

1.550
? .700

.367
1.600
?. ?00

.393
1.650
7.700

.422
t.?00
7.7ù0

.443
1.750
?. ?00

.458
t.800
? .700

.467
r.850
?.?00

.469
r.900
7.700

. 4'10
r.950

2.000
?.700

.4s3
2.050
7 .700

.433
2. r00
?.?00

. l0I
2.r50
7. ?00

.350

-I
-I
-I

I .600
7 .'t50

.390
1.6s0
7 .750

.4r6
r .700
7 .'150

.435
1.7s0
?.?s0

.448
1.800
?.?50

.458
1.8s0
7.'t50

.460
r.900
7.750

.{59
I .950
7.750

.453
2.000
7.750

.439
2.050
7 .750

.4r8
2.100
7.750

.386
2.150
?.?50

. 341

.I
-I
-I

r.600
? .800

.357
r.650
?.800

.419
1.700
7 .800

.437
1.750
7.800

.448
l.800
? .800

.456
1.850
? .800

.459
1.900
7 .800

.4s5
1.950
7.800

.4{8
2.000
?.800

.435
2.050
?.800

.4 r0
2. 100
? .800

.3't9
2.150
7.800

.33{

-I
-I
-I

I .600
7.850

.390
1.6s0
7.8s0

.428
I.700
7 .850

.446
t.?50
7.8s0

.457
I .800
7.850

.461
1.850
7.850

.463
r.900
7.850

.460
1.950
7.850

.45r
2.000
7.850

.435
2 .050
? .850

.414
2. r00
7.8s0

.380
2.150
7.850

.152

.I

.I
-I
-I.I
.I

I.650
? .900

.443
1.700
? .900

.464
r. ?s0
7 .900

.4't5
1.800
? .900

.479
I .8s0
7.900

.477
I.900
? .900

.471
r.950
? .900

.461
2.000
? .900

.445
2.050
7 .900

.422
2.100
7 .900

.386
-l.I
-I

-I
-I
-r
-I.I
.I

I.6s0
7.9s0

.454
1.700
?.950

.483
1.750
7.950

.498
I .800
7.950

. s0t
1.8s0
7.950

.498
I .900
7.950

.49r
r .950
7 .950

.4?B
2.000
7.950

.460
2.050
7.950

.433
2.100
7 .950

.4r0
-I.I
-I

-r.I
-I
-T.I
-I

1.650
7.980

.468
' r.700
8.000

.5r0
1.750
8.000

.519
I .800
8.000

.525
I .850
8.000

.522
I .900
8.000

. 511
I.950
8.000

.496
2.000
8.000

.47 4
2.050
8.000

.457
-I
-I.I
-I.I
.I

-I
-I
-I
-I
-I
-I
-I
-I
-I

r.?00
8.020

.508
r.?50
8.030

.526
I .800
8.050

.536
1.850
8.050

.535
I.900
8.050

.527
1,950
8.050

.503
2.000
8.030

.480
-I
-I
-I.I
.I
-I
-I
-I.I

7.550 7 .
.506

2.000 2.
7.550 7 .

600 ?.650 7 .700
490 . {?8 .465

.491 .479
2.050 2.050 2
?.5s0 7.600 7

. {69 .469
2. t00 2. t00 2

.000

.650

.467

.050

.6s0

.446

.100

000 2
600 7

7. 550
.435

2 . 1.50
7.550

.380

7 .600
.429

2. 150
?.600

. 391

?.650
.4r6

2. 150
? .6s0

.3'16

d¡à



I
OSIMPSONIS RULE GIVES

FROM I.520 l.{52
OSIMPSONIS RULE GIVES

FRoU 1.290 1.25I
OSIMPSONIS RULE GIVES

FRoM L.247 1.202
OSIMPSONIS RULE GIVES

FROM l. 186 l. 13{
OSII,IPSONIS RULE GIVES

FRO!,I I.III 1.098
OSIMPSONIS RULE GIVES

FROM I.057 I.069
OSIMPSONIg RULE GIVES

FRoM t. l0B I .055
OSIMPSON'S RULE GIVES

FROM 1.084 I.051
OSIMPSCNIS RULE GIVES

FROM 1.088 I .055
OSIMPSONIS RULE GIVES

FROt'r l.0r!2 1.049
OSIMPSON¡S RULE GIVES

FRoM r. 150 1.149
OSIMPSONIS RIJLE GIVES

F ROM t. 340 I.258
OSIMPSOIIIS RULB GIVES

FRoM r. ?30 t.3r2
OîRAPEZIUM RULE GIVES

FROM . l4l .428
.42L

0
OBONE NUMBERBONE MI
I
-END OF FILE.

7

SURFACE AREÀ .2958 SO.INCH

.14r3
r.373

.4282
I .251

.5091
t.163

.5296
I. r11

.5193
1.077

.5217
I .0s9

.5221
I. 04I

.5243
1.038

.5314
1.045

.5193
r.079

.5204
l.17{

.50?I
L.227

. ¿l209
r.245

.2958
.509

r. {91

t.242

l. l4{

I .088

1.062

1.03?

I.031

t.030

1.044

I .087

I. I57

r.307

1.385

.530

1.558

r.260

i.1r9
I .058

1.035

1.014

t.005

1.0r3

t.034

1.078

1.16r

r.332

1. {9r

.519

t.477

1.1/¡9

1.095

1.049

1.020

I.007

1.001

1.006

I. O2I

1 .071

r.134

t.200

r.396

.52r

1.511

I.I32
r.244

r .063

l-040

I .029

r.018

r.023

1.038

1.064

l.156

1.26r

1. r76

.522

1.38,1

I.518

1.171

1.112

I.079

I .069

1.059

1.062

1.0?6

I. O9I

1.156

L.252

r.448

.524

t.225

2.0r0

I.205

I.l{2
I.III
I .100

I. TOI

I.088

r.106

r.t27
t.r82

I. IB7

1. ¿31

. s3t

t.257

r.914

1.2{4

L.2'tL

r.090

1.0s8

r.0?6

r.093

1.095

1.099

t. r7l

1.2s5

1.406

.5r9

L.297

r.926

1. 389

t.253

1.428

I.004

I.OII
1.082

l. r84

1.079

t. r24

1.268

r.28¿

.520 .507

@('l



T. HUMÀN TRÀPEZIO-METACARPAL JOINT
STUDY OF ARTICULAR SURFACES OF UNEI{BÀLMED SPECIUENS
DÀ1'A FOR BCNE NUMBERBONE TI
u -r -r -r 1.550 -r

-IY -r -r -r 7.930 -r.I
z -r -r -r .4r8 -r

-I0x -r -r 1.600 1.600 1.600
-I

v -r -r 7 .8?0 7.900 7 .950
-I

z -r -r .363 .392 . {t0
-I

0x -r -r 1.650 1.650 1.650
-I

Y -r -r 7 .850 7 .900 ? .950
-I

z -r -r .344 .373 .393
-I

0x -r r. ?00 r. ?00 I. ?00 l. ?00
-I

Y -r 7.820 7.850 7.900 7.950
-I

z -r. .288 .322 .364 .385
-I

0x -r 1.750 1.750 l.?50 1.750
l.?50

Y -r 7 .820 7 .850 7 .900 ? .950
8.330

z -r .266 .3II .354 .3-t7
.266

0x -r 1.800 1.800 1.800 I.800
I.800

Y -r 7.800 7 .850 7 .900 7 .950
8.320

z -T. .272 .307 .351 .369
.2770x I .850 I .850 1.850 1.850 1.850

-I
Y ?.780 7.800 7.850 7.900 ?.9s0

-I
7, .249 .254 .3lr .352 .368

-I

-I
.I

-I
1.600

8.000

.42L

I .650

8.000

.403

I .700

8.000

.393

1.?s0

8.000

.384

r.800

8.000

.376

I .850

8.000

.3?5

.I

-I
.I

1.600

8.050

.425

1.650

8.050

.407

1.700

8.050

.393

1.750

8.050

.384

r.800

8.050

.377

I .850

8.050

.375

.I

.I

-I
.I

-I
-I

1.650

8. 100

.403

I .700

8.100

.390

r.750

8. r00

.379

I .800

8.100

.372

r .850

8.100

.368

.I

'-r
-I
.I
.I

-I
I .650

B. t50

.389

I .700

8.150

.376

1.750

8. t50

.368

r.800

8. r50

.359

r .850

8.150

.3s3

.I

.I

-t
.I

-r
-I
.I

-I
.I

I .700

8. 200

.357

1.750

8.200

.347

I .800

8.200

.339

1.850

8.200

.332

-T

-r
-I
.I

-I

-I

-I

-I
.I

I.700

8. 250

.33{

r.750

8.250

.322

I.800

8. 250

.310

I .850

8.250

.300

.I

-I
.I

.I

.I

-I
.I

-I

-I

.I

-I

-r
I.750

8.300

.297

I .800

8.300

.2't8

1.850

8. 300

.262
c(I
o)



0x

Y

z

0x

I .900
-I

7.750
-I
.24'l
-I

1.950
-I't.'t50
-I
.2L7
-I

2.000

.268
-I .I
.I

'I.I
-I

-I
-I

-I
-I

-I .I
.I

-I
-I .I
-I .I
.I

-I
-I

-I
-I

-I
-I

1.900

7.800

.273

1.950

7.800

.286

2,000

7 .800

.30?

2.050

7 .800

.142

-I
-I
.I
.I
.I
.I

-I
.I

.I

1.900

7.850

. 318

1.9s0

7 .850

.326

2.000

7.850

.3{4

2.0s0

7 .850

.3?0

2. 100

7.850

. {00

-I
-I
.I

.I

-I

-I

r.900

?.900

.35{

I .950

? .900

.35?

2 .000

7 .900

.3?0

2.050

7.900

.391

2.100

? .900

. {t9

2.150

?.900

.443

.I

.I

.I

1.900

7.950

.373

1.950

7.950

.3?9

2.000

7 .950

.390

2.050

7.9s0

.408

2. I00

7.950

.428

2.150

7.950

. {53

.I

.I

-I

r.900

8.000

.380

1.950

8 .000

.386

2.000

8.000

.398

2 .050

8.000

.4r4

2.100

s.000

.430

2. t50

8.000

.449

.I

-I
.I

I .900

8.050

.377

1.950

8.050

.384

2.000

8.050

.396

2.050

8.0s0

.409

2. r00

8.050

.422

2.150

8.050

.434

2.200

8.050

.448

1.900

8. 100

.369

1.950

8.100

.37{

2.000

8.100

.383

2 .050

8.100

.394

2. t00

8.100

.402

2.150

8. t00

.406

2.200

8.100

. {18

I.900

8.150

.351

I .950

0.r50

.354

2.000

8.150

.361

2.050

8. r50

.368

2.100

8.150

.3? I

2.150

8. 150

.369

2.200

8.1s0

.365

1.900

8.200

.327

1.950

8.200

.121

2.000

8.200

.326

2 .050

8.200

.325

2. r00

8.200

.321

2. r50

8.200

.325

'2.200

8.170

.3{3

1.900

8. 250

.290

I.950

8. 250

.2't9

2.000

8.250

.273

2.050

8.2s0

.2'tL

2. r00

8.250

.28r
.I
.I
.I
.I

-I
.I

1.900

8. 280

.236

I.950

8.270

.247

.I

.I

.I

-I

-I

-f

.I

-I

-I

.I

.I

-I

-r
.I

.I

0x

Y

z

Y

z

v

z

Y

z

-I
7 .770
-I

0x

0x

Y

7'

0x

0x

v

z

I q,{



OSI¡,IPSON'S
FROM

r.074
OSIMPSON I S

FROM
t.106

OSIMPSON ' S
FROM

1.136
OSIMPSON I S

FROM
t.752

OSIMPSON I S

FRO!.t
r .008

OSIMPSON I S

FROM
r.192

OSIMPSON I S

FROr'{
2.308

OSIMPSON I S

FROM
2.040

OSIMPSON I S

FRO¡I
l.828

OSIMPSON ¡ S

FROM

Ì.554
OSIMPSON I S

FROM
1.250

OSIMPSON I S

FROM
1.055

RULE GIVES
1.585

RULE GIVES
I .699

RULE GIVES
t.692

RULE GIVES
l. 107

RULE GIVES
r.457

RULE GIVES
r.038

RULE GIVES
I.188

RULE GIVES
3.927

RULE GIVES
1.87r

RULE GIVES
r. 538

RULE GIVES
L.232

RULE GIVES
I. I3?

r .401
.2066

r.285

L.226
.3320

l. r50

.1870
I.424

.585{
L.462 1.182

.580I
L.262 r.256

.5975
I.5I1 I.

r.236
.6292

I .330

.67L2
1.575

.5873
1.480 I .259

.5409
r.283

.4702
1.185 r.

