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PREFACE.

There is submitted in this thesis a theory of the
mechanisrm of the hip joint opposed in its rost fundarentail
conception to the presently accepted '»all and soCket' view. Yet
the bpasis is strictiy morvrhological: the results are founded on
the systematic examination of over one hundred Cormplete Jjoints
supplenented by more extended Observation of those detaiis
especially controversial, an¢ inCiusive off the detailed study,
and in many cases of section, of a large nurber of nacersted
bones. Thrbughoutqthe ﬁajor part, of the worlt the usual lines of
anatomical research have been foliowed,- the adult foruation has

» peen Compared to and Contrasted with the erbryonic, the
comparative; and the pathologiCal howmoliOgue: buhb ve belkéve it
is with profit that a reversion has been rmade to the physical
aspect of organic structure.

Cf so0 vast a literature as exigts on the
hip joint it is hardly pOssible, nor is there need, to have
indicated the whole. The most permanent contribntions have
been freely consul ted, and personal verification made of the
facts accepted.

Cer tain of the sections in*to which subdivis-

ikipn has been nmade may seen to have obtained an undue eriphasis,

- but &t is hoved that it is possihle to recognise throughout

§h§ %ltimate aim,~ the establishment of the mechanism of the
Jointe -




INTRCDUCTICN.

The present tendercy iﬁ the expianation of
the mechanism of 2 joint is to refer Lo all its Lovements in
terms of ar tificial corbinations. This error, as ve be]ieﬁe,
has arisen through the non-recognition of those prinCiﬁles of
construction which are peCuliarfgb organic joints. Reference to
the various theories of the nmeChanism of the hin joint, or
rather %o thoée r.ain views of which there are many minor
modifications, mayv be rade subservient to the consideration of

the fundarmental differences bhetween a rechanical corkination and
an organised ar ticuiation. The oldest theory and that which is
8till most widely held was advanced by the hrothers WmB%R.

Herein it is held that the hip joint is a ball anc soCtet joint=
that the aCetabuliur. is the accurate counterpart of the head of
the fermr! that the two articular surfaCes agre curved to the sane

racius and both are verfectly spherical: and that the 1ir.its of

Ui

norual rioverient are found through the checting action of the
Joint ligaments and the liganentous action of the surrounding
rusCles, these alonc heing heid sufficient for +the production of
YA
Fhe stabiiity 5{1001p1ete extensiorie Tn this acceptation ﬁhe
essential princinies of a rechanice} corrination are defineé: the
opposing surfaces are surfa=Ces of revoiution and all sections at
Tight,angles to their axes are mathematical circular arcs: alj]
moverients at the joint are of pure rotation round one of *+the
axes, or of a combination or interrmediate of any two, and the

Curvature of the path described by any point on the 1irb ray be



directly assoCiated to. the roving surface within the joint:
further, thé who},-'e. action areas of toth articular surfiaces at any
given moment of time in any of the movenlents ConCelivec arc in

to tal contact, Coincidence, and Congruitr, and any forther
mé’vement in the sare plane, positive or negative in ¥ind, would
in no degree lessen the amount of surface coOntact. The effects
of the continuation of such totality and Constancy of srface

r .
action, the attributes of a uechanical corbhination, mav at once

be reCognisedgra‘é such as would, t:hriofugh constant pressure 2.
determining disintegration of Jjoint surfa.ce,"as will occur in an
organic joint and which may noty 1ike a similar change in an
artificial couple, be rermedied hy outside interf’erence;.lead 0
the speedy injury of joint constitution and thg early inefficiency
of the performance of joint functior, The second theory of the
meChanisw of the hip joint, therefore, eliminates the totalitbv
of action of the articuiar surfaces at any given roments
According to KCWIG the joint surfaces are trukly spherical but
that of the acetabulum is of a greater radins, so that, theoret-
ically, the two bones are resting together at only one point in
any poOsition of the articulation. On Corparison with the theory
of the WuBZR3' that of KCNIA is in fundalental agreerient
Fegarding the Ccircuiarity of the articuilar arOs:;requir‘p'tq, a
retention of the description of the o crents of.", the joint as
those of rotation. 1In fundarental difference is the Jocalisation

v Y21
of the surface contact, corollary to which is the underlying
A

~.f

principle that all other suwface areas are, at that given rowent,

inCongruous or inactive: in all, a due recognition of the
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principie of the mechanisii of an organised artiCu]ation,;ithe
necessity of the succession of frmchrional contact and of a
period of rest or inactivity, during vhich there ray be a
restoration of the deterioration of organised natter incidentaj
to its term of activity. I[n objechtion, however, to XONTIA'S
theory is the riniral nature of the possible Congruiby in those
positions in which s+tahiiitv is characteristic_of the joint:
for no spherical Corhination, aftificial or 6%EerWise, and in the
latter even in the highest activity of ligawentons or rmsCular
support;:;;ért fror an itmossibie internaj pmjtipiicitv of
ligamenﬁ or an unnatural raintainencCe of rmsCular contraction,

v
1ity with a contact confined to one nereédian.

=

a0 retain its stab

The suOCeeding theories, therefore, are foun%'po‘be essentially
ndal s

similar %o one another in their definition of the only Further

rational pnodification of the ConstruCction of a stahie Corhination,

LY

iglthat—thére~§%“h?T&—%®4he a departure of the joint surfaces

frow the spherical forwm, thus ensuring not oniv the required

sucCesgion of surface contact but 2iso that the areas of

«congriuence ahe_Of dimensions sufficient for *+he functions of

the joint: bu*t in the rodifications p1t forward by ARBY and by

KRAUSZ there is not a definiteness such as might have been

expeCted if founded on the viorks of MIYRR, of MEISSN®R, or of

LANG®R, while BCODSTR'S contribution is lacking in descriptive

P I ke EYA ,.4-, é‘;é .

detail, possibly throusW net having Leen Conpieted for publication.
As defined by ARBY from the resuits of measurerients, and
Suppor ted by the facts of Couparative anatonmy, the head of the

v

fermr is no* svherical but is 'an obiique pole segrent of a



D

rotationsl ellipsoid'. GOCDSIR, on *he other hand, does no®
attempt to define the geometric i‘ofzz;s of' the héad of the ferur or
of the acetabulum, or those %o which vthef\ff ;:.;ovs.t Cilo0seiv attain,
but states that the meChanisn of the joint isi in the 'a]vterfnate
ac tion of two screws, the head of the fermr being 'facetted' in
two sebarately acting areas, anter ior and posterior in position.
These ConCiusions are fully entered into later, bnt it is
necessary to recognise that dependent oniy on these or on sirilar
views is there the application of the fundamentai principles
of organic Jjoint Construction to the elaboration of the nieC hanist
of the most highly modified human articuiation, the hip joint.
In brief enunciation these principles are:- that sections of
the articular swfaces at right angles to their axes are not
matheratical arcs, so that they are not surfaces of revointion:
that ths rnov erents within the joint, influencéd_ by the
configwation of its surfaces, wﬁl not me rovenents Of sirpje
rotation: that the whoie of?éither ar ticular surface ﬂ*ﬂ@paﬂb ,
b2 in reciprocal ~congr‘uence. with its‘:c On:-lement in any position
of' the Components conCerned, bhu* w-ia‘—lm in part in action and
in part inactive or at rest.

The high degree of modification of the
human hip joint is devendent on its dual function: for not oniy
does it require to serve as the sole Zeans of iocometion in its

atwibute of aluost excessive mobility, but its stability must be
‘3.»‘& ': EEE .

of a maxinmm;’requisite to form the sole means of tr‘ansmiésion of
the vhole body weight, ¥or both purposes the same morphological

detaiis are, in their function, effiCient. Pirst, the reciprocal



configuration of the sevarately acting areas of the opposirig
articular surfaces: second, the gniding and suvrpOrting action
of tke joint ligaments anc the acCessory Capsular sfructures:
third, the initiatory and con®rolling wechanism of the joint
miscles. A series of simnie é;&ndnations will define the relative
activity of these factors as determinant of the rioverents
within the joint. Bv disarticulation at the sacro-iliac
synchondrosis and section at the anter ior syriph¥sis an entire
iinb is isolated from the trunk, and frorm the meivic aspecﬁ an
'acetabular window' is formed, leavisg intact the synovial
ﬁ@nbrane and the extra=-synoviai fat. The pelvic element 1is

fixed,-ahd means adopted to record the position of the 1lirB at

the limits of the roverents of flexion and extension. 1. The
Fé

244

gynqyial meribr ane is.intact - Commenc ing from the position of
semi-flexion, the 'riid-nosition', allow the weigh+ of the 1irh
to determine its position in full extension. During the whole
roverent and with a perceptible increase tovards its termination
the extra—synOIiai fat is proftruded into the ovening rade at the
aC etabuiar fossa. Cn reversion to *he 1.id-position a recession
of the fat within “he cavity ocCurs. On nassing onwards to the
position of fuli filexion anc¢ on subseaquent rever sion, exaCtliy
simijar nowerents 0f vrotrusion and T aCesgsion are undergone by
the fatty pad. A hand placed on the lirdb dur ing the whoie
exCursion of the moverent from full flexion to full extension
detecCts no hweak of articular surface contact at the morent

when the fat is at rest between the tvo phases of moverent.

2.

Rerove the synovial neubrane and the overiying fati- The



head of the fermr is visible in its roverents whije the iir b
performs its excursion fror. the mic-position in roth directionse
Without enter ing into detail the 1o erent of the heacd as a vhoie
Lay be observ e¢ as a progression forwards, upwards, anc inwards
throughout the nositive phases of both moOtions, anc as a
reCéssion througp an opprosite path during the reversion 1o the
n.id-positione ’Sl.Ajl the rmscular sftructures romnd the joint
are reroed, ]eéVing the capsule erntire: destroy the surface
Cohesion between the articular'elements:- In the r.icd-poOsition

the capsule is of a jiaxity sufficient *o allow the head of the
fermr to be separated from contact with the acetabulur, the
apical displ&cement.amounting to 1. to 1.5 Ccus. Cn vassing
towards the position of extension the head is reinfrocdéucecd within
the acetabulum, so that at the conclvnsion of the roverent it has
travelled along a path simiiar to\thOugh more extended than‘

that indicated abowe: and there is no inCrease in the awpiitude
of this moverient of +the iinb. 4. Corpletely section the Capsuie
ané divide the 1iganentum teres, so that there is no organic
/QopneOﬁion tetween the feraw and the pelvisi- Tntroduce the head
of the fermyr within +the aCetamulum a3 Bar as is possibie in the
mid-position, and r.aintaining its contect with the acetabulur,

by pressure frow vithout, aiiow the lirt %o vass towards the
extended position. The head of the ferur r.oves along the
previously descrined nath, but at the roment of £he-00ntinuat10n
of the nmfeﬁent bevond the forrer 1ir.it of extension the
articnjer sul"f‘:acés wiii he detected fo Treal coptact in vhat

Lay be terrec a 'surface dislocation', and the heac of the
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fermr recedes from the acetaﬂﬁiun; ‘The share of the artiCHiar
surfaces, therefore, anc no* the tumscuiasr or iigaren*tous
connec tions, is the uitirate deterﬁinant of the morenenfs of
- the bones reiative %o one another"mitﬁih‘thé-joint. |
We pDronose to-aﬁproaCh'ﬁhe‘stui?“of,the
neCchanism of the hip joint fron the-thfee'stégeé‘Qf~the foregoing
exper iment: to deterrniine,
1. the action of the joint rmscles:
2. the uechanisr: of the cavpsule: and;
3, the configuration of thé ar ticular swur faces.
In each section we deal first with the
‘rmorpholdgy of the structures ConCerned, ané subsequentliy with

their 'physical anatomy' and nmeChanisr.
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THE MUSCLES C*» THm HIP JCTNT.

The functions of rmseular tissue

relative to the mechanism of a Jjoint ray thus be sdﬁmarised:f_
| 1. the displacement in space of one or both.6f its,
osseous attachments:
2e the fixation of its attachments in certain of the
positions of displacCement, either oy active
contraction and the estahlishment of balanCe hetween
its opposing groups, or by a ligamentous action,
according to the relation of the vosition assumed %0
the possinility of action of the other fachors
involved in the determination of stabiiity: in +he
full action of these other factors rusCular Contract~
ion is unnecessary: and,
3.‘the retention in contact of the opposing joint
surfaces in those positions in which the laxity of
 the ar ticular Capsule night permit of a sevparation.
We shall treat of the ruscles of the

hip joint according to these definitions.

1t_THE MUISBCLES A5 #RRAECTCRS COF MOVEMANT,
N The attitude of standing and the

o RN g

Lotions of walking are thosg}d{ all £ which the body nay

perform)that have been thought most suitable of explanation on

1. There are, of course, points eof rorrphological immortanCe in
ConneCtion with the nuscles of the hip joint, put as these in
the main relate to their possihrie foritation of the Ccapsular
iigarents, thev are discussed with the worphology of the
eapsule.
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Lechanical principies. It is orobably on this ground that so
divergent are the conciusions arrived at: for thg ranner of-
maintainance of the equilibrium on Ttoth 1inhs)of dn Qné is as
variable as the variety of" body attitudes aséun@d, is shared in
by the whole body, and is not a veCuliar function of the hip
joints. The essential funCtions Of the saCral extremities are
not suCh as are Concerned in the preservation of nhalanCe, but as
agents of Wansmission of the already equipoised hodyv weight:
and as means of vrogression, so that the essential roverents of
their couponent articulations are those of the plane of the
progressive novement. In biped progression, especially,
acC essory movements are necessary at the proximal articwvliation,

[ A RN
in that it w&i}*ﬁém;egééfed that the gravity line of the bhody
should be Ccapablie of a range of displacernent sufficient to
establish its direction, alternately, in that of the axis of the
suppor ting unit%,a&égiiese displacemen ts of the trunk will be
inflec tions about an antero-posterior axis, an¢ further, to
permit of the forward roverent of the tody, rotations round a
ver ticaj axis, T%e§e acCessory roverents are constantly

Qoo ¢ BYs o

ascribed to the ferur »s abduction and adduction, and?£6tation
internally and externally, so that the classiﬁicatiOﬁqof theys a-»

3
[4 7 21T o MRS

primary movements of the thigh as-these “in--adé¢ittom-te the

g,

essential moverients of flexion and extension is useful only as

desCriptive of its possible displacements relative to the trunk:
for the actual noverent of the iirb in the Inotion of progression
wili be defined in the plane of progression, though the relative

ovement, and such as wiil o€cur at the joint, may be a
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combination of the three aiternativess. Acceptiﬁg;_however, the
traditional description of the movements as those of +he ilirh
and without reference to those occuring at the joint, an analyvsis
of their extent and incidence is require@.(l) It is not* practic-
able to determine a position ffonlwhich roverent of the limb in
every direction would be of equal arount, so that reCourse is
made to what is termed the 'normal position' from vhich the
ariount of movenent in any direction may he measwreds. In this
position the 'mechanical axis' of the fermr, that is the line

. from the centre point of the head to the centre point of the
~extremity at the knee, is vertical, and if Continuec¢ downvards
passes through the centre voint of the antle joint: as seen
frorm the front the ‘anatowmical axis' of the shaf*s forrs with
the mechanical axis an angle of 5° to 79, and the vplane of the
pelgic inlet is inCliined £0 the horizontal at 55°. Fron this
position fliexion in a purely ver tical direction is possihle to
1210, and extension may be carried out through 130, the total
possible exCursion in this plane thns heing 1340. (BRAUNR® gives
1350, WEBER 1390.) The influence of the accessory noOvements on
the range of r.0tion in this vlane is such that a orbination of
any of the alternatives to any extent will diminish the total
exCursion, apart frow an inCrease of 1.5° when 0° of rotation
is combined with 5° of abduction, (MEY®Rs) From the 'norral

AN . . ) . (2)
rosition an excursion of abduction and adduc tion in a plane

1. The descrintion given is founded o.a that of R ICK.
2e As descriptive of these nwenents we would prefer the terr of
side elevation' from and towards the trunk, and to refer to
the movements of abduc tion and adduc tion when the bone as a
whole is carried away from or towards the median piane.
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at right angles to the former vertical is possible to the extent
of ?4 , while rotatory t*ovements rotmd the mechanieal axis(

ri;ay occur through 497, On mapping these figures and those
obtained in other planes of movement on a graduated sphere, the
extent of movement in any given norbination may be determined :
and an analysis of such demonstrates that the greatest amount
of both fl.exion and extension occurs in a corbination of

abduction and external rotation: and further, that the direction

FLSM O I
ABDUCTICU UCRhAL 103ITTOhN.'
AXia OP lIAXTMil
hcvRhmT.
Aig. e

The movements of the right hip joint as
seen from the front, (after RICK.)

of this movement is not in a plane parallel to the vertical
but inclined from It at the completion of extension, (fig.l.)
1# It is of Course freely admitted by FIOK that rotatory

movements of the limb cannot tale place at the joint
round the axis of the shaft.



An analvsis of the action of the rmscles

}/:{'.

productive of the vrimary roverents of the lirb also defines

the Conposite nature of the displacerent resultant of .thg

with aection of

contraction of any unit or group. (Table 1.)
TABLE T

Flex. Bzt AbduC, |AdGIC. | Re7xtefReInte.
Glutenax. ¥ + *
Flut.med. + + +
Glutermine + + *
Fyr iforrnis. + + + B
Orte.int. o+ + +
Genelli. + A
Qiad .fer. + + ¥
AdducC .riag. + + + + ¥
AdducC Jbrev.| 4 + ¥
Adduc.long.| 4 + +
Gracilis. + +
Fectineus. + 1_' ¥
ReCtfernq + + +
Tlio=-psocas. + +
Tens.fefers] < + +
Semitend, ¥ + +
Semimemb . + + +
hiceps. ¥ + +
Chteext, + + +
Sartorius. + T T 1

Corpiled fromn various sources.

is not reck¥oned as a feroral rmsCle.

The popiiteus
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units we are not at present Concerned: but it will be observed
from table 1 that the full action of the sum of the units

produc tive of extension is such that its aCCessory aceormanirents
will be abduction and external rotation of the limb, or those
movements of the trunk which would determine these relative
then in operation, would tend to prevent the body rolling
inwards on the 1irb by the Closer approximation of the articuiar
elements at the hip joint. There are other facts regarding the
aétion of these hip joint ruscles which richt well be discussed,
but relative to the nechanism of the join* all conform to one
principle: that whatever be their course of contraction, or
whatever the conﬂoinaﬁion in which they may Contract, there are
no changes in the position Of the 1imb,\#rith-is the only
result of their COntraction;>whiOh will produce nioveuwents of

the joint of which it is noOt already capable in virtue of the
shape of its ar ticular surfaces é,nd the Connections of its
capsular ligaments. The action of rmscles is expressed in
noverent of the bone, but the re:ative configwation of the

ar ticular elements determines the novements at the jointe

2. THE CHECKTNG ACTICN CF MI3CLES.

In the experiment described in the
introduction it was indicated that af ter removal of the rmscles
from the joint pr‘eparation.there was no 'incr'ease in the
amplitude of the movement of extension. In other directions,

however , the possible excursion of the 1irb is angrented ! and



this 4is the result of the absence of the ¢hecting action of
) (1)
rmuscles.

The inc idence of the limitation Of 1irb uovement
through mugcu],ar action nay be determined by a Comparison of
the 'ellipses of moverent' of a preparation with the rmscles
intact an@ of one in which the ligaments alone are preservedes
(FICK.) Such a cowparison demonst-ates that the rmscular:
checting meChanisn affects mainly the excursion of flexion and
adduction, the elilipse of uovement of the liganmentous prepara,tion
exceeding that of the entire lirkb throughout these areas: in
the ré,nge of extension and abduc tion, on the other hand, the
ellipses are identicai, so that if there be a rmsCuiar ChecCling
of these motions.its action rmist be Coincident with that of the
capsule. The outstanding fact of the ineidence of the muscuiar
iimitation of uovenent béing’that the vositions in which the
rusCles beCone active are those that are unusual, it is possibie
to indicate in somwe measure, the nature of 1msculsr action in

;
[1«Lab\f/ 1Az, G2 TA

i’és__;cheCking reCc hanisme Between the separate srticulations of

Lr';‘l' At oecer ’

a livh there is such an interdependence of n.or er.-;ent'li;hxle&gf—‘h the

assoCiated action Of ruscles pertaining %o riore than one of the

joints, that normal movements at one joint are, norrally,

Continulusly associated with or produc+*ive of definite and

peculiar riovements of the others: and in the supporting lirbs

1. The f'_ixation of the Jlirb by active muscular Coptraction ocenss
only 1n~unnatura1 vositions,in wvhich the factors normally
productive of stability are necessarily inactive, and for

liniited periods of time. This aspeCct Of the checking action

£ va - .
of wmmsCles, therefore, does not concern the mechanism of
the joint.



of man, as in those of Other anirals, even though the 1.0/ éments
of individual segrents of the jirb he in ovposite directions,
the uitimate aim of the Corhination is the estahlishment 0of the
lirb in a position of stahijity, and its retentiorn in that
position in the entire absence of aCtive rmscular Confraction.
The norrial checking mec hanism of rmsCies is not, then, in their
active contraction. At the hip joint the 1limi* of flexion is
reached in the action of the hamstring group: andéd the position
of cormencelient of their action on the exCursion of riovement
depends on +the state of the vnee jointe. TIFf that joint if flexed
fuller Plexion Of the hip mav be obtained than if the Vvnee is
extendedQ The iirit of motion is the result of the shoriness

of rusCle, in function an approach to that of ligamentous
structure: (CLRLAND!) and this shortness of msCie is only
apparent in positions which are mnusually assnred. It is found,
therefore, that there are no great ind¥ idual differences in the
amount Of movement allowed at the hip joint? and if an excCess

of riovement is possible in acrobats, dancers, and sirilar vpeople,
it is confined to *those direc tions in whic ’1 ra1sC les normajly act

(1)
as the cheCking vechanisn, ané is the resuit of 'training' at

those early reriods at vhich rmsCles exercise no lirmiting
action. Yo far as nor:ial rotions are Concerned ruscles have no

part in the limitetion of the novelnent.

1. KBITH prought vefore the Anatomical Seociety in Nove. 1896,
(QOur. Anat, % Phys. vole3l.) a Punjabi, who could throw his
linbs into abnormal posi+ions owing to a power Of hyper-fiexion.
There was, however, no hyper-extension possible at any jointe
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3, THE ACTION O® MUSCL®ES IN RETATNING TH2 JOINT SURFACTS TN CCNTACT.
A nechanical Colibination is ajiways so

constructed in the nrecise reciprocaj configuration of its
suwrfaces that a separation of its elerents in tneir action is
impossible: either in viktue of the grasv exercised tv the Jonger
arc of one of the cormonents, or through the constant action of
weight superirmosed from the exterior. Crganic joint surfaces,
at jeast those Of the diarthroses, on the other hand, wil} not
of themselves remain Coincident, tut are retained in Contact
through the action of those struc tures which form their
superficial investment, the peri-ar ticuiar capsule and the joint
nmsclessl) The forﬁer structure, however, being inéapable of
alteration in its Jength, wili, during the moverents of 1its
attachrients, te in states of varying tension? in cer tain positions,
those of approxiuation of its attaChments, the cansule wiil he

slaCk, so that, in respect to it, dislocation o the joint

t

surfaces is possibje. The Capnsule, then , viil oniy be the
reans of Letaining *the joint elerents in contact in those
positions in which its fibres are fuily stretched, and in the
hip -joint this is the nosition of extensions in all other ﬁOSitions
the surfaCes are held together iﬁ the action of the rmscles, }n
the absence of Qiibh’senaration LAY be effected, in the hip
joint at semi-flexion to an extent of 1. t0 1.5 €ms.
The rmsCies so act on the joint, first in
their active contraction, (fig.2:) and it has been determined by

FISCHZR that the'joint couponent' (A) of the resuitant of

te The skin and superficial fasCial bands are omitted.
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contraction (') is, in li.ost ca*es, actually of greater quantity

than the’disp].acei:/Ent couponent’ (B). Secondly, as aresujt of

NMNig, 2.
The ’joint action (A) of a contracting muscle ).

their stretching when func tionati?ing as an

'opposing group’,

muscles attain their ligamentous action, and act as joint

approximation forces : and this mode of action becomes of firs't

impor tance when the joint cociponents are pjaced at acnte angles

to one another, (fig,3,) for then the 'joint component’ (A) of

Vig. 3.
The ’ante-joint action' (A) of a contracting

muse1e, (F) with an acute angle betv-een the
joint elements*

the acting muscle (F) is acting, not so as to bring the joint

surfaces together, but really so as to force them apart. Again,

even if none of the -muscies of a joint are in active contraction



but are 'at,resﬁ', they are, in virtue of their tonicity as
evidence of the activity of the nervous systery, stili powerfnl
factors in hoiding in contact the joint surfaces. "he effects
and direction of action of this tonicity are demonstrated in
the shortening and vulling upwards of the limb which ocCur in
fracture of the neck of the fermr.

