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.Man's foot is all his own.
It is unlike any other foot. .
It 1s the most distinctly human
part-of the whole of his anatom-
ical make-up. _It is a human
specialisation and,’ whether he.
be proud of it or not, it is

his hall-mark, and so long as
Man has beeri Man and so long

as he remains Man it is by his
feet he' will be known from all:
other members of the animal. '
kingdom.

-

ford ) . . N
— F. Wood Jones, 1944
i .The foot is an impdftant

link between a person and the

earth. o -
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A. - INTRODUCTION o I e

The ankle jOlnt was class;cally descrlbed

/

. as a hlnge or glnglym01d varlety\of synov1a1 ]Olntn .

~« The term glnglymus“ had an anblent “origin. It was

L !

first used to describe a hlnge=type of jolnt‘in the
works of early Gréek writers * Hlppocrates (460-361 B.C.)
seemed to be the flrst to use the term in this context

- in De Locms 1n Homlnlbus.r Later Aristotle .(384-322 B. C )

also mentloned the word in De Anlma. Galen (130~ 1210 A.D. )
used glnglymus as one of hlS three-part cla351flcat10n

. of jOlntS in the preface to Liber de 0331bus iﬂ Tlrones.

There was no mention of the‘word "glnglymus"‘ln Latln
. T
before the twelfth century. It was however used as

a Latln word by Vesallus (1514- 1564 Al D ) in the classi-

_flcatloh of 30lnts\1n his work De Humahl Corporls Fabrlca

J(l$42)., This type ofrdegcrlptlon was continued by - ) -

rfmanyvsubsequentrauthors shoh‘ae Gibson (169?}, |

'Harrison (1840), Gray (1858)., Morris (1879), Holden
(1885) , and Gunningham (1893). | |

) . Y
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By. thelr deflnltlon, these early authors

were comparlng the jOlnt to .a mechanlcal hlnge which

2 - R
would therefore have a flxed axis and would allow .

v

movement in only one plane. In Hunter s Lectures of

' Anatomx (1752) the followrng descrlptlon of the, aﬁkle

jOlnt was found: "... where the parts of the Bone -

mutually recelve and are recelv'd thlS klnd of

)

Artlculatlon only admlts of Flex1on and Exten31on.".'

This 1nferred a true and accurate mechanlcal hlnge

o

which therefore allowed movementrln only one plane.:‘

'Indeed, Morris (1879 called 1t "a perfectaglnglymus

or Hinge—joint.?~ Harrlson (1840) went even further
\

‘and ‘Stated that the ankle jOlnt was "the most perfect

_glnglym01d jOlnt in the body, exceptlng that between '

.
o

. the ulna and humerus...

This classical descrlptlon has subsequently

_.been restated in innumerable t tbooks and monographs
. wrltten in thrs-century agd selectlon of a few “ﬁ“
) _edltlons of major textbooks 1llustrates thls fact
-'for example.. Cunnlngham (1902), Morrls (1946), Testut

Aand ?atarjet,(1948), Bonnlu’J1950), Paturet &1951), i:

. Grant (1952), Howorth (1952), Treves (1952), Stelndler i

S

(1955), Turek (1959), Brunnst om (1962), Thorek (1962),

T




1is peé%ury,-however, 3% e authors
. ] .

'”\ true mechanical. h1n e waizfncprrect Plersol (1936)

' ™~
wr&te that although the ankle was a hlnge ]Olnt 1t
,.was not A “pure" one but dlffereﬁlfrom a mechanlcal

hlnge.' No‘further ex 1anat10n _was glven. ' The views .

L

I\

were the same, but they explalned the "hlnge" as havrng
; a varlable ax1s.‘ . :, & | ’

DI o """ '
T ;o o -Prlor to the twentleth century, dogumented

#

experlmental conflrmatlon of an aﬁﬁs of the ankle jOlnt

v

' Seemed to be 1ack1ng All that exlsted were statementS‘
- LY
Cin’ textbooks and mpnographs It remains. p0551ble,n'

» ) \ &l
: however, that these descrlptlons of. e joxnt and lt//

axis could have been based upon unrecorded experlments

7’, kA

In the early part of this century several
‘verg detalled studles of the ankle region were made
"kby Sewell (1904 1905 1906, 1907) and. Inkster (1927)

Many measurements of the talus were accumulatedfby

»

these 1nvest1gators, and comparlsons were even- drawn
s ‘ o
between the«tail”of dlfferent races. . In spﬂte of
’ f
’such volumlnous data, lt 1s remarkable that they made

e '-l . [N

no measurements of the axis around whlch the talus moved'

’ l o ‘
* - . , . . . "l

_of Barnett,- DaV1es an% MacConalll (1961) ayd Last (1972)




determlne ‘the axis of - thefankle jomnt appear e . ‘

the llterature (Barnett -and Napler 1952)

+ Ea

m’ B

:“g “A Fecullar SLtuatlon therefore exists, 51nce

"ta review of the llterature must. take lnto account

. N .,

not only views expressed 1n recent artlcles but also

©. +. those in textbooks because it is- p0551b1e that the e g
e A LexXTthooKs

()<\; Llatter could have been based upon unrecorded . PR

'experlments.- It 1s also 1mportant to rev1éﬁ textbook

-

raccounts slnce these give a very clear lndlcatlon of
r : .

e varylng OplﬁthS that exist among anatomlsts and

Surgeons regarding the position of the ankle.joint -
' i _ ' _

- [

axis. = - - - _ ~

T om ha

I . . 4
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B.  REVIEW OF .Mgm&rum: : o

v

A review of opinions set out in standard

textbooks presents certain dTEE lties. FEach book

usually has a history of several editions, and.

sometimes these are quite numerous. Review of each
= R .
edition of every textbook aoes’not‘seém practical.

\

——

Indeed, ’1t is not necessarlly“a useful exercise since

~

“ ™~

a clear 1nd1cat10n ‘of the various oplnlons concerning

the ankle joint axis can be obtalned by random selection

[

of editions. Two standard textbooks (Gnay 2 Anatomy 'g

and Cunningham s Textbook of Anatomy) have in fact beeh

traced throughout all their ed;tions. On the other hand,
a review-of journal literature written on experimental °
determination of the axis presents no such problems. '

, Among those authors who descrlbed an ankle :

- ~

joint ax1s, some d;d not glve a suff1c1ently prec1se
account to allow-complete understanding of its exact .
p051t10n and the resulting plane of .ankle movement.
Hamllton (1956), for example, descrlbed the axis as
merely passing “through the body of the talus“, and

- Hollinshead (1958) referred only to a "mediolateral"” _

axis. Treves (1952) stated only that the axis was™ °°

located "approximately % inch above the tip of the .inner
| .

N,
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majleolus", but he made“no mention of its location

the lateral side.

Other authors trled to be more exact their

descrlptlons of the axis. of motlon in the ankle joint
falling; into two categorles, some descrlblng a 51ngle
i

axis while others a variable axis. .Even among those

writers who. considered a singie axis, some believed it

to be tréEsverse and-others'oblique. The direction of
_the obliquity itself has also been the subject of
vary;ng oplnlons. It has been descr;bed as lylng

in elther +the horlzontal or the Vertlcal plane.

- v

1. Descrlptlons of a Single AXlS.

S a) Transverse Axls Lylng in Coronal Plane

Although Gray himself and several subsequent