.3502
1. t06' r. r33

.L627
t. t27 l. r?l

.3059
.207

l. 238

t. lI3 I.07{ I.0s2 I.046 I .05I 1.0{8 I.049 I .0s9 1.079

I.095 1.041 1.023 I.027 1.031 1.046 I.06? I.0e7 1.123

1.060 1.018 1.014 1.019 1.037 1.076 1.120 I.I¿5 1.20{

1.060 t.oll 1.005 1.006 1.023 I.061 l.It3 I.I77 I.204

126 t .108 1.02s I .004 I. o0l 1.013 I.0{7 1.090 l. l?0 1.2?4

1.162 1.0?6 I.088 I.08I Ì.0?3 1.068 1.054 1.094 r.075

r.209 1.06{ 1.019 1.006 r.0l'3 1.03? l'0?9 r'Is4 1'4s9

1.1811.1031.0331.016I.0251.0511.098L.1.121.{00I .284

1.213

1.16? I.Ils 1.0s1 I.038 1.042 1.068 l. r20 1.206 1.384

I.155I.0931.0601.043I.0611.09?1.171I.321I.{32

150 I .102 1.07{ 1.0s5 I.068 I .103 l.162 1.288 I . 390 I ' 303

1.09?I.085I.0881.116L.L721.204I.215I.2901.335
OSIMPSONIS RULE GIVES

FROM 1.09{
1.523

OTRÀPEZIUM RULE GIVES
FROM 0.000

.350 . 163
0
OBONE NUMBERBONE TI
I
-END OF RILE-

.332 -487

L.22LI.2781.3401.4021.4811.4?11.{?61.|851.497

.585 .580 .597 .629 .67L . s87 .541 .470

@
æ
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APPENDIX V

Computer Programme GENDAT

(for the plotting of sections of the Articular Surfacel



PROGRA}I GENDÀT

PROGRÀM GENDATA(PDÀfA, INPUT,BONE,OUTPUT,TAPEI-BONE.
ÎAPE 2=OUTPUT, TÀPE?? =PDATA, TÀPE 3=INPUt I

CREATE DATA FOR À PLOf OF Y VERSES Z

REAL X({0,20),Y(40,201,2(40,20},K(40,2},YP(1000l,zPll000}
REAL vPLOT(I000), ZPLOT (1000)
INTEGER XUSERV,YUSERV, PTREQ,BONEID,ÀNS
M3=2
NC=0
READ (1,.) N,U.XMESH,YMES¡|,BONErD
IF(EOF(I}.N8.0) STOP 'INSUFFICIENT DÀTÀ ON RILE BONE¡

DO 20 f=l,N
READ(l,i) K(r,l),K(r,2)

IF(EOF(I).NE.O) SÎOP "INSUFFICIENT DATA ON SILE BONET

K1=K(I,I)
K2=K(I,2)
READ(1,*) (X(I,J),Y(I,J),2(I,J),J-Kl,K2l

rF(EoF(l).N8.0) sloP rrNsuFFrcrENl DÀTA oN PrLE BoNEr
20 CONTTNUE

CALCULATE INITIAL PLOT DATÀ FOR 3-D PLOT

30

YPLoT ( l) =YPLoT ( I ) *10. 0
zPLoT (t ) =zPLoT ( I) t 10. 0
cÀLL PLOÎ (YPLOTf I),ZPLOT(11,3)

DO 37 J-2.PIREO
YPLOT (J ) =YPLOT (J ) t l0 .0
zPLoT (J) =zPLoT (J ) I I0. 0
cALL PLOT (yPLOT(J),ZPLOT(J),21

37 CONTINUE
CALL PLOTE
PRINT t, "SECTION . .I, U OF 

"BONEID5O CONTINOE
PRIN,I T,' END OF PLOTTING.
STCP
END
SUBROUTINE RNODES (A,B,X,N,H}
REAL X(N)
N=lB-A)/H +l
X(I)=À
x (N+I) =B
DO l0 I=2.N

x(I)=x(r-l)+H
1O CONÎINUE

RETURN
END

Do 30 J=l,NPTS
YP(J¡=Y(I'KPr)
2P(Jl=z(I,KPT)
KPT=KPT+l

CONTINUE
CALL RNODES (YP(1},YP(NPTS},YPLOT.PTREO.H}
CÀLL BRBFIT (NPTS.YP,ZP,YPLOT,ZPLOT,PTREQI

ffRITE PLOT DÀTA TO FILE PDÀTA FOR 3-D PLOT

!{RrrE 171 ,361 PTREQ
9JRITE (?? . 35) ( zPLOT (J),vPLoT (J),X (I,K (I, l) l,J'I,PTRBQ)
FORMÀT (2 (Fro. 5, IH, ),F10. 5)
FORr.rAf(r3)

II,IPLEMENT PLOTTING OF DATA POÍNTS TN ÀRRAYS YPLO'I,ZPLOT

cÀLL PLOTS (5HCÀL25¡

CÀLCULATE ORIGIN AND SCÀLING FACTORS

+
c
c
c

c
c
c

c
c
c

3s
36

c
c
c

c
c
c

2l

22

IX) 2l r=I,N
NPTS=.K lI ,2) -K ( I,l )
rF(NPTS.LE.I) GOTO 2l
NC=NC+l

CONTINI,JE
f{RrrE (77, 22) NC,H3,BONETD
FORI4AT (r3, lH,,l2,lÍl,,lH' .410, lH')

INPUT THE PLOTTING INTERVAL H

PRINT ¡,TENTER PLOTTING INTERVAL ¡
READ I,H

USE NEVILLES ALGORITHH TO INTERPOLÀTB BETWEEN POINTS

DO 50 I=l,N
NPTS=K(I,2)-KfI,l)+l
rF(NPTS.GT.I) GOTO 25
PRINT I,'ONLY I DATA POINT - IGNORED¡
GOTO 50
KP'I=K(I,I)

c
c
c

c
c
c

(oo

I

25



l0

l9

29
39

5l

SUBROUTINE BRBEIT (N,YPT,IPT,Y,Z,H}
REÀL YPT(N¡,ZPT(}¡) .Y{N),2(NI
REÀL YDAT(3},ZDÀT(3I
m l0 I-l,li

NN-N
CÀLL PICK (NN,YPT,ZPT.Y(II,YDÀT,UDÀT}
IF(NN.NE.2l NN-3
CALL NEUILLE (NN,YDÀT, ZDÀT'Y (II,Z (II I

CONTTNUE
RETURN
END
SUBROUTINE NEVILLE (N'X.Y.Z.IÙ}
Dil,rENStoN ¡((t0),F (10, l0l .Y ({ol
Nltl =N- I
NPI=N rl
DO 19 J=l,N
F(l.J¡=Y¡¡¡
CONTINUE
DO 39 K=2,N
l(M I =K-l
DO 29 J=K,N
õirli ¡ = rÊ iiur,r-l ¡ r tx (J t -zt -F (Klll,Jl' (x (J-K+ll -z) t / (x lJl -t (J-K+ll I
CONTINUE
'r'l=F (N, Nl
RE'TURN

1¿=s(K.K)
RETURN
END

SUBROUTINE PICK (N,YPT,ZPT.nlAL,YDAT,ZDAT}
INÎEGER PT
REÀL YPT(N),ZPT (NI,YDÀT(3I'ZDAT(3I
rF(N.LT.3) GOTO 25
IF(YVÀL.GT.YPT(N-l) ) GoTO l0
Nl-N-l
DO l0 I-2.NI

rF (vvÀf,.LT.vPT(l¡ | GoTO l5
IO CONTINUE
15 LI-I-l

L2-I+l
PT-l
DO 20 I-Ll,L2

YDÀT(PT)-lP1(¡¡
ZDÀT(PTl-ZPT(Il
PT-PT+I

20 CONTINUE
RElURN

25 N-2
DO 30 I-l.N

YDÀT(Il-IPT(I)
zDÀTlI)-zPÎ(Il

30 CONTINUE
RETURN

a0 PT-l
Ll-N-2
DO 50 I-LI,N

YDAT(PTl-YPT(Il
zDÀT (PT! -zPT (I I
PT=PT+I

50 CONTINUE
RETURN
END

(fl
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APPENDIX VI

Computer Programme GENCUR

(for the plotting of extra curves on surfaces)



79/Ir/30. 11.2?.3s.
PROGRAII GENCUR

ÍIRITE
[IRITE

20 CON,TINUE
DO 30 I=l,N

XBEG(I)=)¡
XFIN(I)=[
vBEG(I!=v
vFIN(I)=v

30 CONTINUE
PRINT .,fHO!{ MANY EXTRA CURVES ¡
REÀD *,NCUR
XGÀP=XI,IESH/ (NCUR+I }
NCURVES=N+ (N-I ¡ *¡gU*

PROGRÀM GENC (INPUT'NETT,OUTPUT'BONE,TÀPE5=NEfÙ
t 

'TÀPE2-OUTPUT'TAPEI=BONE)coMMoN x (20,20) ,Y 120 ,2ol ,z(2O ,2Ol 'Kl2O '2l ,Xi{ESH,yllESS
REAL XBEG(20t,YBEG(20),XFrN(20),YFrN(20)
REÀL YSTART,YSTOP,C (6),vPT(20),XDÀT(3),YDÀT(3)
INTEGER BONEID

PROGRÀM TO GENERÀTE EXTRA CURVES FOR 3-D PLOTTING

READ (I,¡) N,MrXl,{ESll ,yMEStl ,BONEID
IF(EOFIiI.HE.OI STOP TINSUFFICIENT DATA ON FILE BONEI

DO 20 f=l rN
READ(l,r) K(r,l),K(r,2)

IF(EoFtil.uÈ.oi stoÉ ;rÑstlrrrcruNT DÀTÀ oN FrLE BoNE ¡

Kl=K(I,l)
KZ=KlI t2l
REÀD(1,*) (X(I,J),y(I,J),2(I,J),J=Kl,K2)

rF(EoFtil .nÈ.rjl stoi'- "rNÉuFFrcrENT DATA oN FrLE BoNEr

TEST I,F LAST KNOWN DÀTA CURVE

IF LAST SKIP TO END AS NO HORB SURFÀCE FITTING REQUIRED

rF(r.EQ.N) GOTO 55
FORMÀT ( r 2, lH, , I 2)
FORMÀT(3(FI0.5))
DO 40 J=l,NCOR

XPI=XBEG(I)+JTXGAP
. CÀLL PICK (N'XBEG,YBEG,XDÀT,YDAT,I}

cÀLL BRBFTl(3,XDÀT,yDÀT,XPT,ysTART, l)
CALL PICK (N,XFIN,YFIN'XDÀI,YDAT,I' C

cÀLL BRBFTT(3,XDÀT,YDAÎ'XPT,vSToP,i) c
c

ADD POINTS BETÍ{EEN THE CÀLCULATED ENDPOINTS

CALL F I LLPTS (YPT, YSTÀRT, YSTOP, I' NF ITPTS, J, }I, JJ' III{I
JJ=JJ+l
l't!l=l'll4t I

f{RrrE(5,35) JJ,UM
DO 39 L-I,NFITPTS

II=I
CÀLL OUADRIC (XPT,YPT(L),C,II,L,N'ZPTI
wRrTE (5,36) XPT,YPT(Ll ,ZPT

CONTTNUE
CONTINUE

CONÎINUE
STOP
END
SUBROUTÍNE BRBFIT (N,YPT,ZPT'Y,Z,U)
REAL YPT(N),ZPT(N)
DO 5 I=l,N
CONTINUT
DO l0 I=l rl,l

cÀLL NEVTLLE (N,yPT, ZPT,y, Zl
CONTINUE
RET[IRN
END
suBRourrNE NEVTLLE (N,X,Y,Z,ff)
DTMENSTON X(40),F(40,19),Y(40)
NÈll=N-l
NP 1=N+ 1
Do 19 J=l,N
F(I,.r¡=Y1¡¡
CONlINUE
DO 39 K=2rN
KMI=K-I
DO 29 J=KIN
rrxlil=teiiurrJ-llr(x(J)-z)-P(Kllr,J)r(x(J-K+tl'zll/lx'lll-x(J-K+r))
CONTINUE
ll=F (N,N)
RETURN
I,l=F (K r Kl
RETURN
END
SU BROUTINE FI LLPTS (YPÎ, YSTÀRT' YSTOP' I, NPTS' J' I'I, JJ, III'I)
coMl.{oN x(20,20) .Yl2O.2Ol ,Z(20,20),K(20,20) 'XltEsH'vHES[l -
LOGICÀL BEGPT,ENDPT E
INTEGER P
REÀL XPT,yPT(20)

SUBROUÎINE TO FILL IN DATA POINTS ON GRID FOR NET| CURVE

c
ç

c
c
c

c
c
c
c

(r,K(r,l))
(r,K(r,2))
(r,K (r, l) )(r,K(r,2)l

39
40
50
55

5

IO

I9

29
39

5I

) NCURVES,tl ,XllESll ,YHESll ,BoNETD
i, rH,),E5.2 rlHr rF5 .2,L'drrrH' rÀlo'rHr)
N

r)
2l

!¡RrTe ( 5 ,
34 FORMÀT ( 2

.DO 50 I=
KI=K (

K2=K (

3l
(r
l,
I,
r,
(s
(s

,35) Kl,K2
,36) (X(I,J) 'y(l'J),2(I,J) rJ-Xl ,K2)