Ariong the joint approximation forCes it 1is
necessary to mention those of 'mojeculiar cohesion' and 'air
wressure' ! and rore espeCcially as hoth have a bearing on fjoint
function.s ¥or the action of the former force it is essentlas
that the opposing surfaces should be apsolute]y rec iprocal,
perfectly~smooth, and in eontact *through a swface fiuid
nediunie The primary condition i8 unfulfilled in arganiCc joints,
since, (and we quote ¥IOK, Teil2.83.42,) "the joint swrfaces
are not fuliy congruent with one another". This force then,
plays but a small vart in retaining joint contact. The
meChanism of air pressure as a joint approxination f@ce has
been very fuily studied by the WiEBERS and their pupils, and
is explained by ther on the foilowing prinC iples. The separation
of tvo unyieiding surfaces within a Closed space will gi e
rise to a vacuum intervalil if the containing wallis are solid:
and on reunoval of the force of separation this vacuum will
act so-as to re-estab]ish the sur face contacte If the containing
walls are upobile or vieiding, however, they wil] Collianse as
far as is possihie and soO long as they are under pressire aho®e
that of the vacuun, until they obliterate that interval, TIn

the hip joint the head of the femr is so grasped by the
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cotyiloid ligament that the acetabmliar cavity begores the Closed
space in which the rovewents happen: ané the 'capsule space',
jateral to the jigament, is not in corrmnication with that
cavity nor do Ioverients of unyielding ejements relative to one
another oceur within it.(:H The wail of the acetabuiar cavity
is morphologically of two parts, a sojid unvielding veripheraj
or articular part ané a central vart forred of a rohrilie rass
of fat, the acCetabular extr‘a—ss,‘nOVia,] pade and this latter part
of the acetabulsar =aJl nay react directly to the external
atrmospher ic pressure in that it Corrmnicates with the extra-
acetabuiar structures through the scetabular gap. The sevaration
of the head of the femr troem the acetapuinm, theretare, would
e attended vy two results: f‘irstls’it woulc ﬁroduCe a 'colliapse'
of' the acetabuiar fat to occupy an apical loss of contact, and
second, the s01ié elerents Could only separate fror one another ,-
beyond an interval which may be oCCupied by synovial fluid,
against the action of the vaCuum whiCh would be Createds

This force of ‘'air pressure' then, plays
some Considerabie part in the joint rechanism, hut it is
necessary Lo deterrine its quantitative and qualitatiwe relation
to the 'tmscular pull' in holding the joint surfaces together .
Cn this subject reference ray be nade to the detailed researches
of' BRAUNE, ®ISCHRER, and A.R.FICK, ajl of whom have arrived at
the conClusion, in corplerent rather than in opposition t0 that

of the WEBER'S, that "it is through the mmscle pull that the

l. Tn an intracapsular fracture of the neCk such rovenents wouid
oCCUuYr . ‘
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joint surfaces are no*%t oniy brought into intirate Contact, and
retained there, hut are tightiv pressed against one another:
that the air pressure acts in a similar ranner though in
varying degrees® and that both forces are necessary, for neither
the one nor the other can act alone in retaining the swfaces

in contact in all the different positions of the ]inb.“




PART T WO, '
nf #PHE GAPSULE OF TH® HLP JOINT."
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A. THE STRUCTURE CF THE CAPSULR

1. GENERAL ANATCMY.
The articuiar capsule of the hip joint is
a fibrous stratum of very unequal thiCkness investing the
joint cavity, and lined with synOvial mevbrane. It -is divisibie

nto two parts, peripheral and intra-articular. In shape it

[

is a fruncated cone, the base being attached riore or less
round the acetabular nargin and the apiéa] part on the nect
ancd head of the ferur. It is uniikelyv that in soOie virtue of
its cone shape the capsule exercises anv retenti;;Aaction on
‘the head of the ferur.

With the exception of the position of the
acetabular not&h the basal attachment Of the per ipheral capsuie
is to the bony acetabular rim, and leaves, espeCiaily posterioriv,
the outér surface of the Cotyioid ligament free. At the
aCcetabular notCh the capsule is fused with the Wansver se
]igamént and the outer swface 0f the cotyloid ligament, but
the sharp peripheral nargin of the latter rerains free. As
there is no bony attachrent of the capsule redial to the

»transvgrse ligarent, a gap is left between that Jiganent and
the bone: tloodvesseis, therefore, do not perforate fhe capsule
in passing into the acetabuiar cavity nnderneath the ligament,
and expulsion of the extra-gsynovial acetabular fat, occuring
at the Completion of extension of the 1irb, is perrnissible
through the gap. It is to be noted that this gap is not a

Capsular deficienCy, but is between aCetahular elements, and
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and that the intra-ar ticular portion of the capsule 'completes
the investirent of the joint, (fig.#.) On the ferroral necv the

anterior capsular attachn?nt is to the ir ter trochanteric line,

— -ACetahular gap

Transverse ligament

itynoVial memhrane

Fig. 4.
Vertical section of the hip joint through the middle of
the ligamentum teres. {diagrarirnatic .)

and traced in a medial direction passes posteriorly ahove the
lesser trochanter at the 'pre-trochanteric f ossa’ . (FOIRISR*)
The line of the posterior capsular attachment is about the same
distance from the articular margin of the head as it is in
front, so that it lies .8 to 1. cm. above the intertrochanteric
ridge.(l) Over the superior border of the nech the attachment
is medial to the trochanteric fossa. The posterior femoral
insertion of the capsule is everyv.here weak, and apart froiri a

few longitudinally running bundles is accomplished through

arched, coneentric, distally concave fibres. In the concavities

1. OAFPSY seemis to have originated the description that the
Capsule was attached posteriorly nearer to the margin of the
head than it is anteriorly.
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of the rost inferior bundles there is only a laver of synovial
repbrane to renresent the capsular waii. Anterioriy,

guper iorly, and infer ioriy the Cansule consists of longitudina.
Pivres suverficial to and insevarabiy,with deeper liavers
running obliguely and circularliv. The question as to whether
anv or all of these fibres ray bhe derived directiy or through

a phylogenic retrogression fron the surrounding rmscjes 1is

Cconsidered later s hut it is necessary to exar:ine here the

statements of cer tain authors, (PRAXER,) that the cansule

[

S
reflec ted back on the neck and is thns Causative of the
synovial retinacula. The rost satisfactory rethod which
could be deternined on, was to split the capsule in%to Jlavers
and to foijov each layér to its ultimate osseous attachiient.
By this means the conClusion was arrived at, that the capsuie
is not refjected back on the(necv, neither in the foe*tns nor
at any subsequent veriod: that eaCh fibrey, which hacd a fenorai
insertion at all, was fixed in the neighhourhood of the inter-
trochanter iC j ine: but that wealr bundles, indefinite hut

der ived fror. the Cansuie, nassed with the vessels aljong the

neck towards the rargin of tHhe head, reaChing the vessels at

[

their verforation of the capsule anc terminating by blending
with their suverficia] walis and with the superficial structures
of the nectv round the nargins of the vascular forarina.

Those fibtres of the capsule which are
longitudinal run in a straight course oniy in a seni-fiexed
position of the limb, so that with a Change of position in

either direction the capsule is twisted on itself in a spira:
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manner « These fihres éfé ényang£d in speciaiised action groups.
and as such are desCribed as ”Capsular ]igarents': and the
sirdilarity of the roverents at this joint in ali peovies,
determines the g?eat'unifornitv of" the arrangement of these
‘strengthentng' or 'action' bands. Between these bands the
capsule is very pmch thinner. These thin parts are sitnated
under the iiio-psoas rmscle in front, in the neighbourhood of
the acetabuiar notch below, and posteriorly in the region of
the great sciatic notch: anc¢ fror. two voints of view erphasis
has been laid on their incidence. Wirst with regarc to the
rorphology of the capsular ligauents, it has been pointed out
that the wealr parts of the capsule éorrespond to the areas of
super iriposition of rmscles? and second, that at their origin
they Correspond asccurately with the depressions of the acetahu:.ar
rim indicative of the positions of fusion of its couwmonent
elerents, the thicker ]ligarentous parts, on the other hand,

ar ising from the intervening elemental protuberancess. Both

desCriptions are Cconsidered beiovw.

2. THE CAFSULAR L[GAMENTS.

The Capsular jigarents of the hip joint
are among the best Ynovn struCtures of huran anatony, so that
only a short description of each will be neCessarys.

A. The ilio~ferioral ligament Consists of
two varts, a superior or lateral band and an inferior a mnedial,
and these are, and should be C nsidered, distinCt structural

and finc tional units. The 1ig, iiio-femorale arises fron the
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anter ior infer jor iiiac spine under the ftendon of the L. Yectus
feroris, and on the acetabniar vim poster ioriy froi: this flor 2.
to 3. cms., so tha*t it is seen frorm behind. Tt vasses ontwards,
downwards, and siightly bvackwards, in the nlane of the axis of
the neck, and inserts itself on t0 a suall, though usuallv weil
defined tubercle, (tub. €olli sup,, WACAT,'STRR,) on the upper
end of the inter rochanteric Jjine, irmediately medial to the
insertion of the 1. giuteus mine. Tt is the shortest of the
capsular Jigaments, (6 Cms.,) and the strongest of the bodv. (1.
to 1.5 cms, thick.) The l1ig. ilio-ferworale nediale is a less
powerful band, and is less Closely united with the deener
capsular eleients. 1t arises frow the anter ior infer ior 1iiaC
spine anter ior to the former band, and passes almost ver ticajlivw
downwar ds, paralliei tO the axis of the shaft in the uoright

position, and is attached beliov on a srmalj endneénce

e, (tub. coOJii

inf., MACALIATER,) at the redial end of the Inter troChanter ic
line ]_aterai L0 the small WwoChanter. 1Tt is jonger than the
Yateral liganent, (8 Crs.,) but distinCtiy less thiCVv (5 Crs.)
Be The ischio~-fer.oraj jigament is the next
strongest jongitndinal Band. T4 arises fror: the ischial part
of the acetaruiar rim near the gr'oove for the tendon of the ri.
obtubtator int., and airost imsediately posteriolt to the origin
of the lamera) ilio-feroral band: and passing, in the erect
rosition, almost horizontaliy outwards, only very slightiy
upwards, is inser ted near the troChanteric fossa ciose +to the
ComienCelient of the inter trochanteric jine. T+t thus winds itseif

round thes posterior and upvper surfaces of the fernoral neCl.
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The description of WEB®R., which has led *o the cdesignation of
this 1iganént a3 'i@chio-Capsular', that the pand fivres are

not inserted into0 the ferur but pass circularly to forr nart

of the zonular band, is certainiy not wholly correct. The

main rass of the finres, inClusive of alj the snperficial strata,
does obtain an osseoﬁs feroral attavhnent, but it wiil not be
denied in that a few of its deeper fibres nix with the circu.ar
group the band has a weal Capsular insertion. HSuperfiCiaiiy

the ligament fuses with a fibrous expansion of the tendons of
the pyrifornis and obturator Internus,(FRABER,)and gluteus
minirmuse. The ischio femoral ligament is about 7. Cms. long,

l.2 Cmg., broad, and «3 to <4 Cus, thick.

(1)
C. The pubo-femoral band, the wealest

0]

of the Jongitudinal argregations, is the rost variable in i%
developlient. The average heasuretent at its thiCkest part is

o1 Cm,, its length 7¢5 cus., and breadth 2. to 3. Cus. T¢

arises from the acetabular margin of the pubis and the anterior
surface of the ilio-peCtineal] eminence and, in the erect vosition,
passes obliquely Iateraliy anc dovnvards to gain insertion at

the inferior nmedia! end of the intertrochanter i¢ l1ine fusing

there with the rnedial iiio~ferioral bvand. 1t is placed between

the m. pectineus anc the i:lo-psoas tendon, and is in intirate
struc tural re:ationship with the m. obturator ext. ty a bundle

of fibres which lose thermselves in the capsuia” wall and which

in a redial direction ray be *raced to a fusion with the

ex ternal layefs of the obturator merbrane.

D. The zonular band consists of those firres

1. The designation of this band as 'pubo—Capsular' is incorrect...
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of the -cabsule whixc"»hv, descr 1hm;ja coupletely ¢ircnjar path and
obtaining nowhere an 0sSseous a.tta'éﬁnienﬁ, in themse]x’fes forui a
closed ringe There are on record, hov,ré’ver_, a nuber of different
descriptions. WEBER describes the ha,_nd as one which arises fror
the anter ior inferior iiiaC spine and passing pdster o—la‘tera}.?‘&’
in the capsule wall returns anter iorily to its posibion off origin:
LANGER €lains that all transverselw running fitres of the
capsule are derivatives of the iiilo-Ilcuoral and pube-fenorali
ligarents: HENKE says that at its insertion the iiio-femoral
band serves as the sole origin for the circular firmres of the
.capsule. That these views are inConmliete rather than inaccur ate
was first demonstrated by HENLE and subsequently in greater
detail by WELCHER:! for eaCh described the zonular iigament as

of ¢ircularly Complete fibres. These circular fibres lie

deepest in the Cansule so that they are seen frori its interior
after revoval of the synovial uerbrane, and only anpear superficialil:
pOsterioriy between the isCchio-femoral and puto-fer.oral bands,
Theyv encircle the neck of the ferur tansverse to its axis
throughout the whoje of its extent, hu*t are so much gathered
together at the antero-iater=]l part of the nec¥, that at about

2 %o 3 crse. under the anter ior infer ior ijiac svine they for:m

a distinCt band «5 to o7 Ccrse. thick: anter ior and posterior to
this aggregation the fiitres are jess closely drawn together

so that the band is wroader and thinner. Superficiai to these
Circujar fitres are those which, more oblique in direction,

arise from the longitudinal ligaments and mingling with the

elements of the zonular band form connections between that and
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the other capsular elerents: and of these connections that with
the pubo-femoral is the most intimate. 1In virtue of 1its
concentration on the lateral part of the neck the diameter of the
zonular band is smailer than that of the head of the fermr.

Be The ligamentum teresi- The fenoral
attachnent of the jiganentum teres is accorpi ished throngh two
rain roots, and an inconstant accessory bundle hnetween them, 1O
the anterior.part of the teres fossae. AL the aCcetabular insertion
the essential elements pass to the extremities of the ar ticunlar
sickie, the accessory root to the iig. Wansversum acetabuiie
The anter ior root is the shor ter and weaker, is usualiyv reddish-
©oloured, and is Compietely invested at its pubic insertion by
the peripherai capsule. The other part of the ligament, the
posterior, ischial, or white root, is longer, thicrer, and
broader than the anterior roet, and though attached primarily te
the posterier horn off the ar ticular acetabunium, reaches under the
transverse ligament so that it Can be reCognised in the peripheral
capsule, 1In the interval between these bands and arising from
the Wwansverse ligarent, and inConstantly and insecurely fror the
acetabular f'ossa, is the accessory group of weak fibres. That
par t of the jigarent which serves in the adult to deronsirate
its capsuiar origin in “hat it leaves the acetabular cavity ray
be observed in var ious degrees of develonment. Most Corronly
af'ter passing under the transverse ligament the issueing fibres
riingle with the neighhouring 1igamentous origin of the merivhersa]
Capsule: Jess frequently, though WHLCHRR describes it constant,

the continuation of these fitres on the inner surface of the



capsule in the interval betveen the pubo-ferioral and isChio=-
feroral bands ray be traced for 2. to 3. ¢cmse: and this bunble,
and not as suggested by KYITH the 'refjected ligament of the
femoral neck', represents the original continunity between veripheras
and intra-articular Cavpsular elerents.

Though C¢ases have bheen described in which
the 1lig. teres was only partially developed, or again entirejy
represented by svnovial merbrane or even in which it was Complietely
absentgl)normal dirensions for the ligarent ray be stated., 1In
length it is 2. to 2.5 Crs., «5 t0o .8 cns. broad, and as a flat
band, its shape when funCtionally active, «2 tO «4 Cr's.e thiclk,
The strain it is canable of resisting is 6C to 70 kilos.

The position of the Jigarient 1is snch that
while laterally it rests Oon the head of the fernr redialiy it is
in Constent reiationship with the acetabnlar vnad Of fatl so that
during the moverents of the head of the fermr it is never placed
between cartilagindus surf'aces,s This fact haz given rise %0 the
view that the Haversian pad and the vhole non-articular part of
the acetabmnlun are eonditionai on the presence of the round J)igarment:
so that if the iigenent is absent the pad of fat is wanting and

the articular surface is commietes This view is considered later,

3. THR ACCESSORY CAFPSULAR STRUCTURRES,

UInder this heading we in€lude the
synovial penbrane and the extra-synovial fatty pads, hoth structures
which received riore Consideration at the hands of the older
1. Tn none of thz desCriptions of these Currances to which we have

had access has any heed been taten of the possiviiity of a

previous disloCation of the joint, for the developr.ent of
which there nust be a ruptuwre of the iiganente.
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apatomists than they do =%t the pres‘ent day.

Ae The extra-svnovial fati~ The term 'syriovial
pad' is applied t0 a mass of vascularised fat invested by
synovial merbrane locCaiyy rodified for the production of synovia,
(HAVERS.) 1In addition to the glanduiar funCtion of the covering
rembrane, which has led t0 their desigmation of 'Haversian gJ ands',
as a whole these rasses act as riovable pads which are dr‘av-fn
into and occupy *“he spaces which wonld otherwise occur hretween
the articular surfaces of Jjoints duriﬁg their action. This
separation of articular surfaces is pecniiar Of organic joints,
and to £ill the pnotential intervals riovable and yielding strucetures
are required: such are found in two modifications. Tf space
ajone is to be ocCupied synovial vads fuifil the requirerents,
but if resistance to pressure is an additionél function fibro-
cartilaginous tissue is necessary: and since these structires
are necessary in the articuiar mechanisrm, theyv are constant and
reguiar in position in each joint, ané associated with each pad
is a synoﬁial r.eC hanism for reguiation of its moverents. TIn
Connection with the hip joint there are three synovial pads? two
are in relation to the articular rargin of the head of the fernr,
and the third is.situated in the acetabniar fossa. The fenoral
vads are vpiaced in the sx1;>erior‘ and intrerior concavities of the
arti¢ular margin at the nedial ends of the retinacula of the
neCk. Both are so freeiy movablie on the under =lying tissues of
the nec¥ that on semi-flexion of the },iinb, when the peripheral
capsule and therefore the retinacula are relaxed, these pads

Yeact %to the suction action generated within the joint, and move
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8o that the inferior Coues to iie on the pubicC part of the
aCetabular margin, and ocCupies an interval which wo1ld otherwise
be Created between that portion of the acetabular swface and
the receeding margin of the head. When the infer ior‘retinacuia
are stretched, as ocCors in the tightening of the capsu.ie in
extension and hyper-fiexion, they puil on the synovial pad and
flattening it on the neck of the feuur rermove it from any
possible intervention between the ar ticuiar surface of the
acetabulum and the advanC ing rargin of the head of the fermr,
These synovial pads, then, are viaced so as to equalise the
uneven ar ticular margin of the femoral head in its varying
position on the uniform margin of the acetabulum, and their
‘'synovial nmechanisms are the retinacula of WEITBRECHT. The
acetabular synovial pad is piaced in the acetabular fossa
superfic iai to its thin easi:iy detached veriosteum, %0 whicth it
is movably unitec¢ by weak ligamentous ConneCtioans and snmall
vascular cChannelss. The Cconnection is so siight that the whole
pad may be 1ifted off with a scaipel handie, The armount of the
rass varies individualiy, and ray here and there seer: to be
deficient espeCiaily in the upper part of the fossa, but norraliy
it is of voiume rore than sufficient to £iil the acetabilar
fossa, the excess heing necessary in its function. The
movements of this pad are such that on semi-flexion of the 1lirb
it passes into the acetabulum under the action of the snetion
force of the joint, and abolishes the interval which wouid
otherwise ve produced by the apica) displaCenmen* Of the head

of the femwr: and this moverent is visibie from the peripheral



aspect of the joint as an 'indrawing'of the structures superficial
to the aCetabuiar gan. OCn extension of the }irio the exbessive
portion of the pad is visibly protruded through the acetabular
gap, and reaches tha* position not by an exvulsive action~ of* the
advancing apical part of the fenoral head, bt by reing activelv
withdrawn by its peculiar synovial retinacitla attached to the
superfieial part of the Jiganentum teres,.

We believe, then, that these svnovial
pads are active accessories of the ar ticular mechanism in their
func tion of oCCupying intervals which would otherwise ocCur
between the more wnvieiding articuiar surfaces? and that their
movements are controijed by bands of synovial} merbrane, the
retinacula, which are attached on the one hand to the surrounding
capsule and on the other are Connected to the fatty masses.

B. The synovial membrane:- The syvnovial merbrane
of the hip joint is in extent and attachment in corr.on with
that of other diarthroses, but there are the retinacula of
WETTBRACHT (er 1 igaments of :‘iTANLE‘Y) to lend it a peculiar
intereste These retinacuia are readiiv recognised on the
interior of the cansule as fiattened bands passing inwards towards
the rargin of the head of the femr fror the attachment of the
peripheral ecapsules Frol: a rather nixed and often negativ.e
literature the f"é].}cvring description may be selec ted as expressive
off current opinion regarding their constitution: the retinacula
are arranged in three groups, superior,middle and inferior:
structurajly they are svnovial covered Capsular refjections:

norphelogically the inferior set is said %o represent the



persistent retinacujurn of the invaginated Jigarencur:. teres,
(KBELTH, PARSCNS2I) functionally they are devejoped either %o
prevent intracapsular fracture of the nek (FAWCETT,) or if that
has already occurred as a reans of fixation of the fragnents,:
(CUNNINGHAM,) Cr.itting many very nossibie Criticisms of any or
a1l of these views, we state the ConClusions we have arrived at
frorm a study of their ontogenyv anc comparative anatorive The
retinacuia are developed over the biood vessels which perforate
the capsular attachment and pass along the neCk of the fermr *to
enter the foranina towards the ar ticular nargin of the head.
Frorn their capsular perforations these vessels cderive and Carry
inwards indefinite fibrous prolongations of the Capsular waii,
which are covered over by reflections of the synovial rnembrane.
The fibrous prolongations terrinate by fusion with the
superficial struectures of the neck at varying and indefinite
distances fron their origin, while the synovial rerbrane passes
onwards to the fatty masses at the car tilaginous margin of the
head. The retinacula thus constituted may he placed in three
groups, and such a division is in definite and direct relationship
to the positions of the vascuiar forarnina of the neclr, We

have determined these facts in the aduit hwman subjeCt, in some
of the donestic Carnjyorasl) Certain of the ungulatail’ and in
~one of the Jower ropnkeyse In the early human erbryo the lig.
teres is completely free at the first appearance of the joint
Cleft: in the erbryvo tapir a synovial mesentry binds the ligarent

l. Tn these groups there is neither superior retinaculum nor

superior synovial pad owing to the shape of that area of the
artieular head,
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to the capsule wall, while in the adult the ligarent is grasped

as in the adiit muan subjiec t,(WELCHRR:) in the walrus and sea-
cow, where the Jinb pertains to the reptilian tvve, the

ligament arises within the joint cavity permanently enfolded

in a synovial reflection from the capsule wali,(MCSER.) Ye

hold therefore that the infer ior feroral retinacuiun cannot be
the persistent rerains of the riesentry of the invaginated 1ige
teres, but that such should, and possibly does occur, as the
retinaculum of the acetabula¥ svnovial pad,(also described by
WEITBRECHT,) which ar ises in relation tO the extra-acetabuiar
part of the ligamemtul teres (WELCHER) and invests the vessels
passing through the acetabular gap to the acetabular synovial
pad. At their nedial exftremities the fenoral retinaculay as
ajready indicated, forrn the superficiai covering of the feroral
synovial vads, and these and that reiated to the acetabujar

pad form a meChanisr, invirtue of their capsular connections,
for the regulation of thé riovements of those rmassese At birth
the retinacula are of reiativesy iarger size than in the aduit,
but rather than describe this as evidence of "a natural means
of prevention of separation at the hyalo-chondrosis af a time
of 1if'e when, in virtue of our want of thought, there is most
need for it",(FAWCETT,)(l)we=WOuld assoCiate the fact with

the relatively larger biood vessels which pass to the heac at

2 »
that period. We put forward, then, these definitions regarding

1+ At birth the 'hyalo-chondrosis (iee. the junction of cartiiage
and bone) would of Course be situated on the shaft of the

bone beiow the Jevel of the trochanters. (v. '@piphysis of
the head,) D1
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the feroral retinaculat their incidence is céincident with that
of the Dplood vessels of the epivhysis of the head and rietaphyvsis
of the neck, as deteriined by dissection in the reGent speC iren
and by analywsis of the vascular foramina in the macerated bone:
" they are refiections of the synovial merbrane over the fibrous
sheaths of these vessels, and the sheaths are indefinitely
derived frorm the capsule wall® none of them possesses any neculiar
viorvhological significanCe, but they are developed where thev
wiil be free from direct Capsular or inter-articular pressure,
and are assoCiated with the bjood vessels and synoviai pads,
permanent purposivejy and precisely-in those situations, and:
serve as a protection for the former and as an active reChanisn

in the func tion of the Jatter.

4, THE MCRPHCLCGY OF THE CAPSULE.

The present descriptions of the morpholiogy
of the ecapsule of the hip joint affirm that it Consists of two
parts, true Capsule and false! the furner is described as the
derivative of the eafiy riesoblastic joint boundary, wﬁi]e the
latter is held to be a secondary accession of extra-capsular
tissues, aCCording tO0 one view rmscular regressives, (SUTTCON,)
in the-OpiniOn of others inter-ruscujar fascial condensationse
(MACALISTER.) Beyond a statement that the peripheraj
ligamentous bands are the accessories, we have heen 1nahle to
disCover a description of the exact denercation between the 'true'
and 'false' capsular elements, but even in the absence of this
basis both hypotheses of the origin of the false structwes

are rmch advanced and found therselves on the fact that where
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nusclies or their tendons are COntigﬁoué with the capsule there
is no develonient of the capsule wail in the form of capsular
ligarients, so that the cavsnije in those places renains thin.

We do not hesitate t0 deny tHhe necessity of the separation, nor
to affirm that the who:e capsule is an ontogenetic entityve and
we do so fror a study of its comparative anatomy, its human
ontogeny, and of the rechanism of the capsuiar ligalents.