35
36

c



c
c
c

NPTS-0
BEGPT=. FÀtSE.
ENDPT=. FÀLSE.
¡¡1=¡1 (I,ll
¡¡2=¡¡ (I r 2)
DO I0 JJ=KIrK2-- iirv(r,Ji)-cE.YsrÀRrl Goro 20

IO CONTINUE
JJ=Kl

20 t=0
DO 30 P=KlrK2

MM=K2-L
r8(Y (r,Ht'tt .LE.vsToPl GoTo l0
L=L+l

3O CONTINUE
l{}t=K2

l0 NPTS=MH-JJ+I
ïsi¡sstv(r,JJ)-vstAnr).LE-lg-ll BEGPT''TRus'
i;'iÀBaiiir,rnui-YsroPt.tE.lE-rl ENDPI''lRuE'

T8S1 TO SEE T¡HETHER ENDPOINTS INCLUDED

JJ =JJ- I
RETURN

-I00 PT-l
DO lI0 L-JJrl'lH

YPT(PTl-Y(Irf,l
PT=PT+l

IIO CONTINUE
RETURN
END .

susnoutrus ouÀDRrc f u,vrc, I,J,NX, ZPT)

coMHoN x(2o;ãöi;ìiioiiól',zizo'zo¡'x(20'2t'xr{Esu'vugss
c'.t sgLtscrs 6';õiÑið-ÑÉnnËár'to'ptú,vi rnor ortr.rND cÀLcut.Àrgs

Crrr. coEFFIcIENTSOFQUÀDRIC z-rii+i¡xi+cx2+Dx+EY+R THRoUGIITHEH'

Dil{ENSroN o roöílxi reõi,vv too l,zi 160l'Al'l ( 6' 6t'c (6}'WKÀREÀ ( r00}

N-0
Itl=ÀMÀX0 (I-2,11
IP=ÀMIN6(n{+l,Nx}
DO 19 L=IllrIP
Jl.lI=K (L,ll
JPI=K (Lr 2l
DO I! tl=JMl,JPl
DX=U-X(LrM)
DY=V-Y (L'l{}
rF (ÀBs (Dx) .Gt.3.0txtlEs¡l.oR.ÀBS(Dvt'GT'3'0rvMEsHl Go To l9
N=N+l
D (N ) -5ç¡'1' ¡D!(*DX+DY*DYl
XX(N)-XlL'li)
YY(N)=Y(L,Hl

ccccc flfiltif i!ili**,*,'vv (N),zz(N],D(N]
23{ FORMÀT(5fI XyZD,{(2x'F9.31)
I9 CONTINUE

r8 (Ì¡.GT. 6) CALL SORTER(D,XX,Yyrzz'N)
ccccc r{íileiz, z3II-iÍitlll,vvtn¡'zz lttl,D(H)'}l'l'N)

rF(N.LT.6) ÍJRrrE(2'2011 N

NCÀLLS=l
2l Do 29 M=1,6

¡=¡¡(ttfrr2
) =xx (H) rry (H)
I =Yy (H) rr2
I =xx (Ml

50

r8 ( (BEGPTI .AND. (ENDPTl )Goro 100
IR(BEGPT} GOTO 60
rF(ENDPT) Goto 80
NP'f S=NPTS+2
YPl(l)=YSTÀRT
PT=2
DO 50 L=JJ¡MM

YPT(PTI=Y(I'L}
PT-PT+l

CONTINUE
YPT (PT ) =rsroP
JJ=JJ-l
MM=MM+l
RETURN
NPTS=NPtS+ I
PT=l
DO 70 L=JJ r llll

YPT(PT)-Y(IrLl
Pt =PTr I

CONTINUE
YPT ( PT) -YSTOP
Bll=l'lM+ I
RETURN
NP'f S=NPTS+ I
YPl(Il=YSTART
PT=2
DO 90 L=JJrHl¡l

YPT(PT)-Y(IrLl
P't=PT+ I

CONlINUE

60

70

80.

AH (M,I
Àr.t(M.2
Àl,r (M, 3
AM (H, 4

AMlM,5)=YY{Hl
AM(H,6)-1.0
c (M) =zz (!ll

ccccc wniis t z, z I s ¡ ( ¡r.r t u r JJ ) r JJ'r, 6 ),C ( ltl
245 FORMÀT(6tl All,c,?(3x'F9.31)
29 CONTINUE

IDGl=0
õ¡ii r,sotzF(ÀH, r,6' 6,c'rDct,vlKÀREA'rERl

ccccc rùRrrE (2;202I rÉR,roGT, (c(M)-,!l-l '6)----- ÏF¡ÑõÀr,ís-ci:.gi-étop ¡iod r¡Hv cÀLt.sr

(o
5

90



rF(tER.NE.0) CÀLL RESORT(D,XX,yY,ZZ,5,N)
NCALLS=NCÀLLS+I
rF(rER.NE.0) GO TO 2I
zpr = c(l¡*g**2 + c(2).uav + c(3)ryrr2

+ +c(4)*u +c(5).v +C(6)
RETURN

20I FORMAT(LHO/41H 6 NEÀR POINTS NEEDED FOR oUADRICTBUT llÀVE Ol{tY.I2l
202 FORMAT(?H0 IER =,I3,8H IDGT = ,12'2611 COEFFICIENTS OF QUADRIC'

+ 6(lx,Flo.5))
END
SUBROUTTNE SORTER(D,X,Y,Z,N)

C*ITT SORTS N POINTS IN,,Y,ZI INTO ORDER OF INCREÀSING D

DTMENSTON D(N) ,X(N) ,Y(N! ,Z (N)
DO 29 L=2rN
LMI=L-I
O6 19 ¡=],LMl
IF(D(t).GE.D(K)) GO TO 19
LMK=L-K
T0=D ( L)
rt=x(L)
r2=y (L)
r3=z (L)
DO 9 M-IrLl{K
D (L+l-t'l) =D (L-lll
x (L+l-il) =x (t-H)
Y (L+I-M) =Y (L-ll)
z (L+l-l'l) =z (L-ll)

9 CONTINUE
D(K!=1s
x (K¡ =11
Y (Kl -r2
z(K)=T3

I9 CONTINUE
29 CONTINUE

RETURN
END
SUBROUTINE NESORÎ (D' ¡(,Y, Z,K,N)

CTI¡Í MOVES POINT K TO TIIE END OF THE ÀRRÀY
Dil'tENSTON D (N) ,X (Nl ,y (Nl , Z (N)
Nl,l I =N- I
r0=D(Kl
Tl=x (K)

T2=Y (K)
r3=z (K)
DO 9 ll=KrNlll
D (M) =P 1¡¡1¡
x (M) =x 1¡at1,
Y(M)=Y(M+Il
z (M) =¿ 1¡11¡

9 CONTINUE
D(N)=19
X (N ) ='¡1
Y (N¡ ='¡2
z (N) =13
RETURN
END
SUBROUTINE PICK (N,X,Y,XDAT,YDAT, I)
REAL X(Nl ,Y(Nl ,XDAT(3),YDAÎ (3)

SUBROUTINE TO FIND 3 NEAREST POINTS
c
c
c

rF(r.E0.t) GoTo 20
rF(r.E0.N) GO10 40
LI=I -1
L2=I+l
PT=l
DO I0 J=LlrL2

XDAT(PTl=[(J]
YDAT (Pr) =Y (J l
PT=PT+l

IO CONTINUE
RETURN

20 DO 30 J=1,3
xDÀT (J ) =[ (J I
YDÀT (J ) =l (J )

30 CONTINUE
RETURN

40 PT-l
LI=I -2
DO 50 J=LI,N

xDÀÎ (PT) =[ (J)
YDÀr (Pr) =l (.1)
PT=PT+l

5O CONÎINUE
RETURN
END

(o
or
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APPENDIX VII

Results of arc lengith of the two axes of the T-lì/11 joint

Medio - lateral axis

Specimen No. T (inches) M1 (inches) T>M T<l/l T=M

1

3

5

7

10

11

12

13

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Total 22

0.5914

0.4336

0.6691

0.6390

0.6617

0.5604

0.6654

0.6293

0.6384

0.5435

0.7448

0.8í¡28

o.7624

0.6002

0.6275

0.6155

0.5443

0.5662

0.7333

o.758/.

0.6007

0.5999

0.4763

o.6207

0.5504

0.8713

0.7192

0.6763

0.7001
*

o.7345

0.6032

0.5911

o.9267

0.9125

0.7267

0.68F10

0.7317

0.6089

0.5529

0.6037

0.6981

0.9038

o.6924

0.6296

0.6207

t
t
t
t
t
t

t
t

t

t
t
t

t
t

t
t

t
I

t
t
t
t

3 217

Note T - trapezium Ml = F¡rst metacarpal

i Mî2 had no definito medio-lateral axis
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APPENDIX VII

Antero-posterior axis

Specimen No. T (inches) Ml (inches) T>M T<M T=M

1

3

5

7

10

11

12

13

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

23

0.8075

0.5340

0.6502

0.5584

0.5790

0.5808

o.4787

o.6744

o.ar13

0.5132

0.5342

0.6268

0.5377

0.5880

o.5241

0.5125

0.4638

0.5139

0.6409

0.5371

0.5191

0.5144

0.63&r

0.6258

o.42@.

o.il23
0.5017

0.4865

0.8045

o.4902

0.5967

o.4872

0.4505

0.9347

0.6253

0.6341

0.s852

0.5620

0.5619

0.4326

0.5067

0.5394

0.6008

0.5078

0.4832

0.5603

t
t
t
t
t

t
t

t
I
t

t

t

t

t

t
t

t

t
t

t
t
t
t

Total 1373
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APPENDIX VI¡I

Surface area of the articular surfaces of the T'Ml ioint

SpecimenNo. T(sq.inchesl Ml (sq.inches) T>Ml T<Ml T=M1

t

t

t

1

1

3

5

7

10

11

12

13

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

23

0.3059

0.1532

0.2533

0.2018

o.2412

0.2702

o.2268

0.2485

0.2336

o.1647

o.2710

0.2921

o.2575

o.2789

0.1873

0.2035

o.1773

o.2014

o.2712

0.2688

0.2457

0.1868

0.1951

0.2958

0.1640

o.2179

0.2097

o.2424

0.2707

0.1816

0.2723

0.1924

0.1759

o.28/,g

0.3257

0.2*1
0.2462

o.2702

0.1652

0.1751

o.1746

o.22æ

0.3148

o.2147

o.1972

0.1911

t

I
t
t

t

t
t
t

t
t

t

t

t
t
t

Total

t

6

t

t

I

t

I
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APPENDIX IX

Surface area of the four quadrants of the trapezial and metacarpal articular surfaces

Specimen Antero-rnedial

No. 1 (5q, ins.l M (sq. ins.l

Antero-latoral Posts¡o-m€d¡al

T (sq. ins.l M (sq' ins.l T (sq. ins.l lll (5q. ins'l

Post€ro-lat€?al

f (sq. ins.) 1t¡ (5q. ins.l

1

3

5

7

10

11

12',

13

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

0.0743

0.03¿14

o.0527

0.0392

0.0952

0.0594

0.0410

0.0455

0.0251

0.0681

0.0575

0.0351

0.0473

0.0307

0.0354

0.0379

0.0150

0.0704

o.0431

0.0531

0.0299

0.0860

0.0602

0.0363

0.0594

o.0424

0.0181

o.0ø.74

o.o744

0.0540

0.0520

0.0780

0.0683

0.0426

o.0787

0.0642

0.0563

0.0170

0.0468

0.0501

0.0561

0.0357

0.0367

0.0544

0.0689

0.0587

0.0961

0.0538

0.0233

0.0¿145

0.0779

0.0736

0.0330

0.0685

0.1071

0.0763

0.0977

0.0838

0.0535

0.0385

0.0528

0.0443

0.0695

0.0700

0.0466

0.0409

0.0802

0.0345

o.0624

0.0432

0.0360

o.o717

0.0916

0.0510

0.0634

0.0381

0.0835

0.0563

0.0990

o.oa22

0.0360

o.0324

0.0487

0.0790

0.0599

o.0447

0.0824

o.0377

0.0828

0.0460

0.0623

0.0ø,82

0.0885

0.0818

0.0615

0.0597

o.0É.26

o.0732

o.0772

0.0941

o.o724

0.02s8

o.0ø.73

0.0307

0.0458

0.0716

0.0980

0.0620

0.0582

0.0612

o.0732

o.0413

0.0430

o.0672

0.0863

0.0857

0.0484

0.0353

o.0241

0.0512

0.0580

0.0816

0.0463

0.0341

0.0353

0.0385

0.0312

o.04-14

0.0493

0.0441

0.0146

0.0346

0.0703

0.0265

0.0É71

0.0664

0.0645

0.0467

0.0493

0.0602

0.0495

o,æ22

0.0656

o.o774

0.0301

0.0328

0.0356

0.0478

0.0420

0.0518

0.0663

0.0479

0.0452

0.0078

0.0934

0.0498

0.0636

0.0655

o.0744

0.0890

0.0416

0.0562

0,0387

o.1112

0.1106

0.0729

0.0295

0.0673

o.0É.24

0.0710

0.0415

0.0631

0.1028

0.0518

0.0543

0.0775

Mean 0.0489 0.0513 0.cf,27 0.0597 0.0632 0.0484 0.0489 0.0667

I Specimen 12 had no distinct medioJateral axis
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APPENDIX X

Tests used to exclude rheumatoid arthritis, Marfan's syndrome and Ehlers Danlos syndrome

as causes of generalised peripheral ioint hypermobility

a. Rheumatoid Arthritis

Subiects were excluded from this research project if they were:

1) a known history of rheumatoid arthritis,

2l a history of multi-arthrodial inflammation characterised by pain, swelling and stiffness

(particularly in the mornings which differentiates them from those caused by mild

traumata characteristic of primary hypermobility).

3) the presence of pain, swelling and/or deformity of the ioints of the fingers and toes.

b. Marfan's Syndrome

Subjects were excluded from this research proiect if they exhibited the classical features

of Marfan's Syndrome as described by Sinclair, R.J.G. etal. (1960)and Eldridge, R. (1gil).

These are:

1 ) arachnodactyly

2l metacarpal index greater than 8.8 for men and 9.4 for women

Eldridge found these to be the upper limits for his 'normal group'.

The metacarpal index was obtained by taking measurements of the second, third and fourth

metacarpals of both hands. From the postero-anterior X-ray the length and external diameter

(at midpoint of its length) of each metacarpal were measured. The metacarpal index is the

average ratio of the metacarpal length divided by the external diameter for both hands.

As can be seen from the results following, none of the people exhibiting generalised joint

hypermobility had an abnormally high metacarpal index.
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Left hand
Case No. metacarpals

23

Right hand
metacarpals

23

Average
Metacarpal
lndex (L/Dl4 4

Sex Metacarpal lndex

Normal Abnormal

007

008

009

010

043

044

053

054

055

056

063

064

065

066

075

076

077

078

079

080

081

082

083

084

5.36
0.61

8.83

6.25
0.65

6.05
0.65

5.42
0.62

L 6.23 6.07
D 0.67 0.65

$ s.so s.17

9.16 F t
9.56 9.28 8.77

L 6.37
D O.74

I a.or

6.31
0.74

8.53

5.59
0.59

9.47

6.24
o.74

8.43

6.08
o.77

7.90

5.52
0.57

9.68

8.77 F t

8.48 F t

8.16 F t

L 5.98 5.73 5.10 6.02
D 0.74 0.69 0.51 0.78
I

6'7.96 8.30 10.00 7.72

5.73
0.75

7.64

6.30
0.79

7.97

5.92
0.82

7.22

6.10
0.81

7.53

5.18
0.56

9.25

L 6.43
D O.TK¡

f; t.ts
L 6.16
D 0.78

å-r.*
L 6.31
D 0.83

$ z.oo

6.06
0.77

7.87

6.00
o.82

6.10
0.78

7.82

5.34
0.58

9.21

5.21
0.65

5.34
0.66

8.09

6.73
0.92

7.32

6.18
0.83

6.47
0.83

7.80

5.48
0.62

8.84

5.11
0.65

7.86

5.23
0.68

7.69

7.63 F r
7.32 8.02 7.45

D
L
D

L
D
L
õ-
L

L 6.61
0.90

7.34

6.45
0.89

7.25

6.49
D O.74

Nan
L 6.33
D 0.80

S z.sr

L 6.16
D 0.65

I s.+e

L 6.73
D 0.81

f, a.st

6.49
0.77

8.43

6.05
0.69

8.77

6.05
0.78

7.76

8.01

6.25
0.80

7.81

5.76
0.66

8.73

5.49
0.51

10.76

5.30
0.56

9.46

9.45

5.54
0.65

8.52

6.53
0.90

7.26

6.35
0.91

6.98

6.66
0.73

9-12

6.37
0.79

8.06

6.30
0.73

8.63

6.06
0.89

6.81

6.09
0.73

8.34

5.43
0.65

8.35

5.48
0.55

9.96

5.51
0.57

9.67

5.19
0.55

9.44

5.ô1
0.63

8.90

6.18 5.42
0.89 0.70

6.94 7.74

7.76 F I

8.08 M r

7.35 F f

9.29 F t

8.51 F I

8.94 F t

6.16
0.75

8.21

5.69 5.20
o.71 0.55

6.16
o.71

8.68

6.71
0.85

7.89

5.67
0.66

8.59

6.17
0.85

7.26

8.12 F t
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Left hand
Case No. metacarpals

Right hand
metacarpals

Average
Metacarpal
lndex (L/D)

Sex Metacarpal lndex

Normal Abnormal

234234

089

090

103

104

121

122

161

162

175

176

205

206

209

210

219

220

227

228

239

240

5.82
0.70

8.31

L 6.72 6.64 5.87 6.75 6.67
D 0.76 0.80 0.67 0.78 0.83
¡

Ë 8.84 8.30 8.76 8.65 8.04

L 6.15 5.83 5.20 5.95 5.81
D 0.72 0.74 0.54 0.72 0.72
I

Ë 8.54 7.88 9.63 8.26 8.07

L 6.37 6.10 5.51 6.38 6.16
D 0.81 0.75 0.52 0.89 0.83
I

õ' 7.86 8.13 10.60 7.17 7.42

L 6.36 6.42 5.67 6.37 6.32
D O.72 0.70 0.55 0.80 0.73
I

õ- 8.83 9.17 10.31 7.96 8.66

L 6.30 6.08 5.14 6.24 6.00
D 0.82 0.79 0.67 0.82 0.82
I

Ë'7.68 7.70 7.67 7.61 7.32

N t.tt

5.18
0.62

8.35

L 6.06
D 0.78

6.00
0.76

7.89

6.14
0.67

9.16

6.88
0.92

7.48

6.27
0.90

6.97

5,87
0.75

7.83

5.18
0.63

8.22

6.15
0.73

8.42

6.12
0.85

7.20

5.22
0.58

9.00

5.40
0.56

9.64

5.67
0.56

10.13

5.46
0.65

8.40

5.65
0.62

9.11

5.67
0.73

5.28
0.79

6.68

8.48 F t

8.56 F t

8.47 F t

9.18 F t

7.73 F t

7.98 F t

8.69 F t
L 6.32
D O.74

å't.*
L 7.12
D 0.92

f; t.t+
L 6.82
D 0.90

þ z.se

L 6.19
D 0.78

b'r.*

5.48
0.60

9.13

7.30
0.96

7.60

5.63
0.73

7.71

5.31
0.61

8.70

6.36
0.84

7.57

7.00
0.94

7.15

6.90
0.98

7.M

6.29
0.82

7.66

6.20
o.72

8.61

6.26
o.74

8.46

6.29
0.93

5.98
0.80

7.48

7.75 M t

7.3',t M t
6.76 7.77

7.72 M I
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c. Ehlers Danlos Syndrome (E.D.S.)

Subjects were excluded from this research project if they exhibited the classical features of

Ehlers Danlos syndrome as outlined by Grahame & Beighton (1969). ln addition to general-

ised joint hypermobility, these features are:

1) fragility of the skin - splitting of the skin and scars, espec¡ally over bony promi-

nences.

2l thin skin. Measurements for skin thickness were made over the dorsum of the fourth

metacarpal with Harpenden calipers. Grahame & Beighton found people with E.D.S.

to have significantly thinner skin than a matched normal group. Women with E.D.S.

had a mean skin thickness of 0.8 mm (normals = 1.1 mm) and men with E.D'S.0.8

mm (normals = 1.2 mm). The measurements of skin thickness for the hypermobile

group are detailed below.

Case No. Sex Skin
thickness

Case No. Sex Skin
thickness

Case No. Sex Skin
thickness

007

008

009

010

043

044

053

054

055

056

063

064

065

066

075

0.9

0.9

1.0

0.9

0.9

1.0

1.3

1.1

1.0

1.1

0.9

0.9

1.0

1.0

0.9

076

077

078

079

080

081

082

083

084

089

090

103

1U
121

122

0.9

1.1

1.1

0.9

1.0

0.9

0.8

0.9

0.9

0.9

1.0

0.9

1.0

0.8

0.9

161

162

175

176

205

206

209

210

219

220

227

228

239

240

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

M

M

F

F 0.9

F 1.1

F 1.0

F 1.0

F 1.1

F 1.1

F 1.0

F 0.9

M 1.3

M 1.4

M 1.2

M 1.1

M 1.1

M 1.0

Hypermobile Group - skin thicknesl

Reference to the above table shows that there were only two cases (082 and'121) with a

reading of 0.8 mm. These people were not excluded from the research project as the skin of

their other hand (081 and 122 respect¡vely) was within normal limits and they díd not exhibit

fragility of their skin.

Although hyper-elasticity of skin is a classical feature of Ehlers Danlos syndrome this was

not measured as it requires sophisticated equipment.
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APPENDIX XI

Clinical Study - Ouestionnaire and Data Form

Case Number

Group: Normal (0) Hypermobile (1) Osteo-Arthrot¡c (2)
Manipulative Therapists (3) Tailors and Dressmakers (4) Musicians (5)

Age Group (Years): 0-29 (0) 30 - 39 (1) 4049 (2) 50'59 (3)

Gender: Male (0) Female (1)

Dominance: Left (0) R¡ght (1) Ambidextrous (2)

side: Left (0) R¡sht (1)

Yearsof thumbuse: 0-5 (0) 6-10 (1) 11-15 (21 16-20 (3) >20 (4)

History of pain/swelling: Yes (0) No (1)

History of pain assoc. with use: Yes (01 No (1)

History of trauma to T-Ml ioint: Yes (0) No (1)

Menstrual Status: Regular (0) Menopausal (1)
Post-Menopausal/Hysterectomy (2) Not Applicable (9)

Skin Thickness (mm):

Height (cm):

we¡ght (kg):

Obesity: Obese (0) Not Obese (1)

Peri-ArticularThickening: Thick (0) NotThick (1)

Phyriological Movement¡ of T{Vll Joint

Range ( Degrees)

Range 1 Extension

Range 2 Palmar-Abduction

Range 3 Opposition

Pain Experienced During Examination No Pain (0) Pain (1)

Pain 1 Extension

Pain 2 Palmar.Abduction

Pain 3 Opposition
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Ouality of Movement

Normal (0) Early Resistance (1) Crepitus (2)

Ouality t (Extension)

Ouality 2 (Palmar Abduction)

Ouality 3 (Opposition)

Accessory Movements of T-M1 Joint

Range No Movement (0) Very st¡ff (1) Slightly Stiff (2)
Normal (3) Hypermobile (4)

Range 4 Distraction

Range 5 Antero-Posterior Glíding

Range 6 Postero-Anterior Gliding

Range 7 Medial Gliding

Range 8 Lateral Gliding

Range 9 Medial Rotation

Range 10 Lateral Rotat¡on

Pain Experienced During Examination Yes (0) No (1)

Pain 4 Distraction

Pain 5 Antero-Posterior Gliding

Pain 6 Postero-Anterior Gliding

Pain 7 Medial Gliding

Pain 8 Lateral Gliding

Pain 9 Medial Rotation

Pain 10 Lateral Rotation

Ouality of Movement Normal (0) Early Resistance (1) Crepitus (21

Qualiff 4 Distraction

Ouality 5 Antero-Posterior Gliding

Ouality 6 Postero-Anterior Gliding

Ouality 7 Medial Gliding

Ouality I Lateral Gliding

Ouality 9 Medial Rotation

Quality 10 Lateral Rotation
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Adjacent Joint Mobility

Metacarpo-Phalangeal Joi nt

Range 11 Flexion ( Degrees )

Range 12 Extension ( Degrees)

Trapezio{Vl2 Joint

MVT 1 Antero-Posterior Gliding Stiff (0) Mobile (1)

MVT 2 Postero-Anterior Gliding Stiff (0) Mobile (11

Trapezio-Trapezoid Joint

MVT 3 Antero-Posterior Gliding Sriff (0) Mobile (1)

MVT4 Postero-Anterior Gliding Stiff (0) Mobile (11

Trapezio-Scaphoid Joint

MVT 5 Antero-Posterior Gliding St¡ff (0) Mobile (t)

MVT 6 Postero-Anterior Gliding Sriff (01 Mobile (1)

Peripheral Joint Mobility ( Degrees )

Range 13 L¡ttle F¡nger McP Extension

Range 14 Elbow Extension

Range 15 Ankle Dorsiflexion

Range 16 Knee Extension

Generalised Peripheral Jo¡nt Mob¡l¡ty

Normal {0} Hypermobile (1}

Radiological Examination Normal (0) Mild Osteo-Arthrosis (1)

Moderate Osteo-Arthrosis (2) Marked Osteo-Arthrosis (3)

X-ray 1 T-Ml Joint

X-ray 2 Metacarpo-Phalangeal Joint

X-ray 3 Trapezio-Trapezoid Joint

X-ray 4 Trapezio-Scaphoid Joint

X-ray 5 Trapezio-M2 Joint

Dorso-Late¡al lnsubility None (0) Mild (1) Moderate (2) Marked (3)

Bone Ouantity Normal (0) Osteopenia (1)

GongenitalDeformity Yes (0) No (1)

Rheumatoid Arthritis Yes (01 No (1)
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APPENDIX XII

Whole Sample (N=492) - influence of gender on the range of the phys¡ological movements of
the T-M1 joint, analysed for each age group

Range of Extension

Age Group

(years) Total

Gender

Male

Í S.D. Total

Female

r s.D.