" A. The counparative anatony of the capsulei:- The
peripheral capsuliar ligaments are fomnd in the anthropoid apes
developéd to the:same. extent as (WICK, PARSCONG,) or even more
prominently than (KBITH) in man, but in the Jjower monkeys their
‘definition is not so well parved: the zonular band is not
.evident as separarie fivres in either groupn.(¥ICK.) Arong the
quadrareds the Capsulie is not markedly differentiated at any
part, but it was thickened dorsaliy in all of those ve have
exguined, (Carnivors, rodentia, ungulata,) ovwing to a
cevelopuent of the jateral iiio~ferwcial ligament., The Capsule
is of a laxity sufficient to allow a separation of the articular
surfaces froiu. One another, and as deterr.ined by a comparison of
opposite joints (in the cat) the cavsuiar iimitation of rovenent
is active onjy in adduction of the jower extremity of the bhone
in the supporting position uf the 3irtb: and this iimitation
OCCurs in the tightening of the ilio~femoral ligament and of
the ligamentum teres., In other directions the lTimits of
noveuwent are more indefinite, and are accomplished ﬁyvthe action

p;
of the surrounding mmscies, which, in Contrast to the human

Subject, are disposed in Contact with the whoje superfic ies of
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the capsuie. There are no acCessories to the Capsule frou these
rmscless The comparative anatory of the lig. teres, the rost
persistent of all the Capsular ligaments, is known vetter than
that of any other joint iiganent. The following are the riain facts.
The reptiiian feramr is Carried outwards somewhat perpendiCular to
the long axis of the body, and its movements are baClwards and
forwards on a vertical axis through the head. The Cavsule of the
joint is thickened lateraily and medially and eaCh ©tand Consists
of two nartse If the fermr of this type of joint is forced
ventrally the medial band tends to enter the joint cavity thus
deronstrating the phylogeny of the iige teres. 1In ronotremes
and in ﬁhe three- and two-toed sloths the ligament is still extra-
-articular and part of the perivheral Cansule: in marsupials and in
certain of the edentata the ligament is within the Jjoint though
still attached t0 the peripheral capsule! in the other species in
which it is present the liganent is more isoiated fror: the rest of
the capsule, though it rayv retain a resentery of tne Capsular
synovial nerbrane or an extra-aCetabular Cavsular attachment to
indicate its cavnsular origin. The ligarent ray thus remain
perranent at different stages of its phylogenetic intra—artieu}ar
progression. Regarding the desCribed absencCe of the ligament in
eertain anirals this anpears to be due to an ontogenetic
retrogression: for in the erbryo hedgehog MCS®R noted that the
ligament was rejatively fuily developed, though later it has
altogether regressed and is completely absent in the aduit.
AcCording to WICK the same faCts are true in the orang, and

MINVART has indicated that renmants of the ligament nay be present
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in the adnit of %that speciess In the elephant, and as already
indicated in monotrenes and sioths, the iig. teres is present as
part of the perivheral Cansuie.
Be. The ontogeny of the Capsule in the huran suhjieCti-
In reference to the present descriptions of the uorphoiogy of the
=capsu1é its ontogeny mav be disCussed in two phases.
1. The verfection of the capsule as a structure
enclosing the artieujation, subsequent %o its
def inition at the appearance of the joint clieft.
2+ The perfection of the capsule as a structure with
definite meCchanical funCtion.
1. The definition of the capsuliet- With this part of the subject
we are at present not rore than generalliy concerncé. The
Capsuie of a diarthrosisﬂis defined on the appearance of the joint
cief't and represents the persistant perinheral mesenthyme of the
originally Continuous, but now separated, pre-cartilaginous
osseous yYudiments. Its attachments therefore are at the
Cormniencenent definitely extra—articﬁlar but are so irmediately
beyond the articular areas. At the 8th, weel the capsule of the
hip joint is seen to he formed after sneh a manner and to Consist
of two gifferentiated layers. (fig.5.) Ferinherally the Capsule
Proper::§ontinuous at 1ts origin with the perichondrium of the
unchondr ified cotyloid and transverse ligaments and at its
insertion with the perichondrium at the junction of the head
and shaf't of the fermr. The 1ig, teres is isolated throughout
its course frow its Continuity with the Jower part of the

reripheral Capsule and its attachment to the peric hondriur of the
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elerients of the iower part of the acetabulum to its insertion on
"the perichondrium of the head of thé fermr in a relatively large
transverse ¢cleft. T.ining the interior of the peripheral

capsule and investing the 1ig. teres and Continuous with the
superficial layer of the perdchondrium of the pre-cartilaginous
bones is that second layer of the capsule, which is ultirately
differentiated as the synoviali rnerbrane of the joint, though
retaining to a later period its Drimimive periChohdriaJ
CharacCters anc in the aduit occasimnally giving rise pathologically
to perichondrial derivativess. At the end of the 3rd. ronth

the articular capsule nay be said to be morphojogically Cormplehe
and to Consist of two parts, the synovial wembrane and the extra-
synovial fiorous Capsule. |

2. The perfection of the capsuiei- There are twe Changes of the

Capsule thus formed which occwr in its perfeCction as a structare
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with definite mechanical function, the cdeveioprent of the

capsular ligaments and the shifting of the vosition of 1its

osseous attachients: and both Changes are consequent on the
definition and elongation of the neck of the ferur. The rethod

of study was the dissection of the capsuie in foeti fror 5 months
onwards and after birth in subjects of the ages of 1, 24 %4, 6,

iC, and 14 years{l)~ Tn a foetus of 5 months the peripheral
capsule is lax enough to aliow A Conéiderab]e separation of the
joint surfaces from one another but not sufficiernt to ailow a

fu11 disloCation of the fermoral head. Tt may be demonstrated,
though more satisfactorily so in a full time foetus, that the
capsule is shorter anteriorly than posteriorly probably in
association with the flexed poOsition of the limb. The c¢apsule is
thicker anterioriy ané superiorly but there is no 'hand' forration
apar t from a few fibres which Ccan be determined to run circnlarily
distal to the greatest dién@ter of the head. TIn a subjeCct 14 years
bf’age the joint iigaments are forned relatively as in the

adul t® and between these twO specincens, the 5 ronths foetus and
that at 1% years, alllthe interrediate stages 0f their developrent
Lay he observed. The peripheral Capsular ligaments are *
ontogenetically derivatives of the prirative f'ibrous Capsule,
develOped especially anterioriy on the assumption of the erect
pOSition so that in that position the head Of the fermr may be
retained within the acetabulum: and these ligaments beCorie rore

necessary as the neck of the ferur elongates, for the joint nmay

1. A_mere statement only is necessary here:! a full description
will be published later.,
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no jonger be so0 fuily dependent on the norial rusculature in the new
direction of its axis of movément. There is no gross regression
of rmscle round the human hip joint hut a developrment of firrous
liganmnt.in the absence oi the required ligamentous action of '
muscle, The i1ige. teres remainé the mecst devel oped of the joint
ligaments till1 about 14 years of age, but is relatively larger

at birth and for the first 2 or 3% years than it is hefor€or after
that period. In regard to the shifting of the attachrent of

the capsule this occurs at both extrenities, so that its basai
connection beComes nedial to the Cotyvioid 1igament while the
fenoral insertion is separated frorn the articular nargin of the
head by the length of the neck., The latter Change is brought
about, we believe, rather by the growth at the intra-capsular
epiphysis than by a léteral displaceuient of the capsular

insertion.




Be. THE MRECHAMISM CF THE CAPSULE.

1. THRE ACTION CF TH® CAPSULE AS A EVHOLE.
A classification of the forces which Check
movements at a joint has been made: as in
1. the action of the capsular iigaments:
2, the action of the joint miscles: and
%3« the contact of extra-articular bhone.

Regarding checking of movement by the

" contact of the osseous joint elements, the usually Ccitecd exalrmies

are the 1im_itation of fiexion at the el{bow and the hip by the
coming together of the coronoid proéesé and the hunerus in the
Pormer case and in the latter the contact of the anter lor
infer ior iliac spine with the neck ¢f the femur., Huch a
limitation of woverent is sudden in Onset and absolute in
degree, for in its action further movement in the direction in

which the contact resuited wouid be attended by a separation

of the joint swfaces from one another, round the area of contact

as a fuleérum and in opposition to those forces which retain

the surfaces in Coincidence. This means of Jimitation is, however,

naturally prevented by other Jimiting reChaniswms, gradual in

onset of action and re-ative, those of the sof't parts as a

whole or in the action of the muscles or of the joint ligarents.

The sof't parts as a whole may hinder movement as when the
forearm Comes in Contact with the arm or the thigh with the .
anterior abdominal wall, but such are indefinite and very

relative limitations. The checking mechanisn of rusCles has
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already been dealt with, and the conclusion arrived at as
that it was the ?“insuffle iency of muscle length’ which determinej
a passive or ligamentous liiuitation of movement in positions
which were extreme or unusual: for example, extreme flexion at
the hip joint brought into action the hamstring muscles of the
thigh and these through their shortness brought the movement to
aclose. The movement of extension, on the other hand, ivg‘; not
influenced in its extent by muscular action nor is there an»
extra-articular osseous contact, but the assumption and the/
maintainence of the position of stability is the result of the
action of the articular capsule and its ligaments.

The simplest forrii of capsular ligament
is that which forms the lateral band of a ’hinge joint’. |If
the movement at such a joint <**ers®that the path described by a

point on the moving surface was the arc of a circle round- the

axis of the stationary element, as has been described, then the

Path of a ponut
on the surface.

Path described by a
point on the bone.

Pig. 6.
A mechanical 'hinge joint*: the paths of points on the
moving surface and on the bone are concentric circles.

lateral 1igament vjould be.(never more nor less) in actioif and ¢L
would functionate as arigid, mechanism for retaining the articular

surfaces together and in no degree infl,Luence the extent of
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moverient in any direction ro% at right angles to ifts axis.

(fig. 64) But such is no® what occurs: for the action of the
}1ganent,m§\,§ T)e deterniined to be at the mid position of the
Joint an'c{ J_n ;rhe al ternate tightenmf* of the two parts of vhich
v oA
it is usual}.y C Oriposed - so—that teac‘h{rls ’a'.‘s‘s%c iated in its actiOn
with the conuencenment of the coinc 1den-ce of aef’lned and
oppositely directed parts of the opposel articular sur'faces) and
the whole ligenent is tightened only at the ‘moment of transition
between the two articular couples. Moverient in either direction
from the position in which the Iigarient has been tightened
produces, in virtue of the shape of the articular surfaces,
a8 s}é,Ck ening of the iigament and the COming into action of
‘compleriental areas of the articuiar surfaces. The lateral
ligament of a hin.ge joint, then, is in action at the mid position
- of the articuiation andretéins ‘the coinCidence and initiates
the Congruence of the articular elements. In a 'bail and socket'
joint, on the other hand, a rodification in at least one of the
lateral ligaunents 1s necessar'y since movements of the joint
riay occur at right angjes to their axes i:i)m'ré Elrtherjsince

the articuler surfaces ray not vary imwersely to one another,

and so of +helso”ves induce a termination of the oV elen ty puf

ea.ch ms ¢ I'emalnj an accurate converse of 1t% Corp: enen tj m Wﬁd" 4
Mﬂe&m a position of stahil 1t‘,). the modification of

the 3~1E{Iaﬁi€nt‘nz\1st be suc h)that it will act as a tightening
arrengerient at the Cclipgse of the nmovement and on further

Lioverent in the same direction g2 be further tighened afd 57 c.

Fo .
‘9‘1’431 further force the articujar areas into coincidence and so
_,‘«
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act as a cheCking 1:C hanism. This chec¥ing action o.f‘ Capsular
1igarents has constantly been defined as the nain factor in

the production of stabiiity at an enarthrosis, in virtue of
their non- extensibility heyond the maximim of novement. That
is, that when the iiganents are fuliy stretthed tney of
themgejves would hojd fast the bones in position, in what rust
pbe a sudden onse® of action, and irrespeCtive ajtogether of anv
possible definite rejationship of the joint surfaces to one
another, We have, on the other hand, put forward the view that
the cheCking capsuiar Jigaments are structres accessory to the
produc tion of a' Congruity of the opposing Jjoint surfaces, and
when the movelient is terrndnated the joint cannct ©ealk its fully
established Ccongruity execept in a direction reverse to its
inception. The stability of the joint certainly devends on

the presence of the capsujiar liganents, but these are guiding
agents in the production of a gradual progressive '10@1%1‘11{;'

of the"jOint_surfaces thersejves and then being fulily stretched
and in action they act as the tightening arrangerents of the

Corbination of the articnlar surfaces.

2. THE ACTICN CP THR LTGAMAENTS OF THE HTP JOTNT,

The a+ttachments of the capsule of the
hip joint are such that a spiral twisting of its fitres takes
place in the primary moverents from the mid pOsition in either
direction, fig. 7t so that at the completion of extension the
Capsule is rejatively shortened, and so rmeh so that the head

0f the fermr is forced to its maxirmrm cxtent within the acetabnluni.
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Fig.7
Scheme of band action at the le ft hip joint - a right winding
screw, (after ALBERT).

In this position movement in this direction is terminal*and stabil;

;ity is ensured in the action of the capsular checking arrangements,?

the ilio-fem oral ligaments. In the reverse direction towards semi-

flexion the ilio-fem oral ligaments become slack,and when the thigh
< 7

has passed so far forwards and inwards, when the foot

comes in contact with the ground in walking the ligamentum teres

and the pubo-ischio-femoral ligaments become tightened. The lig .
teres is the internal lateral ligament*and the other bands of the
capsule are the modified parts of the external lateral ligament of

the reptilian hinge joint, the former having retained its incid:.
;ence of action at mid position while the latter is, in part, a
terminal checking mechanism.
Individually the ligaments functionate as follows
A. The ilio-fem oral ligamen:

the lateral part of this ligament is understood best by a refer;

;ence /
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Fig. 8.

reference to a diagram of MEYER'S. (Fig.8.)e The centre of grav:
:ity'of the whole body lies opposite the 2nd.sacral vertebra in
the vertebral canal so that the line of body gravity (A-A.),verti:
:cal through this point, falls behind the interacetabular axis
(B-A.). In the erect position there is thus a constant tendency
to retroflexion of the whole pelvis but this is prevented by the
tightening of the lateral ilio-femoral ligament (1-P.). The
action of these two forces, the weight of the body (A-A) and the
pull of the.ligament(l-F-A.) is common on the interacetabular axis
(B-A) and the result is the establishment of body equilibrium on
that axis by that forcible and positive contact between the heads
of the femora and the acetabula which is termed congruence, and
which in this instance is terminal so that no further movement in

the direction of extension of the femur is possible. The ligament

also/
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also is tightened, that is the results of its action are obser.-ed as
productive ol terminal congruence, in the other body mo.ements oi the
act of walking when the whole sup.ort is one limb: namely, the tendency
'to the inward rolling of the trunk over the suprorting femoral head,
and the rotation baokwardél;s tends to occur at the moment when the
supvorting unit is requlred most to be stable. - As apolied to the
femur, as it usually is, the ligament is brought into action at the
close of the movements of extension, of ad uction of its lower extrem.

sity, and of external rotation::amnd the result of its action of course

A o ¥
is as before, the establishment of osseous Joint congruence; not by

ay

ety .
direotﬂng o the movements of the op.ocsing surfaces on one another)

but by so forcing those surfaces 1nto" closer and closer contactJ

that they execute those mo\ements erendent Gaéy on the reciprocity
B Heils e ¢ O A
of their configuration, whlmh‘a?em&a%axmlﬂﬁﬁg%emm&n&& An--hedn ﬂlt;mate
v pr oy B o b B 1’)6’"’"21‘“;—1«
conplete oongrulty aad beyond which the llgament is inextensible.

The medlal ilio~-femoral ligament, lying as it does in
the femoral axis, is an active accessory to the former ligament in
'checking' only the retroflexion of the pelvis,- or the extension ol
the femur |

In conclusion it may be remarked that the breaking point
of these 'checking' ligaments is gréater than that of the bones to
which they are atiached, so that the stability of the joint 1s ensur:
red above the fracture of its osseous components.

| ‘B, The ligamentum teres:- The action of the 1lig.

teres has given rise to more controversy than perhaps any other

gtructure/



structure in the human body, but the foliowing are the main theories

which have been advanced.

——

1. A number of authors ascrite to it no mechanical function,
but regard 1t only as & means on which blood vessels may
be led to the head of the femur, (HENLE, SAPPEY:) some em:
:phagise the greater importance of this function in the
foetus. We consider this view later.

That the ligament secretes gynovial fluid and distributes
it over the head of the femur by its rubl.ing on the bone
during movement. It can:ot be said that the ligament does

o ﬁot seerete synovia since it is invested with synovial mem:
-brane, but it is certain that it persists neither for that
purpose nor to act as a sort of 'wiping' or 'duster' mech:
;anism.

Strong isolated bands ohly develope, and persist, undexr the

influence of pull or tension forces g0 that the ligament

. e . iy S
must be in action, that is stretched, during certaln position

of the joint. These positions have been described variously

and in vast detail, (HUMPHREYS,FICK,SAVORY,BRAUNE,STRUTHERL,
etc.) but persistently from the point of view that the liga:
:ment acts as & 'checking' mechanism,that is that in its
action certain movements are terminated. By direct obeerva.
ttion the majority of writers have described the ligament

a8 most stretched in different secondary ac ompaniments of
the position of semi-flexion; and of these secondary mo.e:

~ments/
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movements a combination ot ad notion and internal rotation

(PICK) or external rotation (STRUTHERS) w ill render the liga;

;ment most tense.

4. According to a fourth view (BARROW) the ligament is most

active in the foetus, retaining the femoral head within the

flattened acetabular socket. Against this view, however,

is the fact that in the position of the foetal limb the
ligament is not stretched, and again,as has been previously

indicated, the ligament undergoes positive development after

birth.

If the ligament is to be attributed with a ligamentous function it is
important that the exact position of its attachment on the head of the

femur should be noted. If the bone is placed in the position it

occupies in extension of the limb it w ill be noted that the line of

attachment is situated obliquely between the vertical and the horizon:

;tal, and that this line becomes purely horizontal when the limb is

flexed to rather less than 46"\ That the position of this attachment

is mot wholly postero-inferior has already been indicated by the detail:
;ed descriptions of QOODSIR, of STRUTHERS,and of MEYER. ' The exact

position of the teres attachment is shown in figure 9 the bone being

Pig. 9.

To show the attachment of the lig. teres
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the bone being in the erect position; while figure 10 demonstrates
the relative change of position ac ompanying certain movements of the

joint.

FLEXION,

ADDUCTION EXT. ROTATION)

Fig. 10.
The change of position of the teres attachment in different movements

of the joint. (after STRUTHE'RS)

The femoral attachment of the lig. teres is thus situated at a definite
position and in a definite manner; in position,

at the osculation of the two areas of which the head is resolved a
componendt? and in manner so as to allow of the fullest degree of ac:
:tivity when these two acting areas of the head of the femur are in
the minimum of congruity with the related passive areas oi the acetab.
:ulum, that is at the mid position of the limb. And this position is
that which occurs in walking at the commencement of the reception of
the body weight on the outstretched Ilimb, and is a combination oi
flexion, ad action and external rotation. The two parts oi the lig.

teres/



teres, we belleve, represent the typical formation of the lateral liga

sment of a hinge Jjoint and are related to the two acting areas ol the

head of the femur and o* the Javtabulum,‘ and {ts action ig at the mid ‘
1 ¢ e e Ohin onle @
. position of the llﬂb)xnu not in--the- n&turbwei ‘checking' movement
GT &y Orouant vt oo arsrd cofien s '

|

%egﬁﬁé—%hewre%entron~®1 contact and the-directionm-of oongruence in

either direction between the opuosing surfaces of the articulasr ele:

rments.
C. The pubo-igchio-femoral ligaments; These liga:

;ments are the pergistent parts of the typical external lateral liga:
:ment of the hinge Jjoint, and in the mid position of the limb 'check'

the seoondary movements of adﬁ%dzlon and abduction and of rotation in
e

both dlrectlons in a manner simtlar, of course, to the functionating
lig. teres. , i
[
D. The Zonular band On ac:ount of itg fusion Mith

the lonvltudlnal bandé%ﬁ&é one must follow&?ﬁa&@'ln the movements of
N 9. LXT

the i‘emur;sn-el Qoted on by them 1\n the spiral twisting of the whole
Mwﬂw

oapsulgﬁgrasps firmly the neck of the femur and fixes = in contact

with the acetabulum in the position of full extension.




PART THREE.

i

THE ACETABULUM IN RELATION TO THE HIP JOINT" .
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4. STRUCTURAL ANATOMY.

1. GENERAL «N.TOMY OF THE PROXIMAL EXTREMITY'QF THE FEMUR;

A. The Head;-The superior articular constit:
;uent of the {emur,- the caput femoris,- is a mas: of cancellous,
cartilage- covered bone, and forms the male or acti-e element oi the

hip Jjoint. It is generally described as being that part of a perg
g

AT

:fect sphere &L a radius of twenty four to twenty six m.m. which
would be subtended by an angle of about 3760. The suestion of its
exact ourvature ié consldered later. A4S regards the actual size of
the head this depends just exactly as to where the plane of the
, measurement is placed, for as 1s shown in a subsejuent gectioin the
margin ol the head is not only not regular, but is even inconstant
in its irregularity. As a general rule septions in a coronal plane

are a little less extensive in circumference than sections in an

antero-posterior plane, and on an average the radius is about <4 m.m,

in the male; but almost diagnostic of the sex of the bone is the
length of the diameter of the head. The average diameter measure:
:ments of 40 sexed bones were;

Male,....4.71 cms. ve..0.(4.5 - 5,1.cms.)
Female,..4.15 " ceeoo(3.8 - 4,3 " )

The diameter of the largest female bone is thus smaller than the

‘diameter of the smallest male bone, so that absolutely and relative:

:1y the head of the femur is smaller in the female than in the male.
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This is almost an absolute rulefA? Other details ol the head

of the femur form the subjects of subsequent paragraphs.

B. The trochanters;- The

the great and the small, - can be considered for the purposes of the
present study only as bony excresences of distinct epiphyseal origin
for the attachment of muscles, and imposed on the main mechanical
column,- the diaphysis of the femur. Thus in tracing the transmis;
;sion of weight from the head of the femur to its lower end, the
essential static structure may be represented as in fig .11. (black
outline). The further consideration of this conception is referred
to the section dealing with "the inter;
;nal structure of the femur."

It is possible however,as
is already well known, to refer to the
trochanter major those movements of the

v head of the femur undergone on flexion
and extension of the Ilimb, Por® the
highest point of the great trochanter
lies almost on the same horizontal

plane as the centre point of the head,

Pig.11 to be exact usually a few millimeters
To show the trochanters as
epiphyseal structures on higher, and this point of the trochan:
the main static column of
the femur. ;ter can be determined with a consider:

;able degree of accuracy in the living person and in the cadaver owing

its' superficial position.

I.Vide, PARSONS,Jour.Anat.Phys. Vol.48.p.255. and Vol.49.p .545.
DWIG-HT. Amer.Jour. Anat. Vol. 4,p.19.

HODGE, Assoc .Amer.Anat.Deor, 1897.

DORSEY. Dost. Med. Surg. Jour. 1897.

fe



E
!

C. The Neck:~ The neck of the jfemur is a

flattened arc ol bone connecting the head with the up.er end of the
shaft, passing inwards, upwards, and iforwards f£rom the shalt at
angles of inclination and declination of individually -arying mag:
:nitude. The f(lattening of the neck is from before backwards ana it
is narrowest at 1ts middle part,(l) exﬁénding at both extremities Tut
more S0 at 1ts outer end where it becomes continuous with the shait.
The vertical diaméter of the outer end dérives its increase partly |
from the manner in which the lower border of the neck pag es downwarus%
into the inner border of the shart, (hdams' arch), though in au itimq
the whole neck herepnderugoes an enlargement in al@ its dimensions,
The inner extremity of the neck is more circular in conformity with
its attachment to the base of the head, the demarcation being best
defined by what is hereinafter termed the "basge liﬁe of the head' ,a
limitation more exact than that advanced by HOFFA. (wide post.) The
lateral limitation of the neck and its actual length as determined by
its axis within its limits are fully considered later.

Taken ag & whole, and as seen on horizontal
section, fig. 12, the neok hag a slight curvature with the convextiy
forwards,- that is, opposite in direction to the curve which is lound
at the junction of the base of the neck with the uprer end of the
shaft.

1.An interest fact has been determined by TURNBULL(B.M.J.) Decr.l91%3.
in comparison of the variation of the thickness of the neck and of
that of the shaft. In support of the hypothesis that the range ol
deviation from the mean value will vary directly as the strain per
unit volume TURNBULL found that there is a greater deviation of the
thickness of the neck than there is of the shaft. The results are
based on the measurement of 1800 femora.
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Pig. 12.

Horizontal section of the neck and head of the femur showing convex,
ity forwards.

The anterior surface of the neck extends
from the base line anteriorly to the external lim it of the anterior
intertrochanteric roughness. Por descriptive purposes this surface
is here divided into two parts, an outer smooth area and an inner
rough area separated from one another by a hitherto undescribed
ridge .(figs,15,14.15.) This ridge is constant in position in all
adult bones though it varies within wide |lim its as regards its degree
of evidence. In direction it is transverse to the long axis of the
neck, parallel to the anterior intertrochanteric line and distant
from that line about 1.5 to 2.0 cms. It is best marked towards the
upper border of the neck, beginning as a rule abruptly just below the
superior border, pasves downwards and inwards with a concavity direct;
.ed upwards and inwards, and terminates below by gradually fading
away into the general contour of the bone about half way down the nec”
It is thus early to be insisted on that this ridge is not merely the
external |Iim it of the medial rough area, but represents the internal
boundary of and belongs to the lateral smooth area. The whole
evidence of its causation demonstrates this fact. The lateral smooth

area is almost comparable to the pulley on the les er saoro-sciatic

notch/
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»otch over which the tendon of the m. obtur.inter. plays at its exit
from the pelvis; indeed in many specimens examined in the recent ¢on:
;dition the whole Tormation of the superficial structure presents an 3
almost identioalvapuearance. A cartilage covering wés never noticed
in this pogition. On this smooth area there plays the supero-later:
ﬁal part ol the anterior capsule especially thickened in precisely

this position as the most mas.:ive portion of the zonular band. In

full extension of the limb - the position of greatest tension of its f’

fibres - this part of the capsule acts in such a spiral manner as to

produce this ‘capsular groove” and its medial boundaxry the "capsular .
ridge’. An exanmination of.a series of fresh specimens shows how
cloge is the relation between the capsular development and the degree
of evidence of the capsular ridge and the marking off of the capsular
groove, In young bones no such ridge is to be found nor for that
matter is there any indication of an anterior intertrochanteric line,

It is about the age of 18 years that the roughness at the anterior

capsular attachment begins to aprear: it is progres:ive in develop:
:ment yet varies with the amount and strength of the capsular fibres.
Only subseasuent to that period can evidence of the capsular ridge be
found, and it is always best marked when the capsule and its atLaoh:!
:ment are well developed. BERTAUX held that the roughness on the

anterior face of the femoral neck was due to the partial attachment }
of the fibrous capsule, a view somewhat similar to that more recent:|
:1y advanced by FRASER, who holds that the roughness is due to re:
‘current fibres from the anterior circular set of capsulaxr fibres,

Now, s



Now, it was dogmatical'y insisted on that in the region of this groo e
there 1s no recurrence ol capsular Iibres back on the neck, neither in
the foetus nor at any subsesuent period: no matter into how many layers
the capsule be split each layer which has a femoral attachment at all
is fixea in the region ol the anterior intertrochanteric line, the

retinacula being placed in their entirety either proximally or uistal:
:1ly to this area. This lateral area, then, devoia of vascular roram.
:ina 1s a puliey on which there plays the upver and outer part oi the

anterior capsule, and contact is closest when the limb is in full ex:

:tension. These facts are made clearly evident 1f the finger e plac:
.ed on the grouve through a slit in the complete capsule and the limb
glowly extended from the position of flexion.