't'value

significance

20 -29

30-39
40-49
50-59

78

51

46

88

46

65

48

70

470

460

450

430

6.7

7.8

6.8

7.3

420

420

410

3go

7.9

6.3

6.8

9.9

3.77, p < .0001

3.06, p < .005

3.03, p < .005

2.96,p <.005

Range of Palmar-abduction

Age Group

(years) Total

Gender

Male Female

ï S.D. Total x S.D

't'value
significance

46

65

48

70

20-29
30-39
40-49
50-59

510

5oo

4go

4go

6.4

6.5

5.9

7.4

460

460

470

450

7.O

5.6

7.O

7.7

78

51

46

88

3.34, p < .001

3.51, p <.001

not significant

2.51, p ( .01

Range of Opposition

Age Group

(yearsl Total

Gender

Male

f S.D. Total

Female

x s.D.

't'Yalue

significance

46

65

48

70

20-29
30-39
40-49
50. 59

6o

oo

20

3o

78

51

46

88

-6()

-7o

-5o

-5o

9.0

9.0

7.2

8.3

10.6

10.8

10.6

7.2

6.47, p ( .0001

3.62,p <,0001

3.72,p<.0001

6.93, p <.0001
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APPENDIX XIII

Whole Sample (N=492) - influence of age on the quality of the physiological and accessory move-
ments of the T{Vl1 joint

Movement Age Group (years)

20 -29 30.39 40.49 50 - 59

X2 value

significance

Extension
Normal
Abnormal

Palmar-abduction
Normal
Abnormal

Opposition
Normal
Abnormal

122
2 l2%rl

122
2 l2%rl

119
5 (4V'l

113
11 l9'/'l

111

5 l4o/ol

106
10 (9%)

77
17 (18Y"1

74
20 (21Y"1

77
17 (18o/'l

103
55 (35%)

89
6S (44%l

79
7e (50%)

72.58
p ( .00001

89.18
p ( .00001

93.06
p ( .00001

99
17 l15o/ol

Distraction
Normal
Abnormal

A - P gliding
Normal
Abnormal

P - A sliding
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotation
Normal
Abnormal

99
25l2OY"l

79
45 (36Y.1

102
14 (12%ol

65
51 l$yù

48
46 (49Y'l

31

63 (67V"1

55
103 (6570)

27
131 (83%)

31

127 lS0o/ol

134.68
p ( .00001

121.68
p ( .00001

69.21
p ( .00001

112.48
p ( .00001

106.11
p ( .00001

86.87
p ( .00001

77.86
p ( .00001

44
72(.62"/.1

20
74 09%ol

7

7

rt

I

7

7

4
0

1

1

1

1

1

t6%l

17o/ol

(6%)

l8o/ol

101

15 (13%)

oo

17 (15Y"1

85
31 (27%l

62
32 l34o/ol

64
30 l32%'l

62
32 l34o/ol

66
s2 ß8%l

66
92 (58Y"1

77
81 (51%)

68
e0 (57%)

158

100 66
16 l14o/ol 28 (307o1

Total (N=4921 124 116 94
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APPENDIX XIV

Whole Sample (N=492) - influence of age on the range of the accessory movements of the

T-M1 Joint

Movement Age Group (years)

30-39 40-49

X2 value

significance20 -29 50-59

Distraction
Hypermobile
Normal
stiff

A - P slidins
Hypermobile
Normal
stiff

P - A gliding
Hypermobile
Normal
st¡ff

Medial gliding
Hypermobile
Normal
stiff

Lateral gliding
Hypermobile
Normal
stiff

Medial rotation
Hypermobile
Normal
stiff

Lateral rotation
Hypermobile
Normal
Stiff

46 .37%l
70 (56%)

I (7%l

49 (4OY'l

65{.52V"1

10 (8%)

40 l32o/ol

43 (35vo)

41 l33y"l

32 (26Y.1

81 (65%)

11 lg%.l

se (48%)

59{r47o/ol

6 (5%)

58 (47%l

61 (49%)

5 l4%"l

36 l29v,l
76 (61y.1

12 l1OY.l

23 '2Wù
90 (77Vù

3 (3%)

26|.22Y,1
6e (60%l

21 (18Y'l

23l2OV"l
47 ( 0yol
46 160%rl

20 (17V'l

u (73%l

12 (10%l

50 (43%)

55 (47Y'l

11 (107"1

31 l27V"l
75 (64%l

10 (e%l

I (e%)

67 (7'l%ol

19120%l

15 (16%)

48 (51%)

31 (33%)

16 (17Y"1

34 (36%l

44 (47%ol

I (e%)

64 (68%)

22 
'23V"1

22 (23yù

57 161%l
15 (167o)

18 (19%)

53 (567")

23|'25V'l

8 (8%)

60 (&%")

26 eg%l

94

6 l4%'l
86 (54%)

66 (42o/ol

126.11
p <.00001

13 (8%)

62 (39Y"1

83 (53%)

1s (9%)

58 (37%)

85 (54%)

93.08
p (.00001

27.20
p ( .0001

10 (67o)

72 146%'l
76 l48yol

88.88
p (.00001

28 l18y"l
69 (437o)

61 (39%)

80.79
p ( .00001

23 115"/"1

77 l48%'l
58 (37%)

81.03
p ( .00001

19Vo

54Vo

28o/o

2',|

63
32

116

16 ('lOY.l

81 (51%)

61 (39%)

43.76
p ( .00001

Total (N=492) 124 158
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APPENDIX XV

Whole Sample (minus non-clinical group, N=318) - relationship of a past history of pain at
the thumb base to the range of the accessory mouements of the T.lVll ioint

Movement History No History X2 value

significance

Distraction
Hypermobile
Normal
stiff

A - P glidins
Hypermobile
Normal
stiff

P - A gliding
Hypermobile
Normal
stiff

Medial gliding
Hypermobile
Normal
stiff

Lateral gliding
Hypermobile
Normal
St¡ff

Medial rotation
Hypermobile
Normal
stiff

Lateral rotation
Hypermobile
Normal
st¡ff

Total (N=3181

10 (15Y.1

32 l4gvol
23 (36%)

14

26
25

Q2%l
l4ú/"1
(387o)

57
123
73

54
164
35

Q1%l
(65%)

114%ol

l22o/ol

l49%.l
l2e%l

121"/.1

l37Y"l
142%l

16.12
p ( .0005

2.39
not significant

2.33
not significant

2.48
not significant

4.74
not significant

7.47
p(.05

7.gt
p(.05

I l14%"l
23 (35%)

33 (51V"1

54
92

107

10 l15%"l
33 (51%)

22 ß4%l

l32o/ol
(3e%)
(29o/ol

l23%"l

l48Y"l
129'/"1

88
121
44

81

134
38

{15%o)
(60%)
(25Y"1

(3s%)
(48%l
(17Y'l

(32Y'l
(53%)

11EY.l

39
152
62

21

25
19

15
31

19

10 (15%)

30 l46Y"l
25 (39%)

65

45
152
56

253

11$V.l
(60%)

122'/ol
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APPENDIX XVI

Whole Sample (minus non-clinical group, N=318) - relationship of a past history of pain at
the thumb base to the qual¡ty of the accessory movements of the T.Ml ioint

Movement History No History X2 value

significance

Distraction
Normal
Abnormal

A - P sliding
Normal
Abnormal

P - A gliding
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotation
Normal
Abnormal

Total (N=318)

31

34

22
43

20
45

38
27

37
28

39
26

32
33

65

l52%.l

(66%)

(6s%)

l42%.l

(43Y.1

l4OY'l

(51%)

170
83 (33%)

120
133 (53%)

93
160 (63%)

168
85 (34o/ol

176
77 (307o)

194
59 l23o/ol

169

84 (33%)

253

8.46
p ( .005

3.81
p (.05

.81

not significant

1.43
not significant

3.74
p (.05

7.35
p(.01

6.86
p(.01
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APPENDIX XVII

Whole Sample (N492) - influence of years of use of the thumb on the range and quality of
the physiological movements of the T-M1 joint

Years of use Mean Range Total

Extension Palmar-aMuction Opposition

0.5
6-10
11- 15

16-20
Over 20

F value

Significance

440

430

440

420

410

F = 2.73

p(.05

4go

4go

4go

470

460

F = 1.88

Not significant

F =.62

Not s¡gn¡f¡cant

121.5()

-1o

-.5()

aO-¿

aO-¿

85

86

33

167

492

Years of use

Ouality of
Movement 6. 100-5 11 - 15 16 - 20 Over 20

X2 value
significance

Extension
Normal
Abnormal

Palmar-

abduction
Normal
Abnormal

107 77
14 '12%1 8

78
I (e%)

77
9 (10%)

27
6 (18%)

124 19.25
43.26V'l P (.001l9%,l

105

16 (137o)

76
9 (11%)

26
7 l21%'l

107 38.73
60 (36%) p (.00001

Opposition
Normal 105
Abnormal 16 (13%)

Total (N=4921121

78
I

86

17o/ol

79
o

85

(e%)
24
I (27Y"1

33

88 81.22
79 (47Yol P <.00001

167
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APPENDIX XVIII

Whole Sample (N=4921 - relationship of years of use of the thumb to t'he range of the acces-

sory mouements of the T-Ml joint

Range of
Movement

Years of Use

0-5 6 - 10 11 - 15 16 -2O Over 20

X2 value
significance

Distraction
Hypermobile
NormaJ
Stiff

A - P slidins
Hypermobile
Normal
stiff

P . A glidins
Hypermobile
Normal
stiff

Medial gliding
Hypermobile
Normal
stiff

Lateral gliding
Hypermobile
Normal
sriff

Medial rotation
Hypermobile
Normal
stiff

Lateral rotation
Hypermobile
Normal
st¡ff

27 l22%"l
71 l59Y"l
23 l19%'l

21 l25%'l
5e (6e%)

5(6%)

21 (24Y"1

60 (70%)

5(6%)

10 (30%)

17 (52o/ol

6 (18%)

4l 2%l
106 (il%)
57 (34%ol

69.28
p ( .00001

29124Y'l
57 l47Yol
35 (29V"1

27 (32%l

441s2%l
14 (16Y"1

23l27%ol
48 (56Y'l
15 (17V'l

9l27%,l
16 l49Yol
8 .24%l

15 ( e%)

79l47o/ol
73 (44Y,1

40.71
p < .00001

25121%l
43 (35%)

53 (44Y,1

24 (28Y"1

30 (35%)

31 (37V"1

20 l23%.l
28 .33Y"1

38 (44%l

4 (12%ol

16 (4e%)

13 (39%)

21 l12%"l
65 (39%l

81 l4e%l

13.18
not significant

20 117"/'l
75162%l
26(.21V"1

1S (22%ol

56 (66%)

"lO l12%ol

15 (18%)

58 (67%l

13 (15%)

5 (157"1

17 l52v"l
11 (33%)

1'l ( 7o/ol

e5 .57%l
61 (36%l

33.77
p < .00001

42 (35%l

64 (53%)

15 (120/"1

36 (30%)

68 (56%)

17 l14%'l

34lfiOyol
44152Y'l

7 ( 8Y"l

25 (29V.1

49 (58%)

1',t l13%,l

36 (42y"1

41 (48Y.1

e (10%)

32137V'l
49{.57T,1
5( 6%)

16 (4e%)

10 (307")

7 '21%l

8 l24V"l
18 (55%)

7 (21%l

31 (18%)

81 (49%ol

55 (337")

48.10
p ( .00001

29 l17v.l
82 (49y,1

56 (34%)

39.90
p < .00001

26{.21%l
65 (il%)
30 (25%rl

17 l2OV"l
50 (597")

18l21%ol

23{'27v.1
44 (51%l

19 (22Y"1

2 .6%l
19 (58%)

12 ß6Y.1

13 ( 8%)

102 ß1%l
52(.31y"1

23.33
p < .005

Total (N=4921121 85 86 33 167
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APPENDIX XIX

Whole Sample (N=492) - relationship of years of use of the thumb to the quality of the

accessory movements of the T-Ml ¡o¡nt

Ouality of
Movement

Yea¡s of use X2 value

significance

0-5 6-10 11-15 16-20 Over20

Distraction
Normal
Abnormal

A - P glidins
Normal
Abnormal

P - A glidins
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotation
Normal
Abnormal

78
43 (36%)

75
10 l12%"l

69
17 (2OYol

26
7 l21%ol

70

97 l58%"l

70.47
p ( .00001

70
51 l42o/ol

46
3e {46%}

53
33 (38%l

15 38
18 (55%) 129 '77"/"1

53.90
p ( .00001

u
67 (55%)

39
46 (ilV'l

31

55 (æV'l
13 37
20 (61V"1 1gO lTgyol

2',t.65
p ( .0005

93
28123V.1

75
10 (12%l

73
13 (15%)

21 U 57.07

12 (36Y.1 83 (50%) p ( .00001

96
25l21Yol

77
8 ( 97")

70
16 (19%)

26
7121%l

76
91 (U"/'l

76.59
p ( .00001

97
24{'20%l

70
15 (18%)

77
9 (10%)

22
11 (33%)

94
73 l44%ol

43.36
p ( .00001

89
32 (26%l

73
12 l14Y'l

66
20 (23V"1

21

12136%l
80
87 (52V"1

47.36
p ( .00001

Total (N=492) 121 85 86 33 167
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APPENDIX XX

Whole Sample (N=492) - accessory movements of the T-M1 joint, relationship between range

of movement and incidence of pain elicited during examination

Totallncidence

of Pain

Range of Movement

Hypermobile Normal St¡ff

Distraction

Pain

No pain

Total

A - P gliding

Pain

No pain

Total

1 (1%)

102

103

3 (1%)

241

244

2 l1%'l

180

182

0

301

301

3 (1%)

277

280

10 (7Y"1

135

145

11 (s%)

205

216

7 (6%l

114

121

12 (9Y,1

119

131

(3Yo3

93

96

0

83

83

Yo11

93

94

0

313

313

3

489

492

14

478

492

14

478

492

7

485

492

13

479

492

10

482

492

16

476

492

P - A glidíns

Pain

No pain

Total

Medial gliding

Pain 0

No pain 70

Total 70

Lateral gliding

Pain 1 (1%)

No pain 158

Total 159

Medial rotation

Pain 1 l1%"l

No pain 129

Total 130

Lateral rotation

Pain 1 l1Y.l

No pain 80

Total 81

o/ol

%

11

239

240

2

264

266

2V"l

(7%l

11

82

93

7

89

96

1
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APPENDIX XXI

Whole Sample (N=492) - relationship between peri-articular thickening and the quality of the
physiological and accessory moyements of the T-Ml joint

Ouality of
Movement

Thick Not Thick X2 vatue
significance

Extension
Normal
Abnormal

Palmar-abduction
Normal
Abnormal

Opposition
Normal
Abnormal

27
46 (63%)

26
47 læ"/'l

22
51 lTOY'l

386
33 (8%)

365
U l13%.l

352
67 l16y"l

136.16
p (.00001

97.92
p (.00001

96.03
p ( .00001

Distraction
Normal
Abnormal

A - P glidins
Normal
Abnormal

P - A gliding
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotat¡on
Normal
Abnormal

Total

12
61 (84%)

1

72 (99%ol

I
65 (897o1

18
55 (75%ol

15
58 (79%)

23
50 (68%)

19
54 (74%ol

73

306
113 l27%.l

221
198 (47o/ol

166
253 (60%)

328
91 (22%ol

330
89121V'l

337
g2 (20v"1

310
1Og 126%'l

419

84.65
p ( .00001

64.21
p (.00001

21.10
p ( .00001

83.11
p (.00001

97.79
p ( .00001

73.32
p (.00001

63.40
p ( .00001

Thick = peri-articular thickening
Not Thick = no peri-articular thickening
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APPENDIX XXII

Whole Sample (N=492) - relationship between peri-articular thickening and the range of the
acGessory movements of the T-Ml ioint

Movement Range of Movement X2 value
significance

Hypermobile Normal St¡ff

Distraction
Thick
Not Thick

A - P gliding
Thick
Not Thick

P - A gliding
Thick
Not Thick

Medial gliding
Thick
Not Thick

Lateral gliding
Thick
Not Thick

Medial rotation
Thick
Not Thick

Lateral rotation
Thick
Not Thick

2
81

102

3
91

153

b
124

25
288

22
222

46 (63%)

50 (12v,1

50 (68%)
95(23y'l

49 167%"l

167 l4o%ol

43 $ÐY'l
78 l19o/ol

44 160o,/0l

49 (12Y"1

42 (58o/ol

il (13Y'l

104.90
p (.00001

66.50
p (.00001

22.18
p (.00001

57.44
p ( .00001

98.26
p (.00001

80.49
p (.00001

35.50
p ( .00001

291

69

6

272

23
217

21

161

25
241

248
39
92

322
7g

(53Y"1

(220/"1

Thick = peri-articular thickening (N=73)
Not Th¡ck = no psri-articular thickening (N4191
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APPENDIX XXII¡

Non-ctinical Group (N=174) - relationship between range and quality for each accessory

movement of the T-Ml ¡o¡nt

Ouality of
Movement

Range of Movement

Hypermobile Normal St¡ff

X2 value

significance

Distraction
Normal
Abnormal

A - P gliding
Normal
Abnormal

P - A gliding
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotation
Normal
Abnormal

18
14

16
15

10
28

5
42

7
69

I
28

7
23

I

20
30

21

50
0

34
0

24
2

17
2

90
27

57
38

38
29

110
f,

75
19

85
16

u
14

38.14
p ( .00001

32.51
p (.00001

39.84
p ( .00001

94.49
p ( .00001

61.91
p (.00001

73.45
p ( .00001

41.10
p ( .00001

0

31
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APPENDIX XXIV

Hypermobile Group (N=66) - a comparison with the non-clinical group (N=174) for the range

of the accessory movemenß of the T-Ml ioint

Movement Hypermobile
grouP

Non-clinical
gfoup

X2 value
significance

Distraction
Hypermobile
Normal
stiff

A - P gliding
Hypermobile
Normal
stiff

P - A gliding
Hypermobile
Normal
stiff

Medial gliding
Hypermobile
Normal
st¡ff

Lateral gliding
Hypermobile
Normal
sr¡ff

Medial rotation
Hypermobile
Normal
stiff

Lateral rotation
Hypermobile
Normal
st¡ff

Total

37 156%'l
27 l41%.l
2 ( 3Y.l

36 (557o)

26139%l
4l 6%l

26 l40vù
18 (27o/ol

22 (33y.1

24{.36"/'l
40 (61Y"1

2{.3%l

43 (657")

20l3ovol
3(5%)

27 r41%l
3s (53%)

4l 6%ol

66

1e (11%)

117 (67yol

38 .22Y"1

32 ng%l
95 (55%l
47 (27%l

31 (18%)

67 (39%)
76 (43Yol

2"t l12y"l
116 (67%)
37 l21%ol

s0 (2e%)

94lily"l
30 (17%)

34l2OY'l
101 (58%)

39 (22"A1

26 fiãYol
98 (567")

50 (2e%)

174

il.47
p ( .00001

34.15
p (.00001

12.33
p (.005

25.12
p ( .00001

28.55
p (.00001

47.06
p ( .00001

25.64
p (.00001

43
21

2

65%0l

32Y.1

3V'l
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APPENDIX XXV

Hypermobile Group (N=66) - a comparison with non+linical group (N=174) for the quality

of the accessory movements of the T-Ml ioint

Movement Hypermobile
group

Non+linical
gfoup

Xz value

significance

Distraction
Normal
Abnormal

A - P slidins
Normal
Abnormal

P - A gliding

Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotation
Normal
Abnormal

Total

il
12|'lÙYol

49
17 (26%l

43
23 (35Y.1

62
4l 6Y'l

60
6( e%)

60
6(e%)

58
I (12Y'l

66

117
il l31%'l

80
94 (ilV.|

61

1 13 (657")

140
34l2OY'l

132
42 (24Y'l

127
47 l27o/ol

128
46 '26Y"1

174

4.28
p(.05

14.26
p(.01

16.44
p (.01

5.55
p (.05

5.86
p (.05

7.92
p(.01

4.83
p (.05
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APPENDIX XXVI

Female joints aged 20.29 years - a comparison between hypermobile (N-36) and non-clinical
(N=261 groups for the range of the accessory moyemenß of the T-l\,11 ¡o¡nt

Movement Hypermobile
gfoup

Non-clinical
group

X2 value
significance

Distraction
Hypermobile
Normal
Stiff

A - P gliding
Hypermobile
Normal
st¡ff

P - A slidins
Hypermobile
Normal
st¡ff

Medial gliding
Hypermobile
Normal
st¡ff

Lateral gliding
Hypermobile
Normal
stiff

Medial rotation
Hypermobile
Normal
stiff

Lateral rotation
Hypermobile
Normal
st¡ff

Total

22161V.1
14 (39Y'l
0

21 l58y"l
15{.42%l
0

14 (3e%)

10 l28%"l
12 l33%.l

14 (39%)

21 (58%ol

1(3%l

25 (69y"1

11 (31Y'l
0

27 l7B%ol
9l25Y.l
0

18 (50%)

17 l47Yol
1 I 3Y"l

36

5 (19%o)

20 l77%,l
1 ( 4V"l

I (31%)

15 (58olo)

3 (1 17")

5 (1e%)

12 (46Y'l
I (35%)

1 1.45
p (.005

7.41
p (.05

3.35
Not significant

1.73
Not sígnif¡cant

1 1.05
p (.005

1 1.18
p ( .005

7.35
p (.05

6 l23%'l
1s 173%l
1l 4%l

I (31%)

15 (58%)

3 l11%.l

e (35%)

1 5 (587")

2 | TVol

5 (1e%)

21 (81Y"1

0

26
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APPENDIX XXVII

Ouality of the Accessory Movements - a comparison between T{\f 1 joints with mild osteo-
arthrosis (N=l301 and the non-clinicalgroup (N=l74)

Movement Mild O-A group Non+linical
group

X2 value
significance

Distraction
Normal
Abnormal

A - P slidins
Normal
Abnormal

P - A glídins
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotat¡on
Normal
Abnormal

Total

75
55 ø2%ol

51

79 (61ot6l

77
53 |41%l

90
40 (31Y.1

117
57 l33%"l

80
94154Y'l

61

113 (65%l

140
34 (2OY.l

132
42l24o/ol

127
47 (27o/ol

128
46 Q6y"l

174

2.79
Not significant

1.25
Not significant

.51
Not significant

16.17
p ( .0001

4.44
p (.05

.47
Not signíficant

8.25
p (.005

40
90

{357o)
u
46

(6e%)

(42%ol
75
55

130

O-A - osteo-arthrosis
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APPENDIX XXVIII

Ouality of the Physiological and the Accessory Movements of the T-Ml Joint - a comparison

between moderate/marked osteo-arthrotic (N=68) and non+linical (N=174) groups

Movement Moderate/marked
O-A group

Non-clinical
gfoup

X2 value
significance

Extension
Normal
Abnormal

Palmar-abduction
Normal
Abnormal

Opposition
Normal
Abnormal

144%l

(53%)

(63%)

38
30

32
36

25
43

148
26 (15'/.1

146
28 116%.l

143
31 (187")

23.40
p ( .00001

34.13
p (.00001

47.51
p ( .00001

Distraction
Normal
Abnormal

A - P gliding
Normal
Abnormal

P - A slidins
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotation
Normal
Abnormal

Total

26
42 162%.l

I
59 (877")

11
57 lUY"l

21
47 169%l

31
37 lil%l

22
46 (68%)

68

117
57 (33%)

80
Vl (54Y'l

61
113 (65%)

140
34l2OY.l

132
42124y"1

127
47 (27o/ol

128
46{.26%l

174

17.O2
p ( .00001

22.il
p (.00001

8.34
p ( .005

53.97
p ( .00001

37.52
p ( .00001

16.20
p (.0001

35.24
p (.00001

23
45 (667")

O-A = osteo-arthrosis
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APPENDIX XXIX

Range of the Accessory Movements of the T{ì/11 Joint - a comparison between moderate/

marked osteo.arthrotic (N=68) and non-clinical (N=174) groups

Movement Moderate/marked
O-A group

Non-clinical
group

X2 value

significance

Distraction
Hypermobile
Normal
Stiff

A - P gliding
Hypermobile
Normal
stiff

P - A gliding
Hypermobile
Normal
stiff

Medial gliding
Hypermobile
Normal
Stiff

Lateral gliding
Hypermobile
Normal
st¡ff

Medial rotat¡on
Hypermobile
Normal
stiff

Lateral rotation
Hypermobile
Normal
st¡ff

Total

3l 4Y"l
34 (507o)

31la6%"l

3 I 4o/ol

25137V,1
40 (597o1

7 ll0%ol
23 (34Y'l
38 (5ô%)