; . For the ful. apovreciation of the medial rough
area of the anterior surface of the femoral neck reference must be
defer:ed till the consideration of = the cartilaginous margin oi the
head of the femur .

The whole anterior surface of the neck is per:
;forated by numerous -ascular openings situated for most part near to
the base of the head in a superior and inferior group, fewer in num:
:ber towards the anterior intertrochanteric line but completely ab:

:gent in the capsular groove.

TR EAR ey

The posterior surface of the neck is over all

B

as smooth as the lateral part of the anterior surface and is broader
and more concave. As measured from the base line of the head to the
posterior intertrochanteric ridge it is longer, on an average about

1.2 cms. than the anterior surface. Passing almost transversely

across/
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across 1t there can be digtinguished a broad gro~-e which lodges the
tendon ot the m.olbtur.exter. The capsular attachments ha e becn con:
rgiderea ana srom that study there is nothing to be deduced Ifrom the
manner oi the ar angement oi the capsule fibres to account for the
absence oi a riuge at the posterior capsule insertion. The only
differences»betwean the anterior and the posterior se%s ol fibres are
in the greater strength and the greater amount of pull exercised by
the anterior set. In sup:.ort ol thisvguantitati'e as opposed to any
jualitative causati e factor, such as has been advanced, there may be
cited the lacts already given as to the ontogeny of the anterior
roughness and in ad ition its absence in those mammalia in which there
i8 an absence of the anterior ligaments and the presence 0f a roughness
* postero—superiorly at the insertion of the active capsular ligaments

when these are on the dorsal aspect of the capsule.

The posterior surface is also periorated by numerous
i vascular foramina, and again these are most numerous towards the margin

of the head at its upver and lower parts.

¢ 2.THE CARTILAGINOUS MARGIN OF THE HEAD OF THE FEMUR.

1, The articular margin of the head of the femur is un:

tdulating; in a regular and constant manner as regards the incildence

of the causes of the unevenness though in degree ariation does occur
" to a congiderable extent. The undulations are excursions outwards ol

the articular cartilage and between these recessions inwards,or more

. correctly, recessions where the extension of the cartilage towards and

AJOVer the neck is more limited in extent. The most marked inward con:

“cavity,




CrerTemes

6h.

conca ity ol the articular margln is placed opposite the great trochan
;ter towards 1ts posterior part, and bounding this counca ity are two
outwara eminences one towards the back and one towarus the rront o.

the necr o7 the ‘emur. Of these the posterior is more localissd ana
angular than the anterior a d in size is much the more constant: ror
a series ol ilemora may be I'ound, e.en among European races, in which
the anterior ol these excursions is continued for some considerable
distance over the neck ol the femur. This variation was described ty
HENKE btut no special significance was attached to it. FICK descri
it as 'the emmenentia articularis colli femoris': CHARLER writingz on
this same structure from a study oi Hindu bones attributes the condi:
:tion to an adaptive rariation dependent on continuous overilexio.. o:z
the joint such as occurs in the 'sguatting' position. He claimec The
condition as essentialiy Asiatic, and described the Luropean Iesmur as
having an even articular margin when looked at from abo e. Nelther
of these conclusions can be held as correct: Indeed,PARSCONE hasg been
able to find evidences of marked uneverness in over 60% of Fnglish
Temora . POIRIER and (CHARRY in discussing this structure point out
that the head is continued down on to the neck anteriorly and poster;
:iorly, while on the anterior face of the neck there i1s a rough im:
:pression, 'd'empreinte iliasue', which 1s occagslonly present as a
continuation of the articular cartilage of the head. These authors
explain the condition (the roughened suriace) as being due to the coun.
:tact of the neck of the femur with the superior part ol the acetab:
:ular margin in the posgition of extreme flexion: but, as FICK has
pointed out,.oonsiderable albduction combined with internal rotation

N A I Tt
Would be necessary before this contact could take place,and FAR-ON:

figures/
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figures emphasise the incongruity of the correlation when heed is taken
of the unnaturalness o the re-uired position.

The medial area of the femoral neck may be found to
exist in three difierent structural conditions, roﬁgh in about 70%,
almost smonth in. about 0%, and in the remaining 10% more or less cay.
:tilage covered. While the anterior cartilage excursion thus wvaries
to a considerable degree yet its lateral margin will never be found be:
;yond that definitel marked ridge on the neck of the femur,previously
termed the capsular ridge. Even in advanced cases of rheumatoid
arthritis though the marginal bony outgrowths may bridge over the cap:
;sular groove S0 a8 almost to convert that groove into a canal yet the
attached basé of the osteophyte does not extend on the neck lateral to
the capsular ridge. Now, on closer examination of this excursion in
its'extreme degree it is clear that the cartilage is not in physiolog:
;ical continuity with the articular surface from which it springs,being

curved in one direction only, antero-posteriorly, but perfectly Ilat in

~the latero-medial plane. I ad .ition to this fact,we have never

been able to find an absolutely smonth surface on one of these extreme
excursions. They have never presented themselves in the'young subject.
and'always, in this series, they ha.e been associated with strong bony
ligamentous markings and with powerful capsular bands. Further i:r no
possible natural position in any of the joints could this excursion,in
any of the specimens in Whioh it was present, be made to enter the ac:
ietabular cavity: in other words, when the anteriof excursion ol the
cartilage from the head over the neck is present to an extreme degree

the lateral part of that excursion is never intre-articular in the

Sense/
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sense of lying within the aoetabnlum. It must therefore be concluded-
that this condition is simply a ariation of the more commonly found
roughness, which, as already indicated, is placed medial to the capsular
ridge.

In considering what the cause of this roughness may be,
it is necessary first to define the usual relationship of the tendon of
the m. ilio-psoas to the proximal extremity of the femur, and especially
in the position of full expension, (fig.16.) The tendon of the m.

psoas is medial to the verti;
;cal limb of the ilio-femor;
/ ;al band abo-e.so that when
the bursa under that tendon
communicates with the cavity
of the hip joint it does so
medial to that ligament and
exposes the lateral part of
the anterior cartilage of
the head of the femur. The
iliacus muscle,laterally
placed,lies much more on

the femoral neck over the

Fig.16. . . -
To show the usual relationship of the vertical limb of the ilio -
ilio-psoas mass to the proximal extrem: . )
,|ty of the femur. femoral ||gament, but it
w ill be- noted that the direction of the concavity of the combined mass
is upwards and outwards. Thus any action which the ilio-psoas may

have on the production of markings on the neck of the femur would not

only/
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only be coniinea to the lower part oi the femoral neck, but there only
after acting through a structure more poweriul ana oi greater sxtent
than 1tsell, the meaial part of" the ilio-femoral ligament. The ilio-
psoas, therefore, can ot be held responsible for the marking in .ues:
-tion. It is algo clear from its extent that this medial rough arsa,
ot its variations, does not result from bony contact with the margin
of the éoetabulum; and the conclusion seems Justifiable that the struct
;ural condition of the whole area represents the amount ol contact ol
this portion oi the neck of the femur with the vertical limb of the
ilio-femoral ligament in the posgsition of complete extension.

In ad.ition to the two outward eminences of the arti:
:cular cartilage already indicated there was described by GOODSIR a
third, gituated in the inferior shallower concavity at the intersection
of the ridge prolonged from the lesser trochanter with the articular
margin of the head. In this series a little anterior to the abo e ue:
:{ined positior. a very slight outward projection was found in less
than 10% of 200 bones examined on this particular point,-a freiuency
not gfeater than that of a small outward eminence in the middle ofl the
superior concavity.

WAGSTAFF was the first,we believe,to describe the
outline of the head as being sinuous or in curves and to coincide
these excursions of the cartilage to the limits of the acetabular mar:
1gin in differing positions of the femur. He detailed three such
curves (fig. 17.) and related them to the limits of movement as fol-
tlows: - . |

‘1. Inferiorly, - limit of adduction.

I'>)

2. Postefiorly/
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Posteriorly - lim it of ext. rotation.

Anteriorly, - " " int. rotation.

Fig.17. (after

We would rather say, however, that from its articular margin the head
of the femur may be a i-idea into two areas, anterior and posterior
when the bone is held erect, and that each possesses a prolongation of
the articular cartilage downwards over the neck.

In tracing the ontogenetic changes which occur in
the outline of the articular margin it is to be noted that even in a
foetus of 5 months it is possible to determine anterior and posterior
cartilage excursions, though”developed nofhi&ig like the same extent
as in the adult. The margin is thus much more even and circular than
at later periods. From the beginning the cartilage must be held to
grow, not only in the relative sense but also absolutely down o.er
the neck of the femur, producing the irregularities of outline and
as is indicated later, bringing the diaphyseal neck into the formation
of the central core of the articular head. In this connection it may
be emphasised that an uneven articular margin should be taken as essen

ctia lly /
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essentially & human characteristic contrasting strongly with the
even articular margin of the a:thropoiu apes.

Two other markings at the margin of the heaa o: the
bone are constant in the series of [emora we have examined. First,
on the inferior wall of the anterior cartilagirous excursion there
is an oval area of fairly smooth roughly polished bone, abutting
against the margin of the head but belonging to the neck, ne er carti:
:lage covered yet sharply demarcated from the surrounding bone and
differentiated by the absence of vagcular {oramina. This marking is
produced by bony contact with the margin of the acetabulum. It is
intra-synovial in position, - that is, the synovial membrane ceases
at its lateral border. Contact takes place between this portion of
*the neck and the articular margin at the anterior part of 'the pubic
protuberance of the acetabular rim' in the position of complete exten:
:8ion. In this position extension is combined with a certain cegree
of external rotatior which takes place primarily to allow the most
¢complete reception of the head of the femur within the acetabulunm,
and to produce secondarily the locking of the knee Joint. “*hen the
femur is thus extended and rotated the anterior excursion of the ar:
;ticular cartilage of the head is in firm contact with the lower part
of the iliac area and with the pubic area of the acetabulum,while the
imprint described is forced to rest on the latter area at its margin:
:al part. It is therefore proposed that this 'facet of rest,’ or,
'pPressure facet', should be termed the "pubic imprint”. In extent
the pubic imprint varies a good deal, but a well marked bone woulu
show it as about 1.5 cms. long; about .8 cms. at its broadest part,
of oval form but tapering away inferiorly, an inclaence in coniormity
with its incicence of action., At twelve years this marking ls per.

:fectly/




perfectly distinct, though 1t is relatively smaller than in the acult.
but pre-riously to this period it can.ot be determinea with any uaegree
of ac uracy, and 1s certainly absent up till the sixth year. Secona,
the excursion o-er the posterior part ol the neck is, as pre-iously
statea, more constant in size than the anterior excursion. It is wholly
acetabular in position when the limb is completely'extende&,occupyihg
in that position the 'lschial projection' of the acetabulum. By its
uprer border it bounds the superior concavity posteriorly, ana the

bone lying lateral to this boundary cor:esponds in gtructure to the
pubic imprint. Thus 1t is‘proposed to describe another 'pressure
facet' on the femoral neck, constant in poéition and, though rarying

a litile in size, of aimensions on the sverage very comparable to those
of the pubtic imprint. This Tfacet. differentiated by similar structur:
;al characteristics, is produced in like manner to the pubic imprint-
that is, by contact with the acetabular margin. It is probably differ:
rentiated at a later period of life. In respect that contact takes
place with the ischial part of the acetabular rim the facet may be
termed the 'ischial imprint', These two facets,pubic anda ischial,re:

:presented in figs.18 and 19,are most evident in the recent specimen;

Fig. 18.

Proximal ena of femur
viewed from the antero-
lateral aspect, showing
inferior to the anterior
cartilage excursion the
'pubic imprint'.Founuea
on an exanination oi o e&r
300 bones, The anterioxr
cartilage excursion is
represented in its normal
amount.




and 1t is important to note that in sitvation they are not on the
epiphysis ot the heada but on the diaphysis of the shaft, so that con:
;tact at these points will not in any way bring abnormal strain to

E bear on the epiphyseal plate while that is still cartilaginous.

H

Fig.19. ’
] ?yoxim&l enda of femur from posterior aspect showing the
: blschlal imprint'. Founded on an examination of over 300
ones. :

3. THE EPIPHYSIS OF THE HEAD.OF THE FEMUR.

So far as the writer is aware there is on
record no detailed description of the epiphysis of the head of the
femur,- that separate centre of ossification in the continuity of the
cartilaginous 'Anlage',- apart from the usual statement that the mar:
:8in of the articular oartiiage of the head represents the position of

the epiphyseal cartilage.

At birth, as is well known, the femur is os:

:81fying in its diaphyseal portion,;the'lower epiphyseal centre is

1 usually/
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usually present, but the whole of the upper extremity ol the femur is
as yet one unui .- iaed mass of cartilage, - the tri-epiphyseal carti-
;age. ((ig.20). In this upper cartilage appear ossilic¢ centres,ior
the heaa towards the end of the
first year, and subsejuently lor
the trochanters. In the consiuer:
:ation of that centre which os:

:g8ifies as the articulax portion

of the head of the femur, there
will fall for study the shape

and change of shape of the

Fig.20.
The proximal gxtremity of the epiphysis, the position and the
fenur, at birth.

change of position of the epiphy:

:8eal cartilage, the effects of these changes in ad.ition to their
causation, and subseguently of this especial epiphysis the blooa
supply will be detailed.

The ossific centre for the head, often sur-
:rounded by & number of small osseous granules, appears then a,littlé
earlier or a little later towards the end of the first yea&lana the
bosition of its earliést occurrence ig above and medial to the centre
point of the whole head.(Pig.21.) After the appearance of this os:
-sific centre ,the headﬁ gggrmainly cartilaginous, is sl connected
with the great trochanter by a thick mass of epiphyseal cartilage:
but after differentiation of the trochanter as a separate ossifica:

stion/

1.This centre may appear at the l0th.month or may be absent at the
13th. month. '
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ogsification these two epiphyses are gradually separateda irom one

Fig.21.
The osgific centre for the
epiphyses of the head, at
11 months.

anocther by the growing alaphysesal

neck, and subseguently increase in sizc
guite Independently oi one another. By
the end of the fourth year nearly the
whole of the epiphysis of the heaa is
osgeous, the cartilage now consisting
only of the thin dentate epipliyseal car:
;tilage separating the heada from the
neck. At seventeen years the epiphy.
:8is is fully ossified, and finally
joins the diaphysis about nineteen to

twenty years, though a line of separa.

tion often exists at the circumference, especially at the lower part,

even with firm osseous union at the centre. On section a line oi dense

bone persists fqr some years, indicating the‘line of cartilaginous

union. Taking, however, a section through the head parallel to the

articular margin but medially distant about one centimetre, such as is

represented in rig.22., at about twelve years of age, there is clearly

showx the large part taken.by the diaphyseal neck in the formation ol

the/

Pig.272. Fig.??. '
Section through the head of femur, Vertical section oi iemur
meaial and parallel to the articular at 12 yeaxrs.

margin at 12 years.
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the centre core of the head, and the peculiarity of the manner in

which it does so. This peculiarity consists of the greater proportion:
:al representation of the diavhysis at the under part ol the head as
compared with the upper. An examination of the upper surface of the
diaphysis is explanatory oi this peculiarity, for on reference to fig.

28 it i1s shown that the inner end of the neck projects above the general

plane of the rest of this diaphyseal surface. At this age (twel e i

years,) the diaphysis of the neck forms & central core dewm over which

the articular surface of the épiphyseal head extends: not in a regular

fashion, however, but yet so as to embrace the upper end of the neck in

& circularly complete manner. It will also be noted,and more especially

at the perioca immediately previous to the bony union of the epiphysis
with the diaphysis, that both ossifying surfaces are irregular: and

the irregularities are so arranged and of such & shape, that small

hemispherical nodosities of the upper surface of the neck are occupying

small concavities of the under surface of the head. While the under

sufface of the epiphysis of the head is thus concave in all directions,
it i3 most de-ply excavated at its apilication to the medial process
of the neck, and the extension of the epiphysis over the dlaphysis ig
in this situation the most limited. (MACALISTER has already poimted
out how the thin irregular rim from the head extends outwards o-er the
upper part of the meck, and assists in the transmission of weight irom
the head above‘to the calcar Temorale below.). From a morpholocical
point of wview, however, it is more important to recognise that the
lower aspeCu of the epiphyseal rim extends to the least extent o.er
the diaphyseal neck,that it is the thinnest part of the whole epiphy:
'sis, and that it is the last portion to become osSseous.

on/
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On tracing the ontogeny of this epiphysis,the diaphy:

:seal spur at the medial extremity of the neck will be found to be rest
developea towards the age of puberty: and though in the process ol ior:
> B -

. . . o s ds .‘
:mation it may be recognisea at an earlier period of life, ®ill the age

of four years 1t is certainly non-existent. The advantage gainea by

by

P
by

such a process is Eﬁ preventi&ghany undue tendency to luxation or the
Elepiphysis, a tendency, as Will'be shown, at its greatest degree oi

! mechanical possibility when this natural means of prevention arries at
its maximum of aevelopment. A comparison with the femur of the seal

is instructive not only as regards the phylogony of the medial process
b n
I of the neck, but also in assisting to a decision of the morphology oi
the ligamentum teres of the hip Jjoint. In the Ross seal the arcticular

head of the femur i1s incomplete, so that the medial process of the necx |

is entirely a superficial structure.(fig.24.) That the ligamentum

teres is isolated by the development of the head of the femur as a i

wing expansion on each side of the ligament, with gsubseguent fusion }

of the wings under the ligament at the lower part of ithe head,as statea

by KEITH, seems strongly substantiated by the mode of development of

the epiphysis of the heaad.

: Fig.24 = ,
Head of femur or seal, (after THOMPSON) .

N.B. The position of the epiphyseal cartilage and its change in
position are discussed in the section on 'the axis ol the
head'.
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4. THE BLOQT RUPFLY QF THE HBAD.

The blood vessels which enter the hip joint by passing
under the transerse ligament ol the acetabulum hae been deiines by
all obser ers as arising from the external branch of the a.obturator
and from the medial circumflex tran.h of the a.femoris. The work of
8SAWWIN is the most detailed. He demonstrated by means of very iluid
injections that the obturator branch anastomoses with that of the med:
;ial circumflex to form two main vessels, one, the a.acetabuli,which
formed a rich rascular network in the Haversian fat, the other not at
all constant, the a.ligamenti teretis, which ran through the ligamen:
:tum teres to the head of the femur. In some cases he found no —essel
in the round ligament at all, in most a fairly well marked channel,
and in a few specimens a double artery. The method adopted by the
writer was one of differential injection with very fluid media, the
anterior division of the internal iliac artery being injected with one
colouring matter, and the rest of the body with a diiferently coloured
preparation. By this means 1t was determined that run-.ing underneath
the transverse ligament there is a large branch from the external
division of the a.obturator, and a smaller branch from the internal
circumflex artery. These two ves-els united in the floor of the
acetabulum and formed a network exactly as described by SRBAWNIN, and
from this network a small branch proceeded to the ligamentum teres.

Many authors hold, of course, that this is the sole
function of the round ligament, to lead vessels to the head of the
femur: (HENLE and SAPPEY both held this view.) After a most careiul
inquiry WELCHER came to opposite conclusions. On an analysis ol
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B R P

8.
thirty cases he f'ound that in 9 there were no rascular nmarkings on
the (loor oi the teres fossa: in 11 only one or two small pits: in
8 there were 3 to € foramina: in 1 ten, and in one twenty five small
openings. HYRTL also upholds the -iew that the ligament does not
convey blood -essels to the head of the femur, and claims to ha e
proved that at the femoral extremity of the ligament the arterial es:
:8¢l forms a capillary loop and runs back as the vein. For the‘present
work about 100 round ligaments were examined for the contained —essel
by meaﬁs of a hand lens, yetﬁg vessel of any size was mad found:there:
:fore it was concluded that not only is this vessel not the sole sup-
:ply, but that it only can convey a very trifling amount of blood to
the head of the bone. On examination of the 'differentiated'specimers,
numerous vessgels were found ascending into the head from the articular
margin, but not the slightest evidence of any wvascular channel {rom
the ligamentum teres into the neighbouring bone could be determineu:
that is, in the adult at least, the blood ves.els of the ligament are
not destined for the suprly of the head of the femur. In supsort ol
this anatomical fact there is the finding of pathology, first in re-
igard to dislocation of the hip and second in fracture of the neck ol
the femur. TFor the full development of the former condition there
must be of necessity a complete rupture of the rouna ligament, yet
after reduction of the diglocation it is never held that the head of
the femur is defective in nutrition. A considerable amount of work
is available in regard to fracture of the neck of the femur, and here
the consensus of reliable opinion is that the condition of the liga:
:ment is absolutely immaterial, the rupture or non-rupture of the
synovial and fibrous connections between the neck and head with the

contained:
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contained vegsels determining the future state of the head.
sSome writers hola, howe. er, that it is in the chila
that the ligamentum teres as a means of leading Jessels to the - emor:
:al head 1s in the fullest degree acti e, ana after that perioua the
blooa supuly is uerived from the blood vessels of the diaphysis at
? the articular margin. (LANGE.). Against this -siew there are the ‘ery

dogmatic statements of FICK and WELCHER. The lormer definitely states:

e

“Ir. the young subject the blood supply is not through the rouna liga.
:ment but through the vessels which enter the large foramina at the
articular margin of the head". While the latter is eaqually certain
of this view in the determined absence of wvascular foramina in the

teres fossa of the embryo and of young children.

For the present work two male children, aged two

years and six years respectively, were prepared by the aifierential

injection method already described. In the child of two years, -

vthat is at a period when the ossification of the head is not to any
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extent advanced, -~ the blood vessels which passed to the ocsseous

nucleus were derived in no part from those oi the ligamentum teres.

but entirely from vessels entering the neck of the femur at the ar:
;ticular margin of the head. These ves-els are distinctly seen in
their course to the centre of ossification lying in the lower part
of the cartilage of the head, but a small area of the superficial
cartilage above this centre and in immediate proximity of the attach:
:ment of the ligamentum teres did seem to be vascularised from the
a.licamenti teretis. (fig.£56.). The specimen obtained from the
child of six years (rig.26) also gave emphatic ewidence that lor
Pﬁrposes of ossifiqatioh the blood supply is obtained, not from the

vessels/
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essels of the ligamentum teres, but from those which enter at the

Fig.25. Fig.26.
Blood supply of the centre Blood vessels of the head
of ossification at two years at six years of age.

of age.

articular margin of the head and pass thence proximally through the
epiphyseal plate to ramify in the osseous substance of the head. And
when in ad ,ition it is determined that in cases of congenital clLis-
;location of the hip the head of the femur undergoes no especial
atrophy in the absence of the ligamentum teres, it may no longer be
held that "the round ligament conveys a blood supply to the head of
the femur".

As regards the foramina in the floor of the teres
fossa the following alternative view as to their causation is advane:
ed. From the detailed examination of these foramina there s
evident not only the inconstancy in number as described by WELCHER,
but that the sectional area of the average number is out of all pro;
:portion to that which could possibly result from a subdivision of
the a, ligamenti teretis: that is, that all of these openings cannot
possibly be vascular channels. Now from a study of the method of
attachment of the ligamentum teres to the head oi the femur in the
foetus and in the adult, it may be shown that, while the marginal

parts/
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parts of this ligament may tecome continuous with the superficial
layers of the articular cartilage, the central parts are in direct
continuity first with the cartilaginous and subsequently with the
osseous tissue of the head. And the foramina, found only in the

adult, represent such channels of communication.

The vascular supply of the epiphysis of the femoral
head is then, in comilon with other epiphyses, derived from a special
set of epiphyseal vessels entering the bone distal to the epiphyseal
margin. At early periods of ossification these vessels form an entire
and distinct circulation, and only subsequent to the osseus union of
epiphysis and diaphysis do they anastomose with the intraosseal ves-
:sels of the shaft. Derived mainly from the circumflex arteries
these branches perforate the capsular attachment, proceed medially
superficially on the neck in two main groups and in relation to the
synovial retinacula, and become intraosseal towards the articular
margin of the head. The details of the intraosseous vessels are de;
;termined best by X-ray photographs of mercury injected specimens and

by this means we have been able to confirm the work of LEXER, (fig .A7).

X-Ray photographs of mercurial injected femora of a cat, showing
course of intraosseal vessels to epiphysis of head.



5. THE FOsts FOR THFE LIG.MENTUM TERE: .

The lLossa at the .emoral insertion of the ligamen:
stum teres has in arious places recei ea -arious aescriptions, such as
round, o-al, triroliate, etc: e en a percentage ol the wii. erent forms
has been detailed by BROCKWAY.

an e¥amination of a large number of bones was
made in order to demonstrate the relation of the attachment of the lig.
teres To possible function, and the following conclusions were arrivea
at regarding the shape oi the fossa.