41 6%l
28 l41y,l
36 (53%)

12 (18V"1

24 (35y"1

32 (47%ol

11(16%)
28l41o/ol
29 l43%'l

51 7!.1
36 (53%)

27 (40%l

68

19 (11%)

117 '67%l
55122V"1

32 ne%.l
e5 (55%)
47 (27y"1

31 (18%)

67 (3870)

76 (4y"1

21 (12%ol

116 (67%)

37 {.21%l

50 (29Y.1
gt (ilv"|
3O ß7Yol

34l2OV"l
101 (58%)

3e (22%l

14.28
p (.001

23.51
p ( .00001

3.60
Not signíficant

23.41
p ( .00001

22.83
p ( .00001

10.03
p (.01

4.15
Not sign¡ficant

15%ol

560/ol

29%ol

26
98
50

174

O-A = osteo-arthrosis
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APPENDIX XXX

Range of Accessory Movements of the T-Ml Joint - a comparison between the musicians
(N=70) and non-clinical (N=1741 groups

Movement Group X2 value
significance

Musicians Non-clinical

Distraction
Hypermobile
Normal
stiff

A - P gliding
Hypermobile
Normal
stiff

P - A glidins
Hypermobile
Normal
stiff

Medíal gliding
Hypermobile
Normal
stiff

Lateral gliding
Hypermobile
Normal
stiff

Medial rotation
Hypermobile
Normal
st¡ff

Lateral rotation
Hypermobíle
Normal
stiff

Total

13 (1e%)

55 (79"/")

2 | 2o/ol

I (1 17")

44{.63%l
18 126%cl

15 l22%'l
24134o,/"1

31144%l

6(9%)
47 (67'/"1

17 1240/ol

18126%l
42 .6ú"1
10 {.14"/ol

19{'27%l
43 t$2qol

I (11%)

8 (11%)

51 173%l
11 (16%)

70

19 (11%)

117 167%0l

38122Y.1

32 (18Y"1

e5 (s5%)

47 l27Yol

31 (18%)

67 l39%"l
76{r43Y"1

21 l12Y"l
116{.67V,1
37 (21%l

50 (2e%)

941æ%l
30 l17%"l

U l2OY'l
101 (58%)

3e (22%l

26 l15%ol
98 (567")

50 (2e%l

174

14.11
p (.001

2.11
Not s¡gn¡ficant

.59
Not signif¡cant

.76
Not significant

.75
Not significant

4.55
Not signif¡cant

6.06
p<.05
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APPENDIX XXXI

Musicians Group (N=70) - relationship of occupational use to the fange of the accessofy move'
ments of the T-M1 ¡o¡nt

Movement Occupational Use (years) Total X2 vatue
significance

10-14 15-19 20&over

Distraction
Hypermobile
Normal
St¡ff

A - P gliding
Hypermobile
Normal
st¡ff

P - A gliding
Hypermobile
Normal
stiff

Medial gliding
Hypermobile
Normal
stiff

Lateral gliding
Hypermobile
Normal
Stiff

Medial rotatíon
Hypermobile
Normal
stiff

Lateral rotation
Hypermobile
Normal
st¡ff

Total

4
19
I I 4"/"1

2
17

5{.21%l

10
13
1( 4%l

10
14
0

4
18
2( !Y.l

24

1

33
21 6"/"1

2
19
15 l42%.l

15.99
p (.05

14.09
p(.05

4.86
Not s¡gn¡ficant

4.26
Not s¡gnif¡cant

13.27
p (.05

8.72
Not significant

8.51
Not significant

7
17
0

5
5
0

2
5
3

4
4
2

1

I
1

13
55

2

I
44
18

2
6
2l2OV'l

I
o
0 (42o/ol1

5
13

(30%) 18 (50%)

22
525
3 (30%) 9|'25"/.1

4
25

2OY'l 7 (19Y"1

I
21

1Ùo/ol 7 l19Vù

15
24
31

6
47
17

18
42
10

19
43
I

1

5
4 l40y,l

10 36

3
28

5 l14%"l

I
51

11

70
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APPENDIX XXX¡I

Musicians Group (N=70) - relationship of occupational use to the quality of the accessory

movements of the T-Ml ¡o¡nt

Movement Occupational Use (years) Total X2 value
significance

10-14 15-19 20&over

Distraction
Normal
Abnormal

A - P glidins
Normal
Abnormal

P - A gliding
Normal
Abnormal

Medial gliding
Normal
Abnormal

Lateral gliding
Normal
Abnormal

Medial rotation
Normal
Abnormal

Lateral rotat¡on
Normal
Abnormal

Total

22
2 lg%,l

20
4 l17y,l

11

13 (il%)

21

3 (13%)

22
2( 9Y"l

23
1 | 4o/ol

22
2t 8vù

24

5
31 (86%)

10.29
p (.05

21.10
p (.00001

9.32
p (.05

9.10
p (.05

13.94
p (.0005

9.38
p (.05

10.53
p(.05

0
23
13 (367o)

6 11

4l4Oô/.1 25169%.l

10 55
15

21

49

47
23

49
21

56
14

47
23

37
33

5
5 (50%)

6
4 (40yol

28
16 l44%"l

819
2 l2OV"l 17 l47%.l

9
1 (10%)

24
12{'33Y'l

6
4 l4OY'l

19
17 (47Yol

10 36 70
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APPENDIX XXXIII

Measurement of Ouantity of Bone. Performed on all females over 40 years of age

Case No. Left hand
metacarpals
234

Right hand
metacarpals
234

Averageu
DL

Age %ile Bone
Density
NP

011
012

Dr -û
DL

013
014

D2 -d2

6.57
0.72
0.11
0.11

6.58
0.86
0.33
0.11

6.42
o.72
0.10
0.11

6.95
0.77
0.30
0.09

6.43
o.77
0.25
0.12

6.60
0.85
0.28
0.11

6.43
0.85
0.36
0.11

6.34
0.72
0.18
0.11

6.63
0.8Í¡
0.31
0.11

6.41
0.8Í¡
o.25
o.12

6.02
o.72
o.21
0.11

6.29
o.71
0.11
0.11

6.23
0.80
0.29
0.11

6.35
0.68
0.12
0.10

6.83
0.85
0.29
0.11

6.40
0.79
0.36
0.10

6.29
0.81
0.33
0.11

5.90
0.73
0.40
0.09

6.05
o.74
o.22
0.11

6.32
0.88
0.37
0.11

6.05
0.78
0.14
0.13

5.73
0.75
o.29
0.11

5.57
0.53
0.08
0.09

5.43
0.63
o.21
0.11

5.60
0.55
0.09
0.09

5.98
0.64
o.25
0.09

5.il
0.63
o.25
0.10

5.07
0.61
0.15
0.11

5.43
0.60
o.22
0.10

5.35
0.60
o.12
0.11

5.74
0.62
0.18
0.10

5.48
0.61
0.05
0.11

5.12
0.58
0.28
0.08

6.62
0.75
0.13
0.11

6.52
0.83
0.34
0.11

6.55
0.76
o.12
0.11

6.82
0.73
o.28
0.09

6.61
0.8Ít
0.29
0.11

6.58
0.89
0.34
0.11

6.39
0.88
0.45
0.10

6.34
0.75
0.17
0.11

6.66
0.84
0.40
0.10

6.35
0.85
0.28
o.12

5.70
o.71
o.21
0.11

6.25
0.70
0.09
0.11

6.39
0.83
0.34
0.11

6.40
0.70
o.12
0.11

6.74
0.85
o.27
0.11

6.38
o.92
0.26
0.13

6.36
0.87
0.36
0.11

5.98
0.80
0.34
0.11

6.13
o.74
0.18
0.11

6.33
0.84
0.34
0.11

6.08
0.78
0.16
o.12

5.85
o.74
o.22
o.12

5.58
0.56
0.15
0.09

5.63
0.65
o.24
0.10

5.50
0.58
0.14
0.10

5.95
0.63
0.24
0.09

5.76
0.63
0.18
0.10

5.47
0.62
0.15
0.11

5.19
0.62
0.27
0.10

5.47
0.57
0.03
0.10

5.69
0.63
o.20
0.10

5.46
0.61
0.12
0.11

5.25
0.60
0.11
0.11

35

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

0.10 43 10

0.11 5255t

0.10 47 10

0.10 55 25 t

0.11 54551

0.11 6575t

0.10 61 I

0.11 5050t

0.11 5050t

o.12 5190t

t

t
DL

015
016

Dr -e
DL

061
062

Dr -û
DL

069
070

071
072

Dr -d,
DL

073
074

D2 -d2

-T
087
088

D" -d,
DL

097
098

D, 4,
DL

101
102

D2 -d2

-'r

Dr -e
DL

103
104

D, 4,
DL

0.11 47 50 t
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Case No. Left hand
metacarpals

234

Right hand
metacarpals

234

Age o/o ile Bone
Density

NP

Average
D2 -d2

DL

111
112

Dr -û
DL

113
114

Dr -û
DL

127
128

Dr -û
DL

129
130

D2 -d2--õT
139
140

D2 -d2

--D'f
141
'142

L 6.48 6.22 5.45 6.69 6.27 5.59
D 0.88 0.88 0.67 0.85 0.87 0.79
d 0.42 0.35 0.31 0.36 0.32 0.35

0.10 0.12 0.10 0.10 0.12 0.11

L 6.46 6.21 5.43 6.44 6.23 s.il
D 0.75 0.80 0.65 0.74 0.79 0.59
d 0.34 0.41 0.29 0.38 0.39 0.20

0.09 0.09 0.10 0.09 0.10 0.09

L 6.34 6.23 5.75 6.57 6.24 5.59
D 0.75 0.72 o.il 0.72 0.77 0.60
d 0.32 0.9 o.21 0.35 0.39 0.19

0.10 0,09 0.08 0.08 0.09 0.10

L 6.04 5.76 5.33 6.01 5.86 5.27
D 0.90 0.8:ì 0.60 0.83 0.85 0.65
d 0.34 0.30 0.17 0.21 0.26 0.27

0.13 0.13 0.10 0.13 0.13 0.10

L 6.09 5.74 4.93 6.12 5.85 5.11
D 0.78 0.81 0.61 0.79 0.80 0.64
d 0.23 0.30 0.25 0.26 0.30 0.20

o.12 0.12 0.10 0.11 0.12 0.11

L 5.84 5.55 5.09 5.91 5.70 5.08
D O.74 0.74 0.56 0.76 0.70 0;64
d o.22 0.20 0.08 0.22 0.19 0.18

o.12 0.12 0.11 0.12 0.11 0.12

L 6.15 5.91 5.26 6.26 6.03 5.30
D O.75 0.74 0.57 0.77 0.77 0.57
d 0.20 0.17 0.12 0.20 0.17 0.14

0.11 0.12 0.10 0.11 0.12 0.10

L 6.72 6.56 5.66 6.68 6.41 5.55
D 0.78 0.82 0.52 0.79 0.56 0.55
d 0.34 0.28 0.13 0.23 0.18 0.19

0.10 0.10 0.09 0.11 0.08 0.09

L 5.81 5.58 5.30 5.95 5.69 5.38
D 0.78 0.75 0.60 0.84 0.77 0.65
d 0.34 0.29 0.25 0.31 0.23 0.23

0.11 0.11 0.09 0.12 0.12 0.11

L 7.M 6.76 6.00 7.U 7.æ 6.25
D 0.78 0.78 0.61 0.80 0.79 o.il
d 0.73 0.06 0.13 0.17 0.13 0.10

0.11 0.12 0.10 0.11 0.11 0.10

L 6.33 6.19 5.69 6.53 6.38 5.81
D 0.75 0.80 0.70 0.84 0.82 0.57
d 0.24 0.36 0.34 0.34 0.29 0.16

0.11 0.10 0.09 0.11 0.11 0.09

L 6.16 6.13 5.30 6.27 6.12 5.46
D 0.76 0.83 0.62 0.89 0.86 0.64
d o.22 0.14 0.10 0.25 0.22 0.13

0.11 0.13 0.11 0.13 0.13 0.12

0.11

0.09

o.12

o.12

0.11

0.12

0.11

0.10

0.11

0.11

0.10

o.12

45r

10

95 I

75 I

40 1

75t

70 1

20t

60t

35t

25t

75t

45

57

60

47

42

47

58

51

55

4',|

57

40

t

D2 -d2

-T
143
144

D2 -d2
DL

153
1æ

Dr -û
DL

165
166

D2 -d2--õr
167
168

D2 -d2
DL

169
170

D2 -d2-Tr
173
174

D2 -d2
DL
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Case No. Left Hand
metacarpals

Right hand
metacarpals

234234

Age % ile Bone
Density

NP

Averagew
DL

175
176

D, _d,
DL

177
178

D2 -d2
DL

179
180

D2 -d2
DL

181
182

D2 -d2
DL

183
1U

L
D
d

L
D

d

L
D
d

L
D
d

L
D
d

L
D
d

L
D
d

L
D

d

L
D
d

L
D

d

L
D
d

L
D

d

6.29 6.14 5.45 6.26 5.93 5.44
0.84 0.81 0.68 0.80 0.85 0.65
0.34 0.26 0.18 0.22 0.26 0.22
0.11 0.12 0.12 0.12 0.13 0.12