If* the {emur be held so that the ridge joining
the lesser trochanter and the articular margin of the head is vertical,
then in e-ery instance, arnd more especially in the recent condition,
the {ossa would éilow of a reduction to the triangular form, ana in
this position of the bone the base ol the triangle is horizontal ana
the apex points almost directly downwards(l) The attachment ol the
ligament in this fossa is mono-linear, that is to the base alone, so
that the lower apical part of the triangle is simply a depression o:
the articular cartilage which lodges the ligament when it is in &
state of tension. I. the bone be placed in the position it ocovuples
in the erect posture it will be obvious that the ligament coula not
then lie in the iossa: for it is only when it is forcibly stretchea
that the ligament will be pressed against the head oi the bone,ana the
position of the limb when the ligament is stretched is one ol seml-
flexion. 1In the foetus and in the young subject the linear at.ach:
sment is very definite. In & 3 om. embryo there is & relati ely
large flattened area on the head of the femur in the morpholosical
position of the impression for the lig. teres of the adulﬁ, ana at

the/

(1) This covrresponds to the l'orm of the fossa which FITH
‘describes as the normal.
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the upper part ol this the tissue ol the ligament becomes contintous
with the tissue 0. the head through a slit-like cleft (fig.§£f¢> In a
foetus oi 1 e months below and behind the linear attachment there is a
relatively shallow depression in the head of the bone to which the liea:
:ment has absolutely no organic connection. ATl three years ol age the
depression is definiteiy triangular, gradualily becoming shallower in
the downward direction till it ceases altogether at the point where a
vertical tangent from ﬁhe acetabular attaohmentvwould touch the heaa.
The attachment remainsg mono-
linear to the base oi the
depression and within its

limiﬁs, though occasionally

the cleft may be found pass.

:ing completely round the

head as a groove and separ:

Fig. £8.
Head of femur viewed from spherical pole, :ating the functional anter:
to show the atiachment of the ligament
and the teres fossa at three years of age. :ior and posterior articular
In this specimen the at achment groove '
was continued round the head,a condition areas. (fig. 28.).
we have also obserred at 12 years.

§. THE ARTICULAR CARTILAGE OF THE HEAD.

The articular cartilage covering the head oi the
femur, and as already indicated enclosing a considerable portion of
the diaphyseal neck, is in common with other convex articular caxrti:
:lages thicker at its centre than towards its margin. A more minute
examination demonstrates certair important mechanical points. Relereice
is made to fig. 29. Here it is shown that the greatest thickness l1s

not/
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1ot exactly &t the centrye 0. the head but below and anterior to that

Fig, £9.
The articular cartilage oi the head in section.

point, in the region of the teres fossa: and from there the cartilage

decreases in thickness less juickly below and in front than atore and
behind. At its thickest part the cartilage is on an a erage 3 mms. on
section, decreasing to aporovimately 1 mm. at the supero-posterior
border, tut it measures almost © mms. at the antero-inferior margin.
Thus there is every indication that EERNER'S description is correct,

“thet during life the antero-inferior part of the mergin is subject to

greater pres.ure than the supero-posterior part of the margin”.

7. THE INTERNAL STRUCTURE OF THE FEMUR.

The proximal extremity ol the f'emur consists o:
cancellous tissue, surroundeda by a layer ol dense bone. It is proposed
only to define the view that has been adopted here regarding the rela:
rtionship of compact and cancellous bone, and this view being mainly
mechanical no guestion of morphological comparison arises. ~The

Spongiosa shows a well designed architecture which bears the closest

relationship/
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relationship to the statics o the bone: but so also coes the compaatsa
show the same wel! de.ined mechanical ar angement, - a Zact,we belis e, !
which has not yet been expres ed with suf icient emphasis. The morpho,j
:logical diil erences we hold to be the expression 0i the diilerences

in the degre - s ol concentration and uniformity of direction o:i the

main stresses through which the bone acts. In the compacta the con:

;centration is at the maximum and the uniformity of direction approach
:es totality: but replacement by spongiosa takes place where rer thexrs
is a spreading out ol the force for transmission to another element,
or where the direction of the conducted force rejuires alteration to
a newiplane of transmission. From this purely mechanical point of
vieﬁ#the compacta may be considefed as compressed spongiosa and the
spongiosa a8 delaminated compacta. o
A. The compao&taﬁ Over the majof part of the extrem:

:ity the compact layer is only a thin surface lamella continued dis:
:tally into the supexriicial strata of the compact boundary of the
shaft, The distribution of the compacat is most easily understood
and its arfangemenﬁ for mechanioal purposes most easily followea, it

an.examination is made of a series of transverse sections of the bone
-2from,below upwards and a glass plate_ieoonstruotion oi these sections
is fhén*examined. Such a series,obtained from an adult male bone,is
shown in.fig. %0. The section through the shaff (A) shows the com:
gDaot bane ag a circumferentially complete layer ol & definite mech:
sanical straln bearing thlokness ~ The greatest thickness is at the
Junction of the anterior and medlal ‘gurfaces,where,in the complete
bone, a very definite ridge mass passes down the shait from the under

side/
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side of the neck. The lateral circumierence takes a conéiderable part
in the weight transmissgion but the posterior part only to a ‘ery
glight extent and least of all. In the section through the small
trochanter (B) it is very clear that this epiphysis takes no paxrt in
the formation oi the mechanical axis of the shaft. The suriace com:
:pact layer is a mere skin covering, and the thick compact layer of
the medial surlace turns lateralwards into the substance of the bone
as & projecting ledge. The completion of the mechanical axis would te
by the dotted line, beyond which the compact layer shelres very .uick:
:1ly away into the surfaoe of the small trochanter. The projecting
ledge of bone is the lower part of the 'calcar femorale', (C-F)
(Schenkelspdrn, MERKEL.) The succeeding sections (C-F) are through
the shait ascending from the base of the great trochanter, and the
principles of gtructure as found at the lower epiphysis are adhered
to.. There is on the anterior and the medial surfaces of the bone a
definite compact layer, imposed on which postero-laterally is the
non-nmechanical apophysis, the great trochanter. The oompact static
column behaves in an exactly similar manner at both of its evtremit:
:ies - it is folded into the cancellous tissue of the muscular apoph:
:ysis in major part, and distal to this tapers away 7ery Julckly.

The posterior of these infoldings is shown in its fullest formation
in fig.F;,it is larger and of greater extent then the anterior rola:
:ing, and hence we find that the distal tapering off is more abrupt

/occurring ) X N
than that/distal to the anterior fold. This posterior fold, as

already indicated, is the 'calcar remorale' described by MERKEL,and
Wwe propose to name the other fold 'the calcar femorale anterior'.

The /
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The succeeding sections G-H invol/e the head and demonstrate the an.
;terior and posterior retentions of compact bone on the neck, its
absence Trom the great trochanter and the head, while the calcar Lem:
:orale anterior is seen to be developed at a higher le el than the
posteriorrone. The absence of medial infoldings of the compact wall
in these sections 18 of coursge dependent on the fact that there is
at these positions no main static column, but a total replacement oi
the compacta by cancellous bony supports.

: A longitudihal coronal section oif the extremity,in the
absence of a glass plate reconstruction, brings out the extent ana
relationship oi the varying compacta,(fig.31). The lateral compact
layer ceases near the base ol the great trochanter, being totally re;
:placed by a cancellious system: the upper surface of the neck pfes:
;ents a small area of compacta for the attachment of the cancellous
tissue of the neck: and the medial compacta extends along the under
_surface of the neck to the margin of the head before its replacement
occurs. It is possible then from the distribution ol the compacta to
determine that on the under side of the neck and medial surface there
is the éarliest concentration and speediest uniformity of direction
of the forces acting aldng the femur: and that the trochanters take
no part in the formation of the weight transmission column.

B; The spongiosa:- The elements of the spongiosa, ar~
:ranged on detinite mechanical principles, are placed so that they
lie in the lines df strongest 'pressure and of strongest tension'.
Their resolution into 'mechanical systems of lamellae' is thus
generally agreed on, and the description of the arrangement given

below/
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below differs only in the interpretation of the exact orientation of

the various lamellae systems, but even
as such requires a preliminary statement
as to the mechanical requirements which
have been ac epted (fig .32.) The
essential static problem is the confer;
:sion of a force acting downwards at
A-B into a force acting along E-P; that
is the conversion of a shearing force
at the head of the femur into the direct
Pig. 31. force of the femoral shaft. Mechanical;
The compacta in longitud; :ly such a conversion is resolved by a
;inal coronal section.
duplicate series of curves,respectively
concave and convex upwards and intersecting at the axis M-IF. The
curves which are concave upwards are ’'pressure’ curves, those convex
upwards are ’'tension' curves, and in both series the steep end of each
curve corresponds to the minimal amount of strain, and the flat end
to the maximum. At A-B therefore
the strain is zero, at C-D at its
maximum.

As seen on longitudinal
section (fig .33) the proximal end
of the femur corresponds very
closely with the mechanical condi;

To explain the static condition ;tion figured. The cancellous

at the proximal end of the femur. . , , ,
tisoue is arranged in series of

duplicate intersecting arches, each series in relation to the axis oi

its /
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its particular section of the bone.

Thus we propose to describe a lam:

cellae system of the shaft, a system

of the neck, and a system of the

head, since the axes of these di-/i;

:sions are in different planes. The

main mechanical column of the shaft

consists of the intersecting arch:

:work A-A. This archwork rests bn

the compact bone of the shaft circum

jference, and extends downwards to
below the lesser trochanter. Central

:ly the fibres intersect in the axis

Fig.38.
The mechanical desposition of of the shaft, but are continued on:
the spongiosa of the femur.

:wards through the thickness of the
column,the apéx of which is in the region of the trochanteric fossa.
The medially placed fibres belong to a pressure system,and the lateral
group to a tension system, tending respectively to be 'flattened’and
'bent' in bearing the body weight: and it w ill be noted that the lat:
:ter group entirely replaces the compacta of the shaft which ceases
at the upper lim it of the origin of the system. The lamellae system
of the neck is disposed in a similar manner, an archwork B-B,consist:
:ing of two intersecting systems. On the compact bony wall of the
medial side of the shaft and under side of the neck there...rests a,,
system radiating upwards towards the upper Part oi the head. This

is the main system of the neck, the 'pres ure transmission column

between/
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between the head and the shaft. The 'tension* system is at ached to
compact layer of the upper surface of the neck, and to the lamel:
;lae system of the shaft, and passing towards the lower part of the
head, binds the 'pres .ure' system to the column of the shaft. The
lamellae system of the head is represented by the similarly construct;
;ed arch work ©~C.

That these systems are distinct from one another cannot
be demonstrated satisfactorily in the adult bone, for in the produc;
;tion of the adult structure there are two modifying influences.
Firstly the systems are not equally nor uniformly developed, so that
while in certain places there is a full retention of the appropriate
system, in other positions the ar angement of the cancellous tissue is
noKfc-systematic or 'indeterminate™. Secondly there is the development
of a seeming continuity between the systems of the different regions
into which the bone extrem ity has been divided. Examination of a
young bone,however,(say 10 years) Pig, 84. demonstrate# the original
fundamental separation of the systems of the head from those of the
shaft and neck by the epiphyseal cartilage, and the absence of the

epiphysis of the great trochanter sim:
;plifies the analysis of the systems of
the shaft. In the head the cancellous
tissue is disposed mainly as a pressure
system, the curves of which are very
flat, indicative of the high degree of
mechanical function. The intersecting
"tension'group of lamellae is poorly
Fig. sa4. ' developed,and tends to run to the medial

The cancellous systems at
ten years of age. part/



part ol the head. In the neck the 'pres ure' group o. ‘ibres
pre-cominates; it rests below on a comparati ely short length o. the
neck comp: ta, bt spreaagﬁg out above practically o.er the whole
breadth of the epiphyseal suriace ot the neck. The cur es are.again
remarkably iflat. Intersecting thig 'pres ure' system, there is
quite & definite, though less mgssire 'tension' system composeda ol
lamellae of ‘ery much steeper'éurves. The system of the shalt re-
;tainsg 7ery much the pre-iousgly describéd formation., The 'indeter.
:minate' areas (x.x.x. in fig.B4.) are already well defineda. Now in
the adult there is simply a further speclalization ol those systems
“already difrerentiated and a development of a seeming continuity be-
:tween the systems of aifzrerent parts, so that the interpretation ot
the classical diagrams of MEYER or WARD 1s simplified. MEYER'S uila:
sgram is reproduoed in fig. 35, and is self explanatory.

Though desoribed a8 1f they are continuously in the
same plane, we would support DICKSON'S contention that on reconstruc:
:tion the lamellae systems will be found disposed in gpirals.

is determinant of the positions oif the 'indetermin:
;ate areas' the absence of delfinitely directed strain is predominart
and the cancellous tis.ue is therefore not ar anged ac ording to any

definite plan. One such at 2 (tig.B35) is known as 'WARD'S triangle’.
The caleay femorale of MERKEL is a shell of bone

placed vertically in the cancellous tissue and projecting latevally
from its attachment on the lower part of the neck ana upper part o.
the shart. In the adult it is about § inches in depth, and placea

nearer the posterior than the anterior suriace oi the bone is aireat:
red aownwards and iorwards. In relation to the statics ol the bone
it forms the postero—@edial boundary oi the mechanical column ana

represents/
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Pig.35.
Internal structure of adult bone. (MEYER.).

A. Pressure system of shaft.

B. Tension system of shaft seemingly continued through C.
the tension of the neck to D.the tension system of
the head: described by MEYER as a single system..

E. Pressuresystem of the neck continued to P.the pressure
system of the head.

G Lamellaesystem of the great trochanter is of fibres
parallel to the surface intersected by those at
right angles: the latter are by some writers described
as in continuity with the pressure system A. of the
s h a ft.

represents the "concentration” of the pressure systems of the neck
and shaft in the direct line of the inertial momentum of the trunk

on the femur. In regard to its development,oases have been described
oi its absence in the adult bone, but about the 4th.year we have
found indications of the presence of the posterior infolding. The
earliest appearance of the anterior calcar was about the 14th-16th.

year./
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year. It has pre - iously been shown that the calcars zre sompact
bone,and they are so0 rom the commencement o their .ormation; that
is they are not .ormea "in situ by & compression together o. ele-
:ments o the spongiosa. They represent ‘retentions o. the compa -t
wall oi the neck within the substance of the bone alter the growth
of the circum.erenne, (SOLGER) and a5 alresuy indicatea there is no
gtatic column outsiae their grasp either in the .orm of compact layer
or of systematisea spongiosa. The spongiosa is laid cvown in the
early de - elopment o. bony tissue, but the reticulum is much more
dense though much more :diffesed than at later perious. The 'pressure
systems are de.ined earlier than the 'tension' systems.

AL some period after the bOth. year the spongiosa muy
become the seat o a slow progressife reabsorbtion,orteoporosis sen:
;ile. This condition is a pathological one: it is generalisea
throughout the whole skeleton, ana in sﬁch & bone as the femur the
"indeterminate or non systematiseda cancellous tissue is Iirst ail.
‘fected. Thus we he ‘e held that these changes are not normal(: .post)
and they certainly do not result as the "gi‘ing ol the bone due to
long sustained mechanical strain. In its progressive course,hovever,
the condition ultimately af ects the mechanical systems,and finally
even the 'calcara femoralia' in common with the whole cortex , sa
that there is the liabilit; to iracture or the neck oi the emur.
through the inability to resol ‘e even normal static conditions. The
- fracture most commonly occurs at one ol two positibns, depenuaing en:
‘tirely on the mode of apulication of the causative strain. I. the
fracture is due to a rall on the feet, or so that the strain tre olsg

through/
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through the length ol the .emur, the Iracture is subrapital, at the
junction o. the heao and ne~k. Ifi the strain,howerer,is asrilieu in
the axis o. the neck, such as .rom a .al on the great trochanter,
the iracture ovuvurs at the base o. the neck, meaial to the capsular
attachment in iront, lateral to the at,aohment behina. In this latter
group there 1s a seconaary longitudinal tracture ol the great tro-ham
:ter due to the chisel splitting action of the posterior calcar em.

;orale on the cancellous tissues ol the trochanter (THOMPRON).

Kodaeod WM'.. xj

T Ynastin ok bas of wdk,

Fig.36. )
The secondary fracture ol the great trochanter in irTacture o: the
neck. Modified from THOMPSON.

Regarding the position oi the limb in Ifractures oif the neck the ex:
:ternal rotation is not due to the anterior direction or the neck o
the femur: but.is the result of the preponderance of the external ro:
‘tators and of the asymetry of the mass distribution of the so.t parts
round tﬁe long axis of the bone, the lateral parts being heavier then

the medial.
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8.THE GENER:L N..TOMY OF THE . CET.BULUM.

The acetabulum, the passi e element o. the hip joint, is

an almost hemisphericsl oz ity into which the heau o, the emur is
i 1
recel -ed. It consists partly o. bene ana partly o: iibrous anu I ibro-

cartilaginous tissues. The bony part is Iormeda by the :iusion o. the

components ol the os innomdatum at their most massi e portions, anu
the proportional representation oi the ilium is a little less tha:
two-fifths of the whole,anc of the ischium a little more than tuwo-
fifths. The peripheral part o: the bony hemisphere is interrupteu in
its lower part by the acetabular notch, or partial persistance o. zan
embryonic inﬁerfal between the pubic and ischial elements; ana
similar, though less constant and much smaller, interruptions are
found between the other components. The bony acetabulum is divisible
into two distinct areas, a peripheral articular area, and a central
non-articular portion. The articular part of the acetabulum (-acvies
lunata) is a horse shoe shaped suriace lining the wall ol the hollos
and inter upted at the acetabular notch so that it possesses two
extremities or 'herns'. within this articular suriace lies the non-
articular aresa,(iossa acetabuli,) aepressed below the level oi the ar:
:tiecular bone and open below into the acetabular notch: in it are
lodged a mass of fatty tissue ana the lig.teres. The interruption at
the aoetabulér notch is in major part eliminated in the recent st-te
by the transverse ligament oi: the acetabulum completing the marginal
circumference. Attached to the bony rim and to the lateral boruesy
of the transverse ligament is the cotyloid ligament, (lavtrum glenoi:
rdale) a ring of Tibro-cartilaginous structure.

Into the rormation of the acetabulum,thereiore, therec

enter/
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enter two structural units. There is z bony part, arti.ulzy ana non-
articular, ana & Jibrous part maus Uup o. ~otyloia anc trans erse liga.
;ments, ana the rouna ligament ana Ha "ersian pad o iat.  The role

o7 the latter grotp ol structures in the Iformation o. the femo&@
articular element oi the hip joint will be aiscussed when dealing

with its development and with certain aspects of the articular me:h:
;anism. Primarily, howerer, 1t is necessary to describe in soms ws:
:tail the essential articular compdnent? the bony acetabulum, znd the
adult anatomy oI the other elements.

A. The osseous acetabulum:- On antero-posterior
section the bony acetabulum suttends an angle oif 170° ﬁo 1750, 50 that
its perivheral rim is placed Just minimal to the spherical eqjuatox.
Its actual size, however, like that of the head of the femur,is almost
certainly inaicatie ol the sex oi the bone.to which it belongs. 'In
the male the average diameter is 5.2 cmg. the smallest being 4.5 cums.
and the largest 5.75 cms; in the lemale the a-erage measurement 1s
4.6 cms., %he range being “rom 4.3 to 5.2 cms.” (DERRY). The size
of the acetabulum thereiore is not merely relatise to the size o.
the os innowminatum as a whole but there exists an absolute aifference
between the sexes. The position of the acetabulum, its axis, anu
its curvature form the subjects oi succeeaing paragraphs, but gener:
rally speaking it is placea obli-uely so that its axig ig airesteu
forwards, outwardus and downwards, though in this respect there are
individual and probably definite sexual differénces. The ireec margir
of the acetabulum is undulating, and ig so indicati-e ol its .orma:

‘tion: for at the places ol fusion of 1its elements there are e es-
:gions inwaras, (concavitas suvpercilii acet. HYRTL,) and between

these,/
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these there are exocursions outwards o. &ll fhree bones. The re.cs-
-gion between the ilium ana the ischium is usually not well markea;
that betweer the ilium ana pubis is zlmost constant; the other be-
;tween the ischiygam sna the pubic comcination is the arcetabular notch,
which in only a few cases 1is briagea by bone. The lacies lunata, as
already indicatea, is placea on the most massive portions o ®he acet:
rabular components ana is the peripheral part oi the bony caity.

In virtue of itg shape it only grébs the femoral heada abo.e,benina,
and in front, so that in the pendulum mo-ements 01 the limb this
suriace 1is very comparable to the socket oi a hinge joint. ~ The
broadest part oi the articular suriace is on the ilial portion, the
acetabular ro0i, and on an a-erage measures .5 cms.; 1t nar:ows
posteriorly, though there is a broaaening out on the middle o. the
ischium; it is smallest on the pubic element, veing scarcely 1.25
cms. broad. Examination of the boundaries oi this suriace shows
that they do not pursuve a circular course but that they are parts
ol é spiral curve. This is most evident 1f the posterior boruer is
placea in a perpendicular plane, (FICK) when on the right sice the
anterior continuation wil. be Found to commence a right winding

spiral, and to wind to the left on the left siae.{fig.%7).

RIGHT.

Fig.B87. ' .
The curve of the lateral borader of the acetabulum. (after FICK.)
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The articulzy artilage covering the lacics lunata, in com:
cmon with 211 oncave Joint Sur.aces, Inoreases in thi kness .1o0m the

central towaras the peripheral boraer, being .rom .5 to .9 m.m. inter:

cnally ana .rom .8 m.m.to B m.m. extergglly. The greatest thickness
ig placeu supero-posteriorly, while anteriorly ana inieriorly the —ar:
:tilage 1s thinnest. It is there.ore deduced that the uppér anda pos:
:terior parts o. the sickle have & greater femoral rressure apcliea
to them,tha: the anterior ana in.erior parts, a fact in exact agree:
:ment with the ceauction made Jrom a study of'the heaa of the .emur.
A8 will be shown later the antero-inierior parts are only subject to
pressure in maximal extension oi the limb. It is oiten possible to
recognisé the position oi union of the acetabular elements by & linear
decrease in the amount o. cvartilage, indicatea by the presence 0. a
grey line. As a lurther stage ol this aecrease ol wartilage, the an:
:terior end oir the cartilaginous sickle is not uncommonly separatesa
oL by & cartilage-iree groo-e, the iscolatea cartilage being circular:
:1ly shaped and co-extengive with the pubic area.

In the middle o: the acetabulum surroundea by the articular
gickle tut continued below into the acetabular notch 1s the foésa
acetabuli. It is uncovered by articular cartilage and so is not
reckonea as part of the articular surface: 1t is not concernea in the
transmission oi Jemoral force,nor is it correct to state that the
/fossa is the groo e or the lig.teres. It should rather be regarueu
ags an elimination ol articular suriace unnecessary in the mechanism
0. the joint and comparable to the transverse line ol the ulna in the
elbow Joint. Tt is depressea below the level oi the articular pox.
:tion - about B to 4 m.m.,- but this is equalized in the recent statle
by its contents, the round ligament ana the articular paa o sab.

The /




102,

EThe fossa is covered by a thin easily detached periostium,superfigial
to which is the very lax fatty tissue (Haversian gland).
B. The transverse ligament:- This.structure congists of
%three parts, one being the continuation of the cotyloid‘ligament. The
iseoohd rasses between the anterior and posterior 'horns' of the ar:
:ticular acetabulum and is direoted towards the interidr of the cavity:
, it is formed purely of fibrous tissue, cartilage cells being entirely
? absent. External to this is the third part running as oblisuely plac;
: :ed fibres between the margins of the notch and extending even to the
upuer posterior angle of the obturator foramen. The whole ligament
igs occasionally ossified. Below thé ligameﬁt there is an interval
~of which mention has already been made in reference to the passage of
vesgsels within the acetabulum: The length of the ligament is abouﬁ
3 cmg., its breadth about 1 cm. '
C. The cotyloid ligament:- The ootyloid ligament is a
"fibro-cartilaginous ring wﬁich not only ‘levels‘up' the slight notches
in the bony margin but bridges over the acetabular notch: very often,
however, one or other of the other rimAdepressiohs is aléo bridged
over by the ligament so that a groove remains between the ligament'
and the bone. POIRIER hgé described such a slit undexr the whole
upper part'of the ligamenf; On transverse section the cotyloid
E. ligament is a 3-angled prism with 8 surfaces: the attached surtace or
basge:

The outer surface, sllghtly convex, at parts fused with the
| capsule:

; the inner surface,gmooth and concave,lying closely on the .
' head of the iemur, and folloWLng the curvature of the acet:
b abulum.’

The 1igament congigsts of fibro-cartilage only towards its btase, the

. free/
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free boraer being oomposea solely of fibrous tissue,the individual
fibres of which spreao” obliquely into the ligament from the bony
m aigin, ano, then complete a more or less ciroular course. It is
almost always pos ible, hoviTever, to find on the femoral surface,super;
.xic.iall.y, isolateu completely circular fibres, but the usual oescrip;
.fion that the ligament consists entirely of such fibres is not cor-
;rect. HEIILE has aescribea on the femoral surface radially running
fibres which may be traced on to the cartilage of the articular sur;
-face as far as its menial border, giving a direct suggestion to the
iaea of continuity between the two articular surfaces. Morphologically
we consider the ligament as unossified bone rather than as wvariously
moaified synovial membrane, KEITH; and the incidence of its modifica:
:tions is relatea to the underlying causation of its non-ossification.

The base of the ligament, attached to the bony rim,
is placed at the equator of the acetabular sphere but continuing as
it does the spherical curvature the free sharp border of the ligament
is placed on a curve of smaller radius than that of the acetabulum.
The marginal radius(in the male) is 2.4 cms., that is less than the
radius of the acetabulum or the radius of the head of the femur: the

aepth of the complete acetabulum is 5.3 cms., that is greater than

Fig. 38. ,
The average measurements of the acetabulum in the male

the/
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iﬂw-radius ol’” the acetabulum, so that all sections through the centre
gmm inclusie of the ligament are éros subtending angles greater than
fjgoo, In order that lateral movement of the heaa of the femur may
é%ccur in the mechanism ol the Jjoint that part ot the spherical wall
gmaximal to 180° ana of diameter less than the femoral head must’ remain
;iof extensile structure, and as such is the cotyloid ligament. This

Eiigament is present, then, not to deeven the acetabular socket but to

:diminish its osseous extent. FICK has drawn attention to those cases
Zdn which the ligament . is completely ossgified, and states that the head
‘;of the femur would not then be capable of lateral movement: in two

specimens ol this condition which we have examined the femorale head

- wag capable of and did undergo, on flexion oi the limb, appreciable
1 lateral movement, since the ossified ligament aid not Qontihue the

§ spherical curve of the acetabulum but was of radius ol ejual extent to

1 the bony socket. In function the ligament is so c¢losely applied to

;;the head of the femur in all positions of the limb, though in certain "

jfinclusion of the femoral synevial pads must be allowed, that the Jjoint

} cavity is “hermetically sealed" even to the passage of synovia, a con:
‘idition previously shown to be necessary to the action of an organised

} articulation.

9. THE MORPHOLOGY OF THE ACETABULUM

Up to the time of apnearanoe of the ;joiht bleft” the
anlage of the 1nnom1nate bone is. contlnuous with that of the iemur
k. Wlth the hlstogen681s of the formation of the oleft we are not at pres
:ent concernea beyond the statement that we do not consider there 1is

evidence/
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ﬁgv?dence of an extra-capsular mesoblastic immigratioh}%bﬁtyraiﬁér that
Sﬁhe change oi c¢ell type which is incident to its aprearance is local,
fﬁand is concernea in the definition oi° the articular suriaces before
:;the Tformation oif the cleftgl) In embryos .5 ahd 8.§ms long, (50
féand 57 aays MALL formula) the prlm&tlfe acetabulum is well formed,
;éand though differing in certain respects from the adult structure it
fiis impossible to agree with LOCKWOCD “that there is not at first a
_fpelvio socket in which the head oi the temur Iies". There is a well
fideveloped socket at these periods, which though not wholly coincident
} as chondral tissue with that of the head of the femur is at least co-
terminous and proportionate in depth as an anpticular surface in ité
earliest appearance. The early acetabulum is formed by the ilium

t and ischium but the pubis is prevented contiguity with the head of

| the femur by an intervening mass orl Qndif:erentiated mesoblast and
does not therefore take part in the boundary wall of the primary sock:
;et. (In comparative anatomy Phe pubis is found to be very variable
in its development, so that while in some animals it foms paxrt ot the
%ﬁ acetabulum - though always the smallest part, - in others it aoces not
: reach the ilium and so 1s excluded from that ca~ity). Relative to

the mesoblagt, which in human ontogeny excludes the publs from the

acetabulumn, the 301nt cleft developes in two alreotlons upwards on
its femoral surface and downwards through its oentre,\so that there
ig formed thé-lig. teres as part of the early or primgtive capsule
and continuous medial to the lower part of the central cleft With

the marginal capsule.(vide ante). On the acetabular surtace of the

ligament/

l.PETERSEN and VON FRIELANDER have shown that the shape oif" the
articular surtface is defined before the cleft is formed. ,
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f ligament the remaining mesoblast spreads iorwards over the pubis ana
Hivascularises in common with the c¢hondral tiésue 0l that element. De:
;fining the primitine auetébulum as that area oi the innominate bone
within which the joint cleft ishbbunqéd and to whose margins the
prim&tive capsule is attached,it;i§7posgible'to recognise alter re~
:construction local quifications'iﬁ theipre-chondrium in the posi:
:tions ol the futdré"cgtyloid aﬁ&”trans*erséyligaments and ag defects
between the elements on either sidébbf‘fhe ﬁubis, that between the
ischium and pubig being of considerable extent and with the ilio-
pubic linear mesoblastic retention completely isolating the chondral
pubis Ifrom the chondral tissue of ischium ané ilium: and these modi:
;fications are articular in the sense that they are in contact with
"the head of the femur. In regard to the éotyloid ligament it is de:

:fined best over the ischial and ilial margins, and in all situations

I 'is present as a gradual transition from the chondral to the fibrous

texture there being no boundary between the basal cartilage and the
marginal tibrous tis:sue. ESimilar facts are found in the gtructure

of the.prim;tive transverse ligament, there‘is no demarcation between
the cartilage cells of its lateral attachments and the fibrous ele:
:ments of its central parts. Superiicially adherent to bpth liga-
-ments is the continuously fibrous and easily differentiated prima-
;tive capsule. These ligamentous elements, then, are modiried parts’
i of the articular acetabuium.and are morphological derivatives of»the
innominate bone (fig.39.) - ~Begarding_the5separation of the
pubic cartilage from the combined ilio-ischial mass, so0 far this

has been demonstrated only in the human subject, (ROSENBERG): in

other/
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f other memmalia the ossifications of the four pelvic bone elements

Fig. 39.
i A reconstruction of the acetabulum of a 3.cm. embryo.

|

- are described as occurring in a single cartige ‘anlage' (BRONN). The
fourth component of the‘os innominatum, the os acetabuli, now recog:
} :nised as a definite element in all mammslian orders except mono-
f.:tremes, takes part in the formation of the acetébulum in a greatexr
- number of animals than was indicated in its earliest description by
1 GEGENBAUER; This author described in Macacus that the pubis was ex:
u:cluded from the acetabular wall by a "calci.ied oarfilage", and
gubsequently detected the apvearance of a similar element in hepﬁs
and Cynocephalus: KRAUSE after more extended observation has indic:
;ated the true osseous nature of the os acetabuli, and gavé the fol:
:lowing description,b It lies anterior to the acetabular notch but
its existence as a separate element, though differing in different
species, is of very short duration. It may fuse primarily with any
i of the other elements, but mest seldom with the pubisi if it does
j‘i;'fu'sse with the pubis it forms that part of the acetabulum which

“would/
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R would be taken by that element. In its highest uegree of de-elopment

P it is the same thickness as the other bones so that it appears on

both surfaces of the pel-is, but more commonly it is a superiicial
lamellae and does not interene medially between the ilium and the
ischium. It is a definite pelvic element and not an epiphysis: for
it has homologies throughout all the mammalia and it fuses, not with
8 definite bone, but with any of the other pelvic components even
though it is laia down much léter than the other elements and its
ogsification is not begun when the others have assumed their defih:
;ite osseous form.

In a foetus ot 4 months the dédfect bétween the carti:’
:lages of the igchium and pubis is partially obliteratea by the for:
;ward extra-articulaer growth of the ischium to form the floor of the
acetabular fossa. At this period and up to the 6th. - T7th. month
the acetabulum is proportionate in its depth to the size of the heaa

of the femur, though at no stage so far is the cavity more than

hemispherical in a section through its axis. From this perioa

onwards til the Brd. - 4th. years the cavity is proportionately

smaller than the femoral head, which is therefore grasped in a less

~pexrfect manner than at later periods of full function: but we

cannot agree with VON AMMON that " the socket is a shallow saucer

‘shaped depression”. It has not diminished from its hemispheric:

sal ekteht."' ’ At three yeérS‘of agé the three main components

of the acetabulum have converged in ossification fo form the acet:

'iabulum put are still éepaiaféd by‘ihteréhing cartilage, which is

thus/
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thus tri-raciate. In this cartilage about twelve yeears additional .
centres of ossification appear, and as a general rule Jjoin with the
boundary bones. One of these ossicles forms the independent os
acetabﬁli which subsequently fuses with and constitutes the acetabul:
;ér part ot the putis, or more farely mey remain separate. At
gixteen years the ossification of the acetabulum is usually complete.

Cdngenital dislooation of the hip is a loss of
thé primery contact between the femoral head and the acetabulum, not
traumatio or the result of aisease but as a malformation aue to the
loss of Joint stability.. The c?ndition i8 describea as occurring
in the fbetus, at birth, or after birth, but the majority of writers
afe agreed that it takes place in early infancy, and that the pre-
;disposing factor is an imperfect socket while the rational move-
:ments of the limb in flexion and extension form the exciting cause.
(FRbLICK, VéGEL, TUBBY, BADE, THOMPSON,etc.) .The anatomical
changes which have bé;n indicated as usvally present are, that the
neck of the femur is anteverted, shortenéq and depres-ed; that the
iig. teres is present intact tut modified in that there is a great
increase of ité length; and that the acetabulum is smell end flat.
It is neoéssar*, however, to distinguish whether these changes are
réally those of the original malformation or whether they are no£
entirely secondary to the use of the malformed parts. . We heve
already considered the femoral abnormalities and indicatea their

gBecondary nature. In regard to the lengthening of the ligamentum

teres/
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teres we woulu hola that this Jjustifies the conclusion that the dais:

:location has been of gradaual onset: for we have shown that the hean

of the femur may not at any period be displacea from its socket

without a rupture of that tand. The acetabulum is most often in-

;aicatea ag the structure developmentally at fault, but we woula be-
:lieve this also a secondary change: for it is well known that the
opposing joint surfaces aepend on the contact estatlishea between
them for their conformation or 'moulding'; ana the absenqe of this
contact woula te suf icient to ac ount for any marked shallowness
of the cavity. We woula put forward the following view ag a con:
:tribution to the etiology of the oondltlon. The surfaces of thé
hlp Jjoint are in maximal contact in exten31on ana ardauction of the
| 11mb but minimelly so in the foetal position of flexior ana adauvetion,
(so that at tirth the aoefabulum is not proportionate in its cepth
to the size of the femorai?;v ana in the absence of that factor
which was the mein elémen€yin the establishment ana retentiqn of
joint contact, that is musoular tonus, the separated surfaces will
not assume apposition but will be relatively and gradually further
displaced on the application of the body weight on the lower limks

in crawling and walking.




B.THE PHYSICAL ~N..TOMY OF THE FEMUR AND _ACETABULUM.

109.
1.THE NECK OF Til FEMUR .8 .. STATIC PROBLEM.

The angulation of the limbs is a beneiicial structural
adaptation to the mechanical rejuirements, and in connection with the
proximal component o: the weight transmitting couple of which each
limb consists, the two points of'paramOunt importance, so far as the
preser-ation of gtability in the sense of forming an efficient mech:
tanical support is concerned, are the length of'the component ana its

degree of angulation to the distal element.

A, The length of the neck:.-

v The purposive neéessity of the essentially human character:
sistic of the oomparativély great length df the neck of the femur has
been assigneda to various functional causes,most of which are open to i
the objection of being simply statements of fact of the existing con: ;
;ditions and not explanations of those really associated circumstancés‘g
For example, it is not necesg ary to lengthen the femoral neck in or- ‘
.der to obtain-a greater amount of adductor muscle: rather it shouldr ﬁ
be said that,the neck of the femur being 1engthened,a greater amount
of adductor musﬁle will become an absolu&é neoeésity. The length of
the neck of the femur is really proportional to the breadth of the
pelvis, | |
With the increase of the pelvic transverse diaméter in

relation to the pelvic antéro‘posterior diameter(l)'there has been a

l Topinard, Anthropology p.305.
Duckworth,Anthropology p.295.shows this by means of an indéx
(modified from Topinard,) where when the transverse diameter is

100,the ant.-pogt.diameter is as follows.-

Edentata .138 Lemur01dla .144
Rodentia..p188 Cebidae .....13B
Carnivora..1l32 ChimpanZee.;. 97
Ungulata...123 Gorilla...... 79

Homidae..75.(Turner,Chall. Rept., average of
white races.)
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a concomitant increase in the divergence of the lines of weight pro:
;pagation from the /ertebral column to the lower limbs. For, when the
antero-posterior measurements are more carefully analysed, it w ill be
found that the reduction is purely of the post-acetabular part of
those measurements: the pre-acetabular, on the other hand,undergoes
a relatire increase concomitant with the increase of the transverse
diameter, (figs.40 and 41.) In Table 2.the measurements carried out
and the methods of comparison adopted are explained,showing this re-
:lationship of the various pelvic measurements to*one another. W hile
not seeking to dissociate the final correlation of the causative fac:

:tor in man from the assumption of the erect position, yet it may be

Il

Fig.40.
The pelvis of a human fT has been drawn to a definite scale,
and drawn to the same scale the pelvis of a S puma has been

superimposed. Note the amount of divergence of the cotylo-
sacral lines depends on the position of the inter-acetabular
diameter.

stated for the purposes of the present thesis, that with the increase

in the transverse towards and greater than the antero-posterior pel:

dvic/



pel-to diameter there is a greater divergence or the lines of weight
propagation from the /ertebral column to the acetabula, and on this
factor it is proposed that the length of the xemoral neck is in dir-

;eut ratio with the relative distance between the acetabula.
S/<wA*oX ywAvw.

7
/
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Fig. 41.
Comparison of pelves of human and tigress, as in fig. 40
Ant.-Post. Post.-acet. Pre-Acet. Trans. Index.
cms. cms. cms. cms.
Ass. 14. 9.2 4.8 10.4 154
Deer . 13.6 9.5 4.5 8.6 158
She -p. 10.1 6.9 5.2 6.7 151
Deer 7.1 5. A 4.4 161
Tigress. 9,7 5.7 .4 7.2 . 154
Puma 6.5 4.2 .2.5 4.5 151
Cat 5.5 2.2 1.5 2.7 150
Gazelle. 6.2 5.9 r.5 4.7 152
Goat 6.2 4 .1 2.1 4.2 147
Human F. 11. 5.8 5.2 11.5 96.
(Note:- The apes are excluded from this Table.)
Explanation.- The antero-posterior diameter was measured in the

usual way; the transverse is taken as the distance between the centre
points of the acetabula on the pelvic aspect, which not being the
greatest diameter makes the indices given higher than those usually
stated. The post-acetabular length is that part of the antero-poster:
;ior diameter which lies posterior to the transverse measurement,the
pre-acetabular that part which lies in front. The pelvic index is
calculated as usual.
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This difference of degree to the horizontal of the pelvic

weight bearing lines of pelles of differing widths w ill mean a differ:

;ence in the amount of resolution necessary to convert this oblique

force into the required vertical from the acetabula to the ground:for»

as is shown in fig .4 f, the wide pelvis A-A will require a greater

amount of conversion of its weight bearing line A-A into the vertical

A-X than w ill the nar ow pelvis from A-B to B-Y,always considering,as

is here done, that the force acting in the horizontal plane is in all

oases approximately relatively a constant. This is s till more evident

Figo42.
To show that the amount of divergence of the pelvic weight trans
:mission lines influences the resolution of the oblique pelvic
force into the vertical Iimb force.

Force/
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, Force acting along VA = & Fo, ,
oo ! b Y AL = 2 Fo. gec.M.
! : AB = 2 Po. Sec.N.
. ) f AE <= 2 Fo, tan.M.
But X ¢ ) Bg = ¢ PFo. tan N.
u .
L tan M )Mtgngﬁ.
i.e. force acting along AE %

force acting along BF.

gif the two lines A-A and A-B be. resolved into their component forces,
fone of which is vertical, when, as is shown in fig.42, a greater amount
F of pure horizontal force must in the wider relvis be converted into

- pure vertical force. In the translation of the effects of this factor

%&to the femora, it will in the first place have been recognised that,
though the sacro—iliqb articul@tionrpas mOd%fied, yvet the greater modi:
:fication rests withfthe femur. The form of the transmission of this

'\oblique into thejvertically acting force, which in nature has been ad:
:opted in the femur, is from the curved to the angular, the curved
portion'being at the upper end of the bone, with of course the convav:
ity inwards. Now the .economic organic tissue reaction is a factor re:

’:lativeiy of the samé degree throughout the whole animal series: and

- wWhen this‘is combined with thejsimple mechanical fact that in a support
of uniform curve and constant strength the greater the approximation
of the two opposing fordes the longer is the afo”réqﬁifed, it will be
.clear that to compensate the increase of pelvic breadth there must a
eldngation of the femoral neck. In fig. 43. arcs of the same radius

" have been made to. transmit the obligue force at:the femoral head in

& curve from the head to the vertical: and as forces acting along a

#.éurve act tangentially to that»curvep;i? is_shgwn‘graphioally that

. the distance from the femoral head to'the point where the fo?ce agting

tangentially on the curve is purely vertical is in the wider polvis

a/
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a longer aistance than in the nariow pel*2*is. Thus, taking the

—

Pig.43.
The transmission of the oblique pelvic force by means, of a
curve to the perpendicular. The arcs at A and B are of equal
radii.
"mechanical axis" of the lower |limb - that is, the line of weight

transmission, which, joining the center of the head with the centre
of the knee, pasres, when prolonged, through the centre of the ankle
joint - taking this as a vertical constant throughout the whole mamma:
:lian series, the greater the divergence of the lines of weight pro:
:pagation of the pelvis, that is, the greater the ratio of the pelvic
transverse to the post-acetabular part of the antero-posterior meas-

;urement/
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measurement  the longer will the neck of the femur re uire to be.(l)

It may be objected that the mechanical axis of the lower limb is not,
in the human sutjert at least, a vertical -uantity, but is inclinea

to the vertical. The amount of this inclination is small, exists only

in the uncomfortable military position of 'attention' to the extent of

80,(4) and inclined as it is to the perpendicular rather than away
from it, the result would be not to lessen the length of the neck,but
actually to increase it. In Table 3 a series of measurements on

this point is given, and the methods adopted fully explained.

TABLE 3.

Length of Pelvic | Pelvic N.- T.
neck. trans. - index. index.

cIs . cms v
Tigress 2.6 7.2 134 36
| Puma 1.5 4.3 151 37
- Human M. 4.1 11 95 37
Human F. 4.4 12.58 94 36
‘Deerx 3.1 8.8 158 36

Note the constancy within limits of the neck-transgverse indices
of pelves of widely differing pelvic indices. Though the neck
has such & definite relation to the pelvic transverse width,
the length of the shaft,of course, is not proportional to the
length of the neck.

Explanation. The length of the neck was taken as the distance from
the point of intersection of the axes of the shaft and of the neck
to the "base line" of the head,in the axis of the neck. The axis of
the shaft is taken as that line which,extending through the centre
of the bone,if prolongeda downwards would bisect the intercondylar
line at the lower and of the femur. The axis of the neck is that
line lying in the centee of the neck which bisects, though not at
right angles, the "base line"” of the head. This base line ol the
head Jjoing the margin of the articular cartilage at the highest point
on t?e neck with the margin at the lowest point,these being the two
most

1. Under,investigafion at the present time by the writer is the
question of the reduction of the length of the neck of the
human humerus. &s compared with the neck of the lower forms.

Fick.Handb. d. Anat. u. Mech., d. Gelenke, Bd. 3.8.525

D
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most fixed points obtainable.(l) A. Tracings of each bone examined
were madce from the anterior aspect by means of the agioptograph, andthe

- measurements obtainea irom the projectea aiagram which was always of

the same dimengions as the original bone. This methoa.was'adoptea
in‘p;eference to any other on ac ount of being the one of smallest
pos=sible er -or, no external measurement being found which was in the

- least aegree ac urate. The neck-transverse index (N-T index) is cal:

sculated thus:- Length of neck X 100
: Pelvic trans. )

Even in the human subject there is evidence of the great:

:er length of the femoral neck of the broader prelvis of the female as

compared with the male. Cruvielhier, Hyrtl, and others are all

agfeed on this point: and though Bertaux found the neck of the female

femur was les. than that of the male, and the right neck shorter than

that of the_left, yet his.absolute ag,uracylmay be doubted, as it is
evident from the actual measurements given that some external method
of determining the length of the neck was adopted. Sue found the
femoral neck "a few lines longer" in the female than in the male. 1In
tﬁe présent Series of bones examined, fifteen male and fifteen female,
(Table 4.), notwithstanding the relative shortness of the_female
femur, it was found that the neck was on an average 3 .1, longer than
in the mele: but individually an enormous variatiqn is pfesent, which
}ariation does not coincide with the length of the femur nor with the

angle between the neck and the shaft.

TABLE /

1. This does not correspond with what is termed by Hoffe the
base line, for his limitation is "that line parallel to the
acetabular outlet which pgsgegighggqunﬁhe;base of the cax:

itilage of the Head'. =~ .. .




Measurement of

ABLE 4.

human femora.

Length of femur. Neck ‘Angle.
cms . cms . ‘0.

1.F..o ... . 38.9 4.5 129
LMoo, 42.8 4.2 120
3.M..... centace 40.7 3.3 118
4, Fo.v.., tese 43,4 4.9 126
S.Misiei i, 45.4 4.2 129
6.F,..... cee e " 44.5 4,3 140
TeMeoe oo, 45,7 4,3 124
B.Fevon.. o . 45,2 4.7 136
9.M. N 44,1 2.9 28
lo.M...... 8 47.1- 4,5 23
11.M..... SN . 46.8 3.9 120
T . 39.7 4,5 120
13. Pl . 41. 4.7 . 1186
B L 44,3 4,9 142
15.F.. .o iei e 40, 3.9 128
16.M. . RPN 44,7 3.4 126
17.F. Ceeeas 44,5 . 4.3 137
18.F......... . 45,83 5.1 130
19.Fe e - 40.7 4.2 119
20.M. . e 45,6 4.6 122
1. Meeo.... ves e 43.7 - 4.7 126
R2. M. . ool 47.6 4.9 | 185

23 Mo . 45,6 4., 132
P4 Moo ‘e 43.8 4, 137
5. M., oo . 46 .7 4.2 113
EB. Mo v 43.2 3.8 123
ST B, . 37.6 4. 124
28.F. . . 41.4 4.3 125
COF. .. . 43 .9 4. 122
SO0.F.......... . 41.1 3.5 120

verage length of male femur......... cms., 44.2

" ! " female " ......... " 42.1

verage length of male neck.......... cms., 4.1

" " " female ".......... " 4.4

Average male angle...... 1258
Y female " ...... 127
- Explanation The length of the neck was obtained as gilven undex

117,

. Table a,whilé the angle is taken as between the axis of the neck ana

- the axis of the shaft.

The length of the femur is taken as "the

: mechanical length" that is, the condyles are plaged on a transyerse
" plane ana the measurement taken to the head: this, of course,is not

. the greatest femiral length. Hepburn's. osteometric board was used.
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In tracing the ae-elopmental changes in the length of the neck
of the femur in the human subject, it is well known that the human
foetus is simian in this respect,- that is, the neck relatively to
the aault cvonaition is il developed} On examination of the belvis at
this foetal stage it has béen shown by THOMPSON (1%ha£ sexual charac:
:teristics are already present at the fourth month, and ac ording to
DUCKWORTH (2) the pelvic indices are, for the femalé 82.4, and foxr
the male 83.6 at this period. Thus as-ociated with & simian pelvis
is a simian femur. There is, however, another factor to be oonsidefﬂ;
:ed asg causétive. AS well as the mechanioal.foroe there is anotherv;j
force,- a developmental one,- found to be a determining factor in tﬁe
pfoduction of the form, 1ength,.etc., of the os:eous skeleton. But

with a normal relationship between the mechanical forces and the

developmental forces the former will serve as a guiding stimulus Where;‘

:by the latter may most effectively execute the neoeésary modifica-
:tions in the different parts of the osseous framework. The converse
of this relationship is also true, that whenever there is\a disturbance
of this relationship there will be anomly cf form, The disturbance
may be in either of two directions, in both cases passing towards
complete suppression: for the meuhanical.may be diminished or sup-
::presses with the non-control of, or absence of stimulus to, the de-
1:velopmental, a condition leading towards anomalies of form which
will be of the embryonio or the primative type. Or, on the other
Jhand, there may be preponderance, complete or partial, of the mech:
ﬁénical bver the developmental,foroes,‘where the anomalies would
tend to be progressive, and emphasised at the points of greatest

strain./

1. Thompson,Jour.Anat.and Phys.Vol.23.p.59.
2. Duckworth, Anthropology, p.296.

)
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strain. As regerds the apilication of the former‘ﬁofthé lower limbs;
it woulda in the adult be found onlj in such conditioné~where.ffom‘ab:-
:normal causes the Iemur has not been re-uired to transmit the Weighé
of the boay,- for example,in an early complete paralysis, in an early
amputation, in extreme hydaro-cephalus, etc. In the foetus the devel:
:opmental force will be in preponderance ocer the mechanical: that is,
the absence of the weight transmission of the body will connotate an
absence ol those mechanical factors producing the changes which are
80 typical in the growing humen subject,- an increase of the lehgth
of the neck of the femur. Thus the absence of the correlation betweeN
the mechanical and the developmental forces .in the direction of the
suprression of the mechanical will ig itself constitute a reason as
to the shortness of the neck of the foetal femur. In Table & there
is a tabulation of the measurements of the neck at dif erent ages,
showing the relatively great increase once the mechanical strain is

brought to bear on the tissues of the neck.

TABLE &, : ‘
Age. Length of Length of N.F.Index.
' neck. femur.
cms. (av) cms. (av.)

Adult P.o........ 4.4 42.1. 10.2
" Meoonroon.. 4.1 44 .2 9.7
vears.18....... . 4.2 44 . 4 9.6
" 16....... . 3.9 40.6 9.6
¢ 14...... . 3.5 37.6 9.2
" 10..... c e 2.7 34 .4 7.8
' 8. . 1.7 25.2 6.7
N > SN 1.1 17.2 6.4
* 4. ....... .9 14.7 6.1
" B .6 11.6 5.2
At birth..... oo ( .47) 9.4 4,3
Foetus 5 months. ( .2?) 4.3 4.6

Bxplanation: All the meagsurements were carried out as before.
The neck-iemur index (N,-F.index) cannot be held as of much
value apart from the purposes of comparison.