6.19 6.18 5.70 6.31 6.22 5.69
o.74 0.76 0.55 0.79 0.73 0.56
0.15 0.27 0.15 0.28 0.29 0.19
0.12 0.11 0.09 0.11 0.10 0.08

6.00 5.78 5.15 6.09 5.86 5.26
0.77 0.75 0.60 0.82 0.83 0.70
0.15 0.21 0.10 0.16 0.28 0.22
o.12 0.12 0.11 0.13 0.13 0.12

6.11 5.77 5.14 6.06 5.70 5.06
0.79 0.78 0.ô4 0.75 0.78 0.60
0.18 0.25 0.27 0.22 0.32 0,18
o.12 0.12 0.10 0.11 0.11 0.11

5.¿r4 5.50 4.85 5.63 5.53 4.89
0.76 0.81 0.65 0.82 0.86 0.68
o.20 0.32 0.22 0.35 0.38 0.24
0.13 0.13 0.12 0.12 0.13 0.12

6.33 6.05 5.38 6.50 6.40 5.75
0.74 0.96 0.69 0.77 0.92 0.70
0.35 0.37 0.27 0.33 0.39 0.24
0.09 0.13 0.11 0.10 0.12 0.11

5.80 5.62 5.00 6.17 5.94 5.36
0.83 0.80 0.75 0.84 0.84 0.80
0.29 0.30 0.25 0.41 0.41 0.33
0.13 0.12 0.13 0.10 0.11 0.12

5.96 5.95 5.11 6.34 6.09 5.24
o.77 0.77 0.59 0.90 0.85 0.67
0.26 0.33 0.19 0.46 0.49 0.34
0.11 0.10 0.10 0.11 0.09 0.09

6.59 6.27 5.54 6.60 6.46 5.73
0.76 0.73 0.58 0.77 0.75 0.65
0.27 0.30 0.23 0.32 0.34 0.25
0.10 0.10 0.09 0.10 0.09 0.10

6.37 6.28 5.45 6.43 6.26 5.53
0.85 0.91 0.66 0.83 0.89 0.70
0.37 0.37 0.20 0.30 0.35 0.30
0.11 0.12 0.11 0.11 0.12 0.10

6.31 6.20 5.61 6.41 6.10 5.74
0.78 0.80 0.67 0.83 0.85 0.69
0.28 0.33 0.35 0.30 0.38 0.32
0.11 0.13 0.09 0.11 0.11 0.10

6.22 5.90 5.35 6.56 6.31 5.56
0.78 0.76 0.60 0.80 0.84 0.63
o.24 0.28 0.25 0.26 0.22 0.17
0.11 0.11 0.09 0.11 0.12 0.11

o.12 5085t

0.10 47 10

o.12 5290t

0.11 59 70 t

0.13 54 100 t

0.11 43 45 I

o.12 5990t

o.12 71 100 I

0.10 5725t

0.11 5050t

0.11 4545t

t

D3
DL

185
186

Ð2 -d2
DL

187
188

D2 -d2
DL

189
190

Dr -d,
DL

191
192

D2 -d2

-'E
193
194w
DL

195
196

D2 -d2
TE

197
198

D2 -d2
DL

0.11 4645t



231

Case No Left hand
metacarpals

Right hand
metacarpals

Average
Dz -d2-õr

234234

Age % ile Bone
Density

NP
199
200u
DL

201
202

o2 -d2
DL

209
210

D2.d2
DL

225
226

D2 -d2

-Ð-'r
229
230

D2 -dz
DL

267
268

D2 -d2
-õT

269
270

D2 -d2
DL

271
272D3
DL

273
274

D2 -d2

-D-r
275
276

277
278

D2 -dz
DL

279
280

D2 -d2

5.87
0.75
0.26
0.11

6.97
0.80
o.28
0.10

D2 -d2

-E

L
D

d

L
D
d

L
D

d

L
D
d

L
D
d

L
D

d

L
D
d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

6.24
0.95
0.36
0.13

5.75
0.63
0.18
0.11

6.31
o.75
0.20
0.11

6.07
0.82
o.21
0.13

6.65
o.92
o.37
0.12

6.80
0.90
0.28
0.12

6.10
0.79
0.28
o.12

6.09
0.85
0.37
0.11

6.12
0.78
o.22
o.12

7.03
0.76
o.27
0.10

6.79
0.80
o.25
0.11

6.25
0.84
o.27
o.12

6.17
0.93
0.38
0.13

5.81
o.71
0.18
0.10

6.19
0.67
0.15
0.10

5.87
0.67
0.19
0.10

6.39
0.85
0.43
0.10

6.48
0.83
0.23
o.12

5.64
0.73
o.23
o.'t2

5.65
0.87
0.37
0.13

5.28
0.78
0.36
o.12

5.23
0.58
o.17
0.10

5.49
0.62
0.17
0.10

5.22
0.54
0.16
0.09

5.57
0.66
0.37
0.08

6.03
0.55
0.18
0.08

5.07
0.57
0.18
0.08

5.38
0.58
o.25
0.09

4.96
0.58
0.20
0.10

6.12
0.57
0.15
0.09

5.74
0.60
0.16
0.10

5.07
0.63
o.24
0.11

6.45
0.95
0.34
0.13

5.79
0.69
0.14
0.12

6.38
O.ÉK¡

0.26
o.12

6.01
o.77
o.25
0.11

6.76
1.O2
0.53
0.11

6.82
0.93
0.33
o.12

6.07
0.76
0.33
o.12

6.21
0.91
0.45
o.12

6.51
0.75
o.23
0.10

7.U
0.79
0.28
0.10

6.90
0.80
o.29
0.10

6.26
0.85
0.32
o-12

6.03
1.02
0.41
o.14

5.76
0.71
0.20
0.11

6.22
0.75
o.21
0.11

5.79
0.75
o.23
o.12

6.48
0.87
0.48
0.09

6.65
0.85
o.27
o.12

5.68
0.76
o.27
0.12

6.01
0.89
0.45
0.11

6.04
0.73
0.28
0.10

6.91
0.86
0.25
0.11

6.75
0.80
0.30
0.10

5.85
0.85
o.32
o.12

5.36
0.84
o.29
0.14

5.20
0.59
0.13
0.10

5.56
0.61
0.21
0.10

5.27
0.58
0.16
0.10

5.64
0.69
o.32
0.10

6.01
0.64
0.15
0.10

4.92
0.66
0.15
0.10

5.54
0.69
0.30
0.11

5.24
0.64
o.23
0.11

6,09
0.59
0.22
0.08

5.77
0.64
0.18
0.10

4.97
0.66
0.18
0.13

0.13 49 100 t

0.11 5350t

0.11 4750t

0.11 52 55 I

0.10 55 25 t

0.11 5760t

0.10 68 50 t

0.11 6475t

0.11 52 50 t

0.10 5825t

0.10 5725t6.66
o.77
o.25
0.10

6.02
0.85
0.36
0.12DL

o.12 66 100 t
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Case No. Left hand
metacarpals

Right hand
metacarpals

Average
D, -û

DL

% ile Bone
Density

NP

Age

234234
281
282D3
DL

295
296

D2 -d2

DL

297
298

D2 -d2

-T
317
318

D,4t
DL

D'.d,
DL

431
432

6.37
0.79
0.16
0.12

6.36
0.89
o.12
0.12

5.61
0.68
0.19
0.11

6.22
0.69
0.19
0.10

6.56
0.85
0.28
0.11

6.44
0.80
0.23
0.11

6.28
0.85
o.25
o.12

6.91
0.85
0.28
0.11

6.16
0.66
0.27
0.11

6.45
0.78
0.23
0.11

6.68
0.80
0.30
0.10

6.63
0.87
0.39
0.11

6.05
0.69
0.11
0.11

6.14
0.86
0.32
o.12

5.67
0.63
0.30
0.09

5.79
0.81
0.38
0.11

6.45
o.77
0.34
0.09

6.05
0.75
0.21
0.11

6.27
0.78
0.25
0.11

6.61
0.82
0.36
0.10

5.94
0.71
0.30
0.10

6.30
0.82
0.31
0.11

6.58
0.81
0.30
0.08

6.18
0.87
0.41
0.11

5.39
0.46
0.04
0.08

5.55
0.68
0.20
0.12

4.82
0.53
o.17
0.10

5.04
0.59
o.17
0.11

5.60
0.64
o.24
0.10

5.32
0.62
0.18
0.11

5.M
0.57
0.18
0.09

5.75
0.60
0.17
0.10

5.08
0.61
0.20
0.11

5.70
0.70
o.27
0.11

5.89
0.70
0.29
0.10

5.65
0.62
0.23
0.09

6.57
o.77
0.11
0.11

6.50
0.92
0.37
0.12

5.93
0.69
o.26
0.10

6.32
o.74
0.17
0.11

6.58
0.90
0.29
o.12

6.45
0,76
0.22
0.11

6.42
0.84
o.27
0.12

7.10
0.88
0.33
0.11

6.14
0.68
0.31
0.09

6.45
0.83
0.21
0.13

6.80
0.88
0.37
0.11

6.63
0.90
0.45
0.10

6.33
0.77
0.08
o.12

6.30
0.87
0.41
0.11

5.76
o.73
0.28
0.11

5.82
0.79
0.27
o.12

6.39
0.80
0.39
0.10

6.13
0.78
o.23
o.12

6.30
0.81
0.22
o.12

6.65
0.93
0.32
0.12

5.85
0.75
0.35
0.10

6.35
0.88
0.35
o.12

6.At
0.79
o.27
0.11

6.21
0.88
0.39
0.11

5.65
o.M
0.03
0.08

5.56
0.65
0.19
0.11

5.04
0.60
o.22
0.11

5.00
0.58
0.16
0.11

5.60
0.63
0.24
0.10

5.29
0,59
0.16
0.r0
5.44
0.61
0.23
0.10

5.72
0.66
0.18
0.12

5.01
0.58
o.24
0.10

5.63
0.68
o.20
0.11

5.t!Ít
0.67
0.28
0.09

s.68
0.68
0.25
0.10

L
D

d

L
D
d

L
D
d

L
D

d

L
D

d

L
D

d

L
D

d

L
D

d

L
D
d

L
D

d

L
D

d

L
D

d

0.10 47 12

o.12 5795f

0.10 5850r

0.11 44 50 t

0.10 7160r

0.11 4550t

0.11 58 70 t

0.11 64 75 t

0.10 44 20 I

o.12 53 100 t

0.10 4725t

t

319
320

D2 -dz
DL

321
322

D2 -d2
DL

323
324DU
DL

325
326

Dr -û
DL

397
398

D2 -d2

-õT
405
406

D2 -d2
DL

429
430

D2 -d2

-T

0.10 40 25 t
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Gase No. Left hand
metacarpals

Right hand
metacarpals

Average
D2 -d2

DL

Age o/o ile Bone
Density

234234 NP

445
446

D:-d,
DL

447
448

D2 -d2

-'r
463
464

D, --d,
DL

465
466u
DL

469
470

Dr 4,
DL

491
492

D2 -d2T'r

6.01
0.74
0.2s
0.11

6.32
o.77
0.31
0.10

6.51
0.75
o.23
0.10

6.78
o.74
0.22
0.10

6.50
0.89
o.22
0.13

6.81
0.78
0.33
0.09

0.11

5.81
0.75
0.30
0.11

6.09
0.70
0.20
0.11

6.37
0.75
o.12
0.12

6.28
0.81
0.20
o.12

6.69
o.77
0.34
0.09

0.09

4.79
0.55
0.17
0.10

5.39
0.54
0.14
0.09

5.80
0.59
0.11
0.10

5.62
0.66
0.13
0.11

5.91
0.54
o.20
0.08

0.12

6.30
0.80
0.35
0.10

6.46
0.82
0.31
0.11

6.93
0.82
0.27
0.11

6.48
0.89
0.27
o.12

7.00
0.74
0.25
0.09

0.11

5.79
o.77
o.24
0.12

6.12
o.72
o.25
0.10

6.61
0.78
o.20
0.11

6.32
o.82
0.13
0.13

6.64
0.80
0.29
0.11

0.09

5.01
0.50
0.13
0.09

5.42
0.55
0.13
0.09

5.90
0.58
0.26
0.08

5.56
0.71
0.16
o.12

5.85
0.59
0.14
0.10

L
D

d

L
D
d

L
D

d

L
D
d

L
D

d

L
D
d

5.83 5.20 5.95 5.82 5.14
o.74 0.52 0.78 0.72 0.52
0.26 0.17 0.26 0.21 O.15

0.11 62751

0.10 5128t

0.10 50 25 I

0.10 61 50 t

o.12 40 75 t

0.09 60 10 t
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