-

Length of neck y 149,

Length of Femur

It is taken thus.:
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It will be notea from the table that.there is & steauy in:
:orease in the relative length of the neck up tb fhe age of 12-14
yvears, at which perioa the neck of the femur may be Said to hare
_ reachea its maximum ontogenetic length, in the_rélative éense. Thus
it must be evident that to have any apvreciable ef . ect on the length
of the neck of the femur in the direction-Qf~non4élongation the mech:-
:anical foroes”hpét have becn absent from a gomparativé1y»ear1y period,
though this is presupposing that retrogreSSion'danﬁqt t@ke place, T

have been able to examine two skeletons in this respéct In skeleton

left leg 1s over'all 12 cms. shorter than :
comparing the upper ends of the femora, itflemore than?lhferesting
to note the relatlvely short neck and the relatlvely large angle ot
the diseased Slde (fig.45.) Absolute measurements were not possible

but those given are at least approximate.
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Pig.44. Pig.45
Length of Neck Angle.
Pemur
cms. cms. 0.
Healthy limb 84.7 3.1 125
Diseased lim b .* 27.5 1.9 140

In skeleton 2 the first glance at the femora is sufficient
to indicate that they could not possibly have borne the weight of
the body, and here again the neck of the. femur and the angle are of

the embryonic type. (figs.46. and 47.)
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Fig . 46.

The approximate measurements are;-

Right

L eft

:ponderanoe of the mechanical

;lustrated

causes/

Length of

Femur.
cms.
limb 83.9
limb. 36.1

The other possibility - that

in

the condition, of rachitis.

Pig,47 .

Neck Angle
cms. 0.
(2.07) (1407?)
2.1 135

122.

is, where there is a pre-

Here,

over the developmental forces - s

from pathological
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causes, the developmental forces caniiot take their prober plaoevin
the production of the form of the bone. Thus apart from an as:o:
iclation with an increase absolute and relative of the pelvic trans:
:verse dlameter, the rachitis femur undergoes, concomitant with thé
increage of its anterior curve a curving outwards of its upver part,
, or in other cases a curving inwards of its lower part, more com:only

the former. That is, as is shown in figs. 48. and 49. the femoral

' neck, the curved weight transmitting line from the head to the verti:

:cal, has spread far past its normal limit, and may here be gaid,

g.48., ‘ Fig.49
Rachltlo femora. Physiological elongatlon of the
neck.

e

physiologically rather than‘anatomically of»oourse, to extend from

_kthe head past the mid.le of the shaft _ ‘
It may be obJected that no aolount has been taken of.

another/
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another acting force, the muscular force or muscular pull, which by

many authors is spoken of as moulding the whole osseous skeleton.
Muscular force is, however, a moaifying rather than a controlling
factor, anda will never under normal conditions actin a manner to con:

:trol or divert the action of the meohanioal force. Muscular force

is thus simply the dynamic expression of those factors which under
normal conditions, that iis, with a normally acting mechanical force ,~

temporarily rather than permanently bring about and sustain in the

new direction of the line of force, modifications of the direction

of the normal line of action of the ﬁgéhanical force. Through the
continued action in one constant dfrection it may be that a local
modification of form, contour, size,etc. will be produced, but never
will & nommal muscular force control or divert the normal mechanical
force. This expres:ion of the influence of muscular force does not
in the least detract from what is known ag "Wolff's law"”, wherein

it is held "that the shape of the bones is determined by the condi:
:tiong of reaction to body weight, and the stress and strain of

mnuscular action”.

The great length of the neck of the femur in the human sub:

1 ject is, then, an adupégbn to the increassd width of the pelvis. |
The. structural axes of body support are thus removed from the line i
of body gravity to the maximum extent, to compengate for which there

:’ must be the maximum of the movements of aduuction’and abduction at T

i“fthe hip joints to allow of the ossilation of the gravity line of - the

';’trunk-towards the unit of support in biped progression.
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B. The angle of inolination/of the neck: - The angle of the neck
of the femur, often referrea to as "the angle of inclination’| is here
unaerstooa as the meaially open angle between the axis of the neck and
the axis of the shaft. According to the generally accepted yét some:

:what aiverse statements of different authbrs, this angle varies

“kthroughout the mammalian series and in man it varies with the age anda

ﬁ;with the sex. The conoiusions of HUMPHRY in regard to thig point,

:’those which have become claggic, are:-

1. The angle varies at any given age.

2. It is smaller in short bone?fthan in long: most likely to
be small when the peivis ig wide: the combination of these
two usually rendering it smallér in woﬁen than in men.

3. It decreases during the period of growth, but after growth
is completed there is no change.

4. If the limb be relieved of its weight during growth the
angle remains open, or may become wider.

, Deductions such as these could not be improved on
as baseé on which to institute an inguiry inte this Juestion - the
amount of divergence between the axeg of the two components of the

femur.

In his second odnclusion_HUMPHRY states that "the

?angle of the neck of the femur is nmost likély to be small when the pel

’:vis ig wide.” TFrom this it would of necessity follow that the angle
iis most likely to be great when the pelvis is narrow. That the angle
,;iooks as if it would be smaller in the wider pelvis, onw would at a

Effirst glance deduce from fig. 43. If,h0wever, these diagrams are read,

ag/
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as they are drawn, in the truly mechanical sense, it w ill be seen
that this cannot possibly be the case, ana. especially if a resolution

is mace as in fig .50. Where, il’ in the two pelves A - B and A - C the

respective lengths of the necks of the femora be B - X and C - Y, or

Pig.50.
To show that the angle of the neck of the femur tends to
remain a constant. (see text).

some lines running between the verticals at B and X and 0 and Y ,with,
of course, the neck of greater length in the wider pelvis, then it s
obvious that the inclination of the shaft from the extremity of the

neck back to the vertical at the knee w ill always vary ac ording to

the/
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the length given to the shaft. Now the deviation from the vertical
ol the shaflt, ana in consejuence its length, will not be determineu
by purely mechanical causes, but these will be influenced by other
fectors, developmental and physiological in the main: yet the less
deviation there is the more economic will be the organisation re-uir:
red, made compatible of course, with a structure which is convenient
Tor purposesvother than mere stability. But.the application of the

same laws to both pelves, the narrow and the wide, with their respect:

:ively short and long femoral necks, will always result in the tenaen:

:cy to a grester proportioﬁal length of the femur of the latter pel-
vis, It is to be noted_that thig ﬂroportional length is not in

direct ratio to the length of the neck:‘-for example, in one species
if the neck of the femur be twice a8 long as in a second species, it

does not follow that the shaft ofbthe former femur will be twice as

the shaft of the latter. The connotation is only that the shaft I
of the former will tend to be longer than the shaft of the latter. |
On this fact rests the reason as to the greater inclination of the
femur.of the broader pelvis Now,in fig.50,1if the vertical forces
acting along D - B and E -.C have ag one of their components the
femur shafts D-M and E-N in their proportional lengths,then it is
coriect to state that, though the other oomponenfs may have a vary:
ﬁing direotion to the walls of the pelves as expressed by the sacro- ﬁ,
acetabular lines or by the antero-posterior pelvic diameters, yet

the angle between the two components will remain a constant. That f:

is, that, per se, the width of the pelvis should not in the slight: |

:est degree influence the amount of divergence between the axis of M

the/
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the neck and the axis of the shaft:(l%ut what does follow is the
difference in the obliquity of the neck of the femur, This tendency .
to the constancy of the angle of the neck of the femur is borne out in
Table 6.,where, within limits, the angle remains a constant for the

. adult,

TABLE 6.
Pelvic index. Angle,
3 (aver. : o.
: Human.F. 94 - 127
1 "M, ' 95 125
' Gorilla. 147. 120. (Duckworth gives 124°.)
Tigress. 134. 123.
Ass. 134. - Iz27.
Decx. 158. 1125,
Puma . 151. 128.
Explanation: The method of obtaining these measurements has been !
detailed before: Fig.51.shows how various measurements i

are taken.

In applioation of this constancy to the adult
human subject, HUMPHRY'S first conclusion, "that the angle varies at
any given.age", 1s only too evident. In HUMPHRY'S series there was a
range of degree from 113° to 1860, other writers as a rule admitting a
-gimilar variation. It is obvious that this variation is purely indiv:
:idual, and is of much greater extent than that found between the

average of man and other mammals. Individually there ig varistion

in the breadth of the pelvis, (Table 3), in the length of the neck ana
| in/

1. It is a significant fact that the angle which the morpho:
:logical neck of the humerus makgs w1tg the shaft of the
bone is in the human subject 125b~’180 . :

S e ey
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in the length of the shaft, (Table 4.) but these variations oan in no

of AytodL'

Pig.51.

To show how various measurements are obtained. The angle at A

is the angle of the neok of the femur: A-B is the length of the

neck.
possible manner be correlated to the variations of the angleThe
causes must be assigned to differences in individual developmental
reaction, causes which can never lend themselves to proof.

Now as regards the sexual variations which are said

to exist in respect to this angle, Humphry has summed up the accepted

view /

1T.HIRSCH,Anat.Hefte,Bd.87., puts forward the view that a long neok
is associated with a large angle. The same author correlates
the angle and the area of the transverse section of the shaft,
(op.cit. 1800,3.10.)
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view in his conclugion, "that in short bones the angle tendas to be

’small,‘and it is most likely to be small when the pelvis is wide". Both

of these statements, even in their limited application to the human suhb:

- 1 Ject, are founded on the idea that the femur will be developmentally

; piastic, but the inclination of the neck to the horizontal has been oon:g

§ :8idered as remaining absolutely fixed. That is, that the one factor

;

- which can be shown to vary HUMPHRY has concluded to be unchangeable,

and if thisrhypothesis were correct the angle would be smaller in the
shorter femur of the female. But in view of what has already been
proved, and in light of the results gi?én in Table 4., the angle can in f
no sense be said £o vary directly with the sex. In his work on this
angle,LUSCHKA from his measurements formulated the conclusion that the

female_angle was actually greater than that of the male: HYRTL de-

{soribes the angle as being the same in both sexes: CHARPY in his

mea surements al att ages and in both sexes came to these conclusions:

"The angle in the young person is greater than in the adult: in the

adult it is the same for both sexes, on an average 127%: in the old
person the angle is the same_ as for the adult.” PARSONS in a recent
gseries of measurements of 300 bones, found the male angle as 126.5°
and the female angle as 125.50, and stateg as hig COnclusion, "that
the angle of the neck is of no value aé an indication of sex".

In the study of the ontogenetic changes. of this

angle there is universal proof that the divergence is greater in

young children than in the adult, and greater in the éoetus than in

the c¢hild. This change in the angle-bf the gfbwing bone,~- a decrease ﬁé
in degree concomitant with the inoreaSé in age,- 18 dependent on the

controlling/ : , - f;
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controliing influence oi the mechanical over the developmental Torces,
By pure development the whole neck tends to be ﬁore or less directly

vertical, or perhaps spiral: thus the open angle in the foetué, thus {
the open angle of the femur on which strain has never been put,e.g. ;
HUMPHRY'S measurments in early amputations, paralysis, etc. Reference 4
may also be made to skeletons 1 and 2 already described. On to ihis [
vertically directed neck there is transmitted through the head-of the !
femur a shearing force,acting vertically, which is»tending to proauce
an angle between the two components through which that vertical foxrce [
1s transmitted, and as & result of this there will be, not a bending %
of the osseous or cartilaginous tis:cwes of the neck of the femur, but

a difference in the plane of the epiphyseal cartilage of the head.

This epiphysis is horizontally placed in the foetal bone, and to assume
the adul£ obligque position,there is, as it were, a greater amount of
growth at the outer end than at the inner end of the plate.(l) (This i
point will be more fully dealt with later). |

- . Many authors also hold that there is a s8enile change,-
a further reduction of the adult angie. Againgt this change HUMPHRY
has written most conclusively, and on & series of measurements of
genile bones_bases the deduction,"that there is no:tendenoy for the

angle to collapse.in old people”. In cher words, the mechanical and !4

the developmental forces having acted up till the end of development

in/

1. There are authors who hold to the idea that the main factor
in the reduction of the angle is the pull of the ilio—psoas. :
muscle. It can only be at the most of minor importance,as is i
evident from those cases of amputation below the insertion of i
the muscle, where the angle is still founa large.(see Tubby, .
Orthop. Surg. Vol.l.p.260.) . ‘ I
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in producing a structure best suited for the individual organism,thexe
is, normally; no tendency for that structure tb change. Substantiating
Humphry's dictum there is the conclusion of CHARPY, "in the ola persm
the angle is the same as in the adult.” WARD writing on this supvosed
gsenile characteristic, éays; "This change (the decrease of the senile
’angle).is not so constant as CLOQUET and other anatomists Woula’seem
to represent them: for on examining the thigh bones of very old sub:
:Jectg in the dissecting room, I have found many entirely free from
the described peculiarilies, and indistinguishable, in reépeot to

form, from the femur of the well formed adult.” BELL who first drew

attention to the processes'of intergtitial absorption upon which
‘these progressive me£amorphosis depend, describes it not as & healthy
action natural to the senile period of life, but rather as an abnor:

:mal process incident to a debilitaéed or otherwise morbid condition
of the economy in‘partioular individuals. (The subject was considex:

;ed in dealing with the internal structure of the bone.)

For surgical purposes what is known as Alsberg's
angle, mugst be briefly described. The method of obtaining this
quantity 1s shown graphically in fig.20. as the angle between the
prolongations upwards éf the axis of the neck and.the base line of
the head. The average size of the angle as found by ALSBERG ig 410,
the variation extending from 25%°to 54° ( It should be noted that in
1885 HENLE had described the angle between the line of the base of
the head and the horizontal as measuring 40°.) In the present
geries, measufed with the oorreotéd bage line, the average angle
amounts to 42,50, the range of variation being from 26° to 540, a

variation/
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variation whiéh i8 not correlated to the variation of the angle of
inclination. The practical importance of this angle 18 saia to lie in
the changes Whiuq are produced in it in the conditiong of coxa valga
and coxa vara, for while in the former condition the angle increases
in size in the latter it decreases or may even become a minus figure,
the normal proximal convergence of the angle lines being then replacea
by a divergence. It’musﬁ be evident, however, that the angle of in-

£
~:clination need not be altered to produce a change in the size of

ALSBERG'S angle. ' _ ’
- The following classifications of the angle of inclination

. , : |
have been made for surgical purposes:-

TUBBY, Normal - 125°- 128°.

C.Vara - below 125°,
C.Valga- above 128C,
MICKULICZ . o o
Normal - 1257~ 126".
Frequently - 120% 133°,
Exceptionally - 118°- 140°.

The following then are the conclusions ariived at in

“regard to the angle of the neck:-
| 1. The angle varies at any given age.
5. It is influenced by the breadth of the pelvis or the

length of the femur, =80 that there ig no sexual variation, i

5. Tt decreases during the period of growth but after

growth is completed there 1is no change.




135,

If the limb is not subjeote\d to mechanical function
from an early period the angle remainsg open.
The changes in the individual angle are dependent on

the growth of the neck at the epiphyseal plate.
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necessitate a limitation as wide as - 27° to 65° ,yet two-thirds of
all bones may be placeda between 4° and 200°.

As regards the causation of torsion, if one were to
be led by CRUVIELHIER in his defined 'Law of Torgion', the twisted
appearance of a bone,e.g.the fibula, would be taken to indicate that
an actual torsion of the osseous fibres had determined the result,
whereag the twisted appearance of the fibula is to be regardea as no
more than a mere modelling of the external surface ag a regult of
mugcular atiachment. For a complete appreciation of ﬁoréion,however,
as expresgsed by the differénces in the planes of the axes of the
articular extremities, in the presqnf_instanoe the torsion of the
femur, a study must be made of the torsion as it is found at the
various periods of life, and of those pathological conditions in
which, in this respeét, the femur has deviated from the normal. For
the former study extensive .reference has been made to the work or
Le Damany, certainly the most complete and detailed on this subject.

Table 7 details the amount of torsion at different

ages. The method described by PARSONS (J.A.P.Vol.49) was used in the

author's measursements.

TABLE 7. .
Le Damany. Walmsley.
Rt. Left. . Rt. Left.
' 0. 0. 0. . 0.
Foetus .3+ Mths. -4, -3, - o n
" g " 20 ° 20 Cee e
" 6 " 7 to 22| 10to 30 e R
" 8 " 43 to 50| 50 to &b 40 42 .
" 9 " 30 36 44 40
Child 1 year B4. B3 B2 56
! 2 years. 42 20 to 42. 30 28
1 4 years 30 b5 32 e
Y ST e e 28 25
. oLg 32 28 20
. 19 ' 9 to 24 24 e e
_ 1e ! .o .. 26. 16 28
Note/
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Note:- | have been unable to verify with any aegree of ao uraoy the
results obtained by uii DAEiINY for the younger foeti, on ao ount of
the mobility of the cartilaginous epiphysis on the osseous uiaphysis,
no methoa of fixation hazing been founa which coula be reliea on to
represent the true conaition at those early perioas. It is perfectly
obvious, however, that at early perioas the torsion is absent or

only small in amount.
The torsion of the femur is thus a prohuct?of intra-

uterine life , being absent at the beginning of the fourth month but

heveloping to a maximum of about 407by the ena of the ninth month.

A fter birth, as is seen in the previous Table, there is a reverse
process, a aetorsion, so that the adult torsion is really persistent
partial non-aetorsion of an earlier condition. That this detorsion
is due to the adaptation of the femur for mechanical function in the
erect position with the posterior position of the line of gravity
of the body as is shown by LE DAMANY is undoubtedly true, for there
is the valuable evidence of those states in which from pathological
causes the femur is no longer mechanically normal. As has been in;
;dicated in a previous section there may be deviation of the femur
in either of two directions,for, the mechanical adaptation may be
expressed excessively or it may fa il expres ion altogether. As an
example of the former state rachitis is pre-eminent, and here there

is not only a complete detorsion of the foetal condition,but,as a

Fig.68.
To show the over-detorsion of the rachitic femur. i'here was a
certain amount of coxa vara in this specimen.
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a rule, an over-detorsion, so that the axis of the proximal extremity
is from that of the distal extremity iﬁclined backwards (fig.5%.)
The average angle of 10 rachitic femora I measured was found to be 8?
a specimen as high as -35° being the maximum, but other writers have
recorded an even higher average and & maximum as great as -52°. In
one specimen of osteomalacia which I have examined the backward in:
:clination was excescive, amounting to 60°. It is well to note that
even in the most advanced over—detorsion of the femur, the leg is not
car:ied in the position of internal rotation. As regards‘the other
condition, where there is failure of t?b expression of the mechanical
adaptation, the best example obtains inwhat is termed "congenital
dislocation of the hip". For, whatever may'be the individual author's
view of the etiology of this condition, there is universal agreement
that the neck of the femur is markedly anteverted,and remains so0; and
among those who detail the actual size of the angle there is & wniform
;ity of the given figure as from 45%to 55°. This is eXactly the size
of the_angle a£ the 9th.month of foetal 1life as obtained by LE DAMANY
and by the writer, so that no longer should this excessive ante-ver:
-gibon of the femoral neck be considered as a secondary prodﬁot of the
dislooation,'&s is at present held, but must be desoribedvas the ex-
:pres~ion of the non-reaction of the femur to the normal mechanical
requirenbnts.

The detorsion of the femur occurs,therefore,in rela:
-tion to the transmission of body weight through the bone in the ex:

:tended position, and may be viewed as the assumption of a new rela:

:tion/
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‘relation to the proximal epiphysis to the diaphysis auring the growth
of the'neok of the bone. The change must be due to the unerual growth
at the epiphyseal plate, and.as such 18 indicated in the aault bone
by the convexity forwards of the neck. The detorsion will not only
allow of the conversion of the foetal flexion into the extension of
the post-infantile period and thus bring the lower end of the femur
more into the line'of body gravity, but will also allow of the change
of the foetal position of internal rotation to the éubsequent position
in which the. leg is tumed slightly outwards. We would thusg uphold
LE DAMANY'S contention that the foetal torsion is the direct result

of the position of flexioﬁ into whidh the foetal limb is thrown.




2. THE AXIS OF THE HEAD.

It has been shown in treating of the angle of
the neck of the femur that the axis of the neck has an inclination to
the vertical which varies ac.ording to the breadth of the pelvis, and

that the axis is more obligue in the broad than in the nariow pelvis.

The cause of the variation of the oblisuity of the femoral'neck has

" been inaicated as the assooiétion of the constancy of the angle of the

" neck with the differences in the inoliﬁétion of the shaft necessitated
by the differenoés in the length of the femoral neck. OWEN in his
congideration of the limb skeleton of the gorilla remarks, "the neck
(femoral) in the gorilla is less oblioue than in the human subject™:
and CRUVIELHIER has pointed out that in the human subject the obli~:
:uity is greater in the female than in the male. As a point of prac:
:tical importance it may be noted that the line of the axis of the

i femoral ﬁeck of the human subject may be determined as the bateral

; pdrt of the line joining the base of the great trochanter and the mid

i joint of the finterspinous line', _ 4

The obliguity of the femoral neck in the human

subject ig such that when the axes of the necks are prolonged inwards

. they intersect at a point far back on the anterofposterior pelvic

. diameter;/

“"_‘ﬁgé“‘“ S
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aiameter; but as the pelvis nan ows this intersection occurs, nearer
to the inter-acetabular line, (tigs, 54.55, ana 56.) This means'that
thei6 is in pelves of aiffaring inaioes a dif.t'’erenoe of the inclination'
of the axes of the femoral necks to the lines of weight transmission
from the sacro-iliac joints to the acetabula, and this difference is
such that the broader the pelvis the more nearly in one line w ill the
axis of the neok and the cotylo-sacral line be placea. Depenaing on
this difference is the varying inclination of the axis of the head of

the femur to the axis of the neck.

Fig.54 (a).
Human Pelvis.

Pig,54.(b).
The above pelvis
has been drawn to
scale & shows the
point of intersec;
;tion of the axes
of the femoral necks.
Angle at A-39°,
(average of eight
specimens;KRAUSE
found it 41°.)
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Pig.55.(a).

Pelvis of G orilla.

‘Jvrovyv.

m’ivjlof-
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Fig.55.(b).
The pelvis of the gorilla
has been drawn to the same
scale as fig. 54, and
shows the point of inter;
;section of the axes of
the femoral necks.
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Fig.56.(a),
Pelvis of Tigress

Pig.56.(b).
The pelvis of the tigress has been drawn to"the same scale as
figs .54 and 55 and shows the inclination and intersection of the
axes of the femoral necks.

The morphological axis of the head is the line
perpendicular to the centre point of the base line of the head,and as
such w ill be directed upwards,inwards,and slightly backwards.(vide,

'base line of head').
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In fig.51. it is ShOWn‘that iﬁﬁthe human subject this axis ol the
head 1s in the perpendicular pléne,ipclinea to the axis ol the neck
at an angle orf 5° (avézage figﬁre,) ana Table 8 shows the incresseu

8ize of the same angle in a geries of animals with relatively narrow

pelves.
TABLE 8.
Pelvic inaex. Angle of head.
0
Human. M. 95. (aver.) 4.4 ..(1)
Tigress., 134. 18.
Puma . 151 24.
Ass, 134, 2.
Deer. 158. 22.

=

(1). There is considerable variation in the size of this
angle; figures on the minus side even being founu.
The angle given aims at representing the mean.
| This aifference in the oblicuity of this axis
o the heada relative to the axis of the neck is a responsge to the
mechanical resuirements: for the heada of the femur, as a pres. ure
or weight transmitting epiphysis, will be placed in the pesition
best adaptea for "taking" the weight from the acetabulum,ana so»its
axis will tenda to lie more or les.. in the sacro-acetabular line.
Thus in lower animals the axis of the head is, relatively to the
axis of the neck, mguh more vertical than in the human'sﬁbject, and
the epiphyseal sartilage is aimost horizontally placea. In the u
foetus of the human subject the same condaition is founa, so that in
ad.ition to the large angle of inclination, the axis of the heau is
directed almost vertically upwards. Till the end of the first

year there is little alteration of the femur in these respects,anu

the/
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the epiphyseal cartilage will be rouna horizontal in position e en
as late as the thiru year. Alter this periou,however, the caztil:
‘age vomes more and more to ocoupy an oblisue position,so that belore
its Udlnal absorption it slopes cownwaras and inwarcs at an angle oif
at least 400g1) A8 causative of this change there has been inaicat: ﬁ
:ea the greater growth at the outer end of the epiphyseal cartilage,
ana a8 a direct result of the change in position there are two altex:
rations in the form of the femur. Firstly,there is the progressi. e

decrease in the angle of inclination of the neck and seconualy there

is the change in the position of the axis of the head. The hesa, |
transmitting the same force as belore, becomes “tilted over" to the %
oblique adult posgition, so that at that peridd of” life, 10 to 14

years, while the cartilage is in the adult otli-uity yet still car:
:tilaginous, there is the greatest tendency to the cvourence of the ‘g
condition of "traumatic slipped epiphysis".

That ”Slipped epiphysis" does occur from purely

traumatic causes is now universally aamitteu, with singular agreement?i
as to the age of greatest freuency, the only differences of opinion
being as to the relative freiuenéy of ococurence compared with frac;. L
:ture of the neck. It is interesting to note that JOHN BELL, (Edain).

1798, Anat.of Bones,Muscles,and Joints,makes this remark:"...falls It

separate the head of the femur in young people, but break the neck Y
of the bone of those advanced in years.” WHITMAN says the condi:
:tion is not very common, but the greatest number of cases occur

between/ 4 L

(1). In rig.51. if 'Alsberg's angle' is 420, and the inclinationig
of the axis of the shaft 5%, then the igclination of the 5
cartilage to the horizontal would be 43. ‘]
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between the ages of 10 anu 14 years. HOFFA mentions exautly gimilan
~Tacts ana rigures. SPRENGFL aescribes the uonuition a8 more Ire-
:duent, but agein as most fre. uent between the 10th., ana 15th.years;
The morphological axis of the heada,then, is not a
continvation of the axis of the neck, but is placea more vertically
even in the acdult human subject. Its orientation is 8o aepenueunt
on mechanical causes that throughout the mammalian series it is
placed, in the aault, in the sacro-acetabular weight transmission
line. In the human subject it is at éarly periocas almost vertical,
and aciulres its adult obliﬁuity by an uneiual growth at the €¢piphy:

:8eal cartilage of the head.

The axis of the head thus considered is in rela:

:tion to one aspect only of its function,- that of "weight reception| .

and as guch was termed "the morphological axis". In its function
of movement however the head will possess axes of its planes of move:
:ment ,and that of flexion is not coincident with that of structure,
as is assumed in the "ball ana socket" theory of rotatory movement.
In a destructive though erroneous criticism of the
view of SIR CHARLES BELL in regara to the neck of thée f'emur being
estentially é static structure the exponents of the "ball and socket”
theory have, for themselves, aeclaed the.funotional causation of the
neck, We <uote freely from MORRIS. The first fact of importance
in the causation of the neck is in order that angular movements of
the shaft (fé2xion)will be converted into rotatory movements of the
head: diagrammatically this "movement conversion" view 1ig expresé;

:ed in fig.b7. Purely forward angular movement of the shaflt with

a/
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a 'straight-set' head (4) woula wetermine an angular motion of the
heau, 8o that emoral Llexion to one-half woulu be coinciuent with a
aigplacement to one-half of the head of the lTemur from the acetabulum.

(B). If the heada is set at right angles to the shaft by means oi &

Pig.87.

neck(C) purely angular movement of the shaft is said to be reprowucea

a8 pure rotation of the head about the axis of the neck and thus ob:
/in flexion

;viate diminution of articular surface contact/in the absence of ais:

:placement of the head from the acetabulum. ‘In the actually occur-

:ing conoitions, however, the angle of the neck is not one of 90° but

approximates 125°, representea as in (D) or (E) and the writers

cleim to have shown that the movement of the head within the acetabulum

i8 one of rotation round its coronal axis,which is coincident with a
prolongation of the axis of the neck. In this however there 18 ob:

:vious/
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obvious fallacy; for there has been & total aisregaru ou these tacts:
that the axis oi the neck is noti%he same vertical plane as the
trangverse axis or the shait (torsion of the femur): that the mo-e:
;ment of Llexion may not be purely vertical: that the plane of the
vertical movement of the shaft is not parallel to the base of the
heac: 1in aa ition it will be shown that the heaa of the femur is not
uniformly circular, nor is the acetabulum truly spherical: All thess
are factors which inaiviaually woulu preclude a true rotation of the
head of the femur rounda the axis aescribea ana all inoiviaually woula
cause a alisplacement of the heau of the femur from the acetabulum in
flexion if it occupiea that cavity in extension, or vice versa: lor
there is the fallacy of the assumptioﬂ\that the shaft is moving rouna
some fixed point, variously placed on the great trochanter, when it
is so obvious that .there can be no fixation of the femur at all apart
from the reception of its head in the acetabulur Yawity. The axes

of movement of the head must only be determined from its curvation.
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3. THE CURVATURE OF THE HE.D .NL THE .XES OF CLRV.TURE.

It is a recvognised fact thet the heau of the auuit
human femur is not abgsolutely spherical. MACALISTER mentions.the
‘aifference ol lmm, between the reuii of circles representing coroval
and horizontal sectioné, and somewhat similer results weré'obtaineu
by AEBY, SCHMIDT, KRAUSE ana others. All agree on the ir.egularity
of the curvaeture or the heau. KRAUSE after a most minute examinetion
suprorts the conclusion of AEBY that 'the head is not sverywhere ot
the same curvature, but is most closely described as an otliue pole
segment of a rotation ellipsoid.” The figures given by SCHMIDT anu
by AEBY are as follows:

Radius of ant.-post.section ...... M.27 mms.

F.24.5 mns
Radius of vertical section ...... M.26 mms,
F.23 mms.

GOODSIR in describing the curvature of the head says,"if the outline
of the transverse and antero-posterior dlameters of the head of the
femur be followed by the eye against the light, it will be observea
that they axre not'aros of a circle." MEYER e&lso maintsineda that the
head Waé not a true sphere, telieving that the body weight in the
erect posgture falling on the supero-posterior area of the heaa woulu
. cause that area to tecome fletter, while dn the inferior surrace &
strip will te aepressed by the presg-ure of the ligamentum teres.
HYRTL also upholds the departure from the true sphere, ror he states
Jif the head of the femur be called a sphere this expression cani.ot
be teken literally; it is not a sphere but an ellipse of three curva:
-tures of different radii." Each of these authors emphasises in

his/
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his own way that the departure oif the hess from the sphere will in-
:fluence the working of the joint. FILCK in alscussing this subject
calls atiention, though not exactly with cause, to the uisaegrecment o:
previgus workers even as to the greztest or the smaliest measurement,
and holus that any irregularity which is present is rectitieu by the
articular cartilage, and is therefore of absolutely no moment in the
mechanism of the Jjoint. As already indiuateu,howeQer,the shape of
the articular surfaces of the Jjoint is the ultimate determinaint oi

its mechanism.

In obtaining the various curvetures giveh'below
various means were tried, but the most satisfaotory results, thoss
which were finally adopted, represent\irauings of actual gections or
the bone at the degireu level. In all cases the heaa of the femux
in as fresh a condition a8 possible was usea, so that the articular
cartilage was present in as near the normal form as it wasg possible to
ottain it.

Even at the risk of a subsevuent repetition it
will be ﬁeoessary to indicete in.this place the orientation of the

head of the femur within the acetabulum, especially in the erect
pogsition. In the act of walking or in the adoption of the most com;
are more approximatea than are the toes, 80 that the femora are in &
, position of slight external rotation. When this rotation is trans-
:lated to the superior extremity of the bone, it will be found that
together with the torsion alreadyvpresent, the necks of the femora
are made to point as much forwards as inwards. 2o that in defining

the/
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the curvature along which the head of the bone is acting, care must be

Pig. 58. Pig.59.
Photograph of an antero-post.plane Photograph of a coronal
at right angles to the plane of plane at right angles to
movement of the head,and through the the former,and through the
highest point of the teres fossa. mid le of the teres fossa.
AC.
TWwo»
<O
>25'6 W
w .
Pig.60. Pig.61.
Tracing of an anter-postreetion in Tracing of a coronalsection
a plane at right angles to the plane at right angles to the for:
of movement of the head,and through :mer,and through the mi&dle
the highest point of the teres fossa, of the teres fossa,(Adult
(adult male.) male,same as fig .36.)

taken to make the section in the appropriate plane,which is not at
right angles to the morphological axis of the heaa ana parallel to

the/
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the articular margin, but inclinée to the axis at. about,on an average,
42~ A aesoription of the plane of each section is ana it w ill be
unaerstooa that though only one such section may be figurea this is
merely the representation of a series of similar sections.

These two sections (figs .60 ana 61,) demonstrate that
the heaa of the femur is not truly spherical, sections in aifferent
planes having aifferent radii of curvature. Now not only aoes the sec;
,tion of an antero-posterior plane aifi'er in its raaius from that of a
coronal plane, but what is really important is that what Is aescribea
as the circles of these sections (IIIS,():Ein each case maae up of two arcs of
aifferent raaii, and the change of curvature takes place at the fossa
for the ligamentum teres. That is evident from the photographs shown,

and is demonstrated in figs .62 ana 63.

Fig.62 Fig,63
Tracings of sections passing through the centre of the heaa so as to
bisect the postero-superior ana antero-inferior quadrants,the bone
being orientated in the erect position.

From a large series of sections made in different
planes it was determined that the arc of greatest curvature is that of

the/



168

the supero-posterior part of the heaa, while the arc of smallest
raaius was that portion of the heaa of the femur below ana anterior to

the fossa for the ligamentum teres.

The next series of sections were maae parallel to
the base line of the heaa at \rarying aistanoes from it, so that trac;
lings were obtainea of the whole circumference of the heaa at right

angles to its morphological axis (figs.64.ana 65.)

Fig.64.
Tracings of sections parallel to the base line of the heaa at right
angles to the axis of the heaa:A,as far meaial as po& ible: B, an
intermeaiate section: C, through the plane of greatest curvature.
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Oi%fwwir, ,
’ Alrvvwior,

Fig.66.
Tracings of sections as above, but as near the base line
as pos ible, that is beyona the greatest curvature.

From these sections aa.itional evihence of the

non-sphericity of the heaa of the femur is obtained,and an analysis

of the incidence of the differences of curvature demonstrates that the

arc of the head, of largest radius is the poster-superior quadrant, am

the smallest curvature is antero-inferiorly, from the medial plane as

far lateralwards as the plane of greatest curvature. Lateral to this

plane,however, that is beyond the plane of greatest curvature, the

shape of the head undergoes a change, for now the arc of greatest cur:

:vature is exactly where before it was least,antero-inferiorly.

Lastly, sections of the head were made in the

plane of movement. (fig .66.) These show in a more marked degree

a departure from the spherical, whose incidence corresponds exactly

with that previously demonstrated.
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Fig.66.
Tracings of sections through the plane of movement.

Before the head of the femur is considerably
ossified, we have found it impossible to determine with ac uracy its
exact curvature. In the foetus ‘and up tilr the period at which the
child begins to walk the head of the femur appears to be spherical,
(fig .67.) but subseiuent to this period it was found that there was
a gradual flattening out of the supero-posterior luadrant,increasing

the curvature of that arc. (fig .68). This flattening out depends

Fig.67 Fig.68.
Proximal end of femur at birth. Section of the head of the
femur at 5 years,in the plane
of movement.
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aepenus on the reception ol the transmitteu bouy weight,the incicen.e
of which at these early perious of life,owing to the 1arge.angle oL

inclinstion anu the vertical virection of the axis of the heau, is on
the surtace immeuiately lateral to the teres fossa. With the aecrsase

of the angle of the neck ana the increasing obli-uity of the axis of

the heaa, there ocours that lateral expsnsion of the superior articular |

surface ag already describeu: and this further area undergoes flattew:
:ing of its arc of curvature from the new incidence oi the btoay weight.
The original flattened area, now being directeu towarus the‘pole or
the sphere, aoes not vndergo a further relative increase of its raaius
of curvature, and 8o the difrerenoes of curveture in the plane of mo.e:
;ment are less marked towardas the pole of the sphere than towardas the
plane of maximum radius. We have been unable to determine any flat-
:tening on the inferior articular suriace beyona the teres fossa,as
gugrested by MEYER. |

A minute comparison with the curvature of the hezu
in Jjuadrupeds has not been attempted, tut the curvature in the gorillsa
afiords an interesting comparison with the curvature in man. In the
gorilla the supero-anterior area of the heaa'is digstinctly flatteneu,
so that its arc of curvature is 4mms. longer in its radius tham that

pf other parts of the head.(AEBY). This difference of the incidence

Filg.69. '
Pole view of the head of the femur of the gorilla.(after AEBRY.).
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inclaenve of flattened zrez is o aoubt uue to the uifierence ol the
incidence of the rouy weight on the flexeu femora of this species.

Trom the uifferent sections aescribed,from the
reference made to its ontogeny, and from & comparison with the cuz:
:vature in the gorilla, it hag been resclvea, that the heaa of the
femur is not spherical in the adult humen subject: that it shoulu'be
considered as the compound of difterent areas, or acting facets, that
of largest radius being supero-posterior and the smallest antero-in:
:ferioxr: anda that the differences of curvature of these areas are'oi
such a magnitude as will determine that separate incidence of action
which is necessary in an organisea articular couple. A definition
of the separate "areas of action can oniy be foundec on an ac¢ urete
knowledge of the relatiohship which the heaa of the femur bears to thﬁ;
acetabulum in all positions of the Jjoint, so that the incidence of
the areas of congrulty of the opposing articular surfaces anaqihe
position of the limb in which the congruity occurs may be known.

We propdse,however, to recognise that the head of the femur is not
spherical: that its greatest curvature 1s postero—sgperiorly; that
this‘ourvaturé decreases gradually and in a uniform manner when
traced anteriorly or posteriorly, and reaches 1ts minimum in the i

antero-interior ~uvadrant.

In deternining the geometric form to

which the head of the fermr most ClOsely attains, it is necessary

to orientate the peripheraj Curvatures on their axes, The

principle axis of the head is the line from the Centre of the

base line through the centre of mean curvature of its planes
9

and raced in a niedial direction indicates the apicaj DOl e,
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This axis does not coinCide with the norphological axi

the head hut has a horizontal incliination fron it: it the -

e
=
2]

axis of the roverents of fjexion and extension and deteri:iines

the apex of the head in the region of the anterior angie of the
teres fossa. (fip. 7C.) Revolving round this axis is a radius
of Oohstant]w var ying dirension maxiral in the postero-superior
guadrant and minimal antero-inferioriyv, since sections 2t right
angles to the avis were not spher iCal and simiiarly extensive

arcs of the surface measured frori the poie of planes through the

axis were mo*t identical in curvature. 'the heaé is not therefore

.
~

Qwvimor

F‘ig- 71.

a poie segment of a rotational ellipsoid. We beleive that it

is rost €10sely desCcribed as the compound of two erlivpses on a
common axis which in direction is at right angles to the line of
the teres fossa ligamentous attaChrent! and that the twoareas,
thus separated, constitute the acting facets of the head of the
femur.(fig. 71.) T®ven this descripfion, however, is Only approx:
timate, but it expresses the increase of curvature of each arc

towards the vole in Sections of rianes through the principle
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axis, an¢ distinguishes the Change Of curvature of the surfaces in

seCctions at righ® angies to that axis,
4¢ THZ POSTTION OF TH= ACZTABULUM.

The poOsition of the acetabulum must be
determined in relation to two factors: first in relation tothe
weight transmission of the body, ConCerned in which are -the
mechanics of the pejvis and the riode of the furfher fransmission
of the bhody weight to the structural axis of the head of the feraw:
and second, a position relative to the rowements of the head as
determined by the rejation of its aiﬁs of curvatwe to the axes
of movenent Of the head of the fermw. The latter voint is includad
in the consideration of its cwvature,

The pelvis as a weight transnitting structure! As
already indicated in dealing with the length of the neck of the

fenmr, the position of the acetabulum var ies according to the relat:

. , (1)
tive preadth of the velvis: so th=t in a broad velvis
\
\
\
\
\
\
\
\
\
\
\
N
N
. \
. 0 Glalolnlum,
Q’IM. /// .
4
/7
/
V/
Tig, 72,

Compar ison of the peives of the ass and the deer,

1. Corpare figs. 43, 44, and 7.

.
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the inter-sCcetabhuiar line is pliaCed rore posterioriy than in a
narrov: pelvis, assoCiated vith which there is a greater divergenCe
of the vejvic lines of welght nronagation. These facts Jcad to the
definition of the statics 0f the wnelvis in the erect mnosition:
that the non-weight bear ing, though s+*rain resisting, anterior
parts depend for thelir Conformation on the veight Wansmitting

(1) .
pos ter ior parts. Taling fic. 73 as representing tvo imaginery

Loyl Jubee [ \\\ \
\ A
\\ /// \c‘.
A 2t

Ric, 73,
g X
o shovw the effect of the arount of divergence of the
weigh* transmission lines on the conformation of the
anter ior parts of the pelvis.
pelves, a wide A ~ B and a narrow A - C, then owing to the
difference of divergence of the weirh*® transmitting lines there

will be a difference in the inclination £0 the vertical of the

other corponent of that vertival force of which A - Bor A - C

forms the actual transmission line, and the niore ver‘tical the one

Cormponent the rore horizontal wiil that otha component e, but

le For the mechanics of the pelv is referenCe may be rade to
WOCD,8 article on the pelvis in TCDD,5 Ancyl. of Anat,

| vhere, though not stated, the infcrencCe here drawn

"’ receives 1113 sunvort,




the angie betvesn the tro Commonents should rerain a. éléns tant,
Thus a harrow peivis recuires o 10ng post-aCetabular as-domoared
viith the pre-aCetabuiar nart of +the antero-nogter ior dismeter
and as the peivis broadens, the further baclk will the Wansverse
disrietar Dbe piacecd. Cn Taknle 9 resuits on this point are
given for the lian subject: and fig. 74 (drawn to scale)
represents graphically that the differences of position of the
peivi® statiC iincs are Coincident wit™ theveriation of the

acetabul sy nosition.

TABLE 9
Ant.-posts |Fost.acet, Fre-aCet.| Trans., ndexq
CliS e ClrBe CLiSe Cris.

Meaa 9.6 3¢9 | 87 10.7 90,
Meoe 11.8 5e8 6. 11.7 1CC.
Meos 1C.3 5e4 4e9 iC.8 95,
Mo.o 9|9 5. @.9 3004: 950
Fooo 11.8 5.8 60 13. ) 910
F.to 12. 6.4 '7"6 12.1; 96.
Faoo il. 5.8 5.2 11.5 95,
Feoo | 1244 | 6.3 641 1341 94,

Bxplanabion: The various neaswelients of this table aare taken

Cormparison

exaCctly as 1ald down in the explanation of table 2,

Rige 74

of huren ¢ and g velves.

o ae.

[T T T T,
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The position of the =acetabulur on the pe3§7ic vall is this
definite, and being defined by the relative wreadth of Mhe
pelvis sexual differences are to be expected in the aduit hmran
subjeCt., Tts axis, in this sense, is the continuation of the
sacro-acetabular 1iﬁe in which jine the morpho}ogica.l axis of th
the head of the fenﬁr lies, and it may be determnined as the
line at right angles to thev centre of the weight transmitting

area, the supero-pOsierioar quadrant.

5« THE CURVATURE CF TH® ACETABULUM. '

~

To' ottain the curvature of the articular
ac etabu],umv section tl"?C ings viere analvsed. _T_t is only
necessary to indicate those sections at right angles te its
axis, fig.75, to tO-den"uons{:r‘ate that the continuous cuve
is not spheric ale Agaln if sections are made through the
axis it may be determined that the ar"'cs are not piaced on
spher ica],. lines, but would lie on an elliptical boundary,
the inCrease of curvature taking piace towards the acetabular
fossa. The articular acetabulum we would hold to be.the
Converse in form of the femoral head, the swface being
divisible into two areas nost ¢losely describéd as elliptical in

cCurvature,




. F‘ig. 754
Sections at right angles to the axis of the acetabulum
showing the non-sphericity of the articular swface,

163,
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THE MECHANISM OF THw HIP JOINT,

The osseous elements of the hip Jjoint are not
developed to the same extent, the acetabulum being deficient:
and the incoumplete portions are replaced by yielding and‘
movable structuwres. This restriction is possible since the
who}le Of both surfaces is not essential for the development Of
their action, and is referable tO the prinCiple of economy of
organic structure. The articular surfaces have been shown to be
not c¢ontinuous Cwrves but to be Coripounded of separabie areas,
and the curvatures of oprosing areas have been described identical,
so that their reciprocal configuration will determine the
poverents of the boOnes relative %0 one another within the joint.
Cf each surfaée we have indicated that it is possible to
differentiate two areas of facets, one posterc-superiorly and
the other antero-inferiorty, and the corresponding opposing
surfaces being related oniy to one another in action the Combin:
‘ation constitutes an articular Couple: so that what may be
determined of the rovements Of one facet will be referabie
conversly to its <COmplenent. ‘ |

| By the study of the relations of plaster casts of
its surfaces and by observation of sections of the compiete
joint during their movements, it may be determined that the
pos tero-superior articular cCouple is in action during the riovements
of flexion and extension from the mid position,vand that during

this excursion of movement the antero~infer ior Couple is
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inactive since its surfaces are not in contaCt, that is are
inCongruous. KCONIG has conclusively demonst’ated the inCongruity
by sectioné of the frozen jointiand the finding of thiclk 1éyers
of synovia between the surfascess Beyond the rid position -
of the 1iub the postero-superior area Of the femoral head passes
on to the yielding transverse ligament and the antero-infer fom
Pacet Comes into action on the COmplemental area of the acetabulur.
e shall confine ourselives to the study of the movementis of
the former area. | _ |

The. 1ines'along which the head of the femur
acts-round 1ts princip1e axis may be represented, in relation
}tova circie placed externally, by that series of curves whiCh
were shovn to represent its sectional circunfererce. (fig.76 A,)
The movement of extenéion, or the anterior revolutlon Of the
head, is therefore alohg é curve gradually decreasing in
radius, so that when the antero-infer ior quadrant is reached
the continuation of the curve is in COmplétion of a right-winding
épiral: (fig.76 Ba): or in the reverse mov ement of flexion
from the exténded position there is a sirple unwinding along
the same path,- a right-winding spiral in the right joint.
LANGER, HENKE, and MEISSNER have each shown that the joint
surfaces of the elbow and the an¥le are of screw Configuration
while GCODSIR has described the knee and has indicated the
hip as écting through similarly conformed surfaces,. The

demonstration of the actusal curves of action of the head of
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‘the femnr may be carried out in thev mnner elaborated by
LANGER for the upper surface of the astraguluse. A steel point
is made to project sufficiently bevond the acetabulum to
produce markings on the femoral head when the limb is moved

through flexion and extension from the mid position, and the

-
b PYRSR g
-~
|
§ .
-

F‘ig. 760

The lines of curvature along which the head Of the
. fermmr nmay be supposed to acte.

curves sO obtained are Combined with one another so that the
pr O0longed line represents the configuration of the whole
surface. The result of such an eXperiﬁent iS'representéd

in £ig. 77, and substantiates the conclusion "that the head

of the fermr rotates along a right winding screw curve in

extension of the right joint."

During their action the elements of the
Couple will therefore glide past one another in two directions

so that the actual] movement observed or recorded is the
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(1)
resul tant of tvo CoupOnent movements« The more extended is the

primary movement and determines the lengths of the facets: the
other is the secondaryv niovement and deteriines their breadths.
The resultant or achual movement as ajreadv indicated ocCurs
al ternately in opposite directions along the same path, but
in one direction to the establishment Of the maxirum of

congruity which is total , in the other direction to the

Wig. 77 e

Tracings on the head of the right ferwmr in the movement
of extension obtained by a steel projection from the
acetabulum at right angies to the axis of curvature.
The antero-inferior ends of the tracings show & sudden
inCrease of Curvature coincident with and representing
the external rotation of the femur (MEYER'S retation)
at the Close Of extension. Qmitting this local increase

the other parts of the cwves form the thread of a right
winding screw.

minimm? and between the completion of these rovernients there

will be a succession of extents of Congruence which will be

e Tt is shown by actual experiment that it is impossible toO
Consider a pure rotation as the sole mo eintent of the head:
for then the paths of movement vould have been Concentric
circles round the polar extremity of the main axiss
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deternmined by thé successive adaptations of the opprosing
surfaces 4in both longitudinal and fransv erse curvatures.
The geometric equisngular svirajfis the eurve which fulfiils
the condition of successive adaptations of the oppos$ing
swfaces, that is a cwve the angies of whose.cordinates are equal
at any distance from its apex and whose parts subtended by the
same pOiar angle, however different their lengths, are
‘geometrically similar but greater or swmaller as the Curve advhhees
away fror or towards the apexe The opposing suriaces thus
‘generated woukd be the Convex and concave elements of a
eonical screw combinatioﬁ. -

The elevients of such, if both are Construc ted
of even Couparatively unyielding rater ials, do not coincide,
and consequently do not afford any serviciblie result, till they
have been screwed hoie: but when screwed home the elements are
Coincident and fixed. TIn sCrewing and unscrewing such a
combination there is one general direction by which tae
movements rmust be guided,- a rotation of one or the other, or of
both in opposite directions, in the axis of the Coubination:
the primary movement is movement alo‘ng'the tiread of an‘
équiangular serew and the secondary movement is aCross the thread
and will be on a path of similar characteristics. Tn virtue
of the combination of these 1o emen ts a pdint on the superior
surface of the head passes upwards, forwards, and inwards, so
that there is an advancellent of the whole head within the

acetabulum in the movement of extension. TLastly, in order %o
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maintain the succession of surface adaptations, so that there
will be no sudden loss of stability in unscrewing the
Combination, the axes of the elements rmst from their
coincidence in the Jocked position diverge from one another ,
and this occurs in the secondary rotatory moverents of
the femur.

The movements within the hip joiht are not,
therefore, novements of revolution, but in pass ing from a
position of semi-fiexion t0 one of full extension the
novenent Of the head of the feuur is one of rotatory gliding
over the opposite area of the aCetabunldme. Tnis movement is
continued til1 the opposing surfaces ConcCerned in the
weight fransmission have beCome Completely Congruent: that is
the postero-superior area of the head of the femur is serewed
- on to and fits exactly the iliac and the superior ischial
‘areas of the acetabulum -To reach this position the axis of
movernent gone thro{lgh by the head of the femur has been one
- with a direction inwards, forwards, and upwards, the whole
head having advanced along this axis so0 that the inter trochan?
teric measurerent is , on an aver'age,' «8 Cus. iess in  the
' e‘xtended position when compéred with that of the position of
semi-flexion. The fermr is now fully loCked home in the full
congruity of its surfaces and in the'tigh"c;ening of its
¢heCking mec hanism, the ilio-ferpral ligament: and any
attempt at further extension would lead tO the activity of

two opposing factors,

l. The breaking, in the direction of its
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‘estab) ishment, of the Congruity of two opposing
surfaces and an attermpt to make a smajler female
element receive the continued advancement of a
larger male element, because of the Continued
action of the tightening mechanism: and |
2. the impossibility of any greater extension of the
tightening mechanism, the action of which has
reached its maximun in a direction which tends toO
lock the joint at the mouent Of full extension, the head
of the femr hé.‘ring been farced as far as possible
within the grasp of the acetabulum.

Hyioer-exténsion xirould thus not Only cause a ruptz{re of the

iljio-femoral ligaments but in addition the head of the femr

would have to screw itself out of the joint, thé thread of

which screw would be in an opposite direction to that by which it

was joCked hone.

| The same type of'me.chanis‘m occurs in the action

- 61’ the anterior artiCular coupie? so that _

TH®E MECHANISM,OF THE HTP JCOINT IN THQ FULL RANGE

QF ITS MOVEMENT IS TN THE ALTERNATE ACTTON OF

- TWO CONTCAL SCREW COMBINATTONS: BUT TN THE

ORDINARY MOVEMENTS %3 FAR AS SEMT-FLEXION THE

POSTERTOR CCUPLE ALONE TS IN FUNCTION, BEING

CONCERNED IN THE WEIGHT TRANSMTSSTON OF THE BODY.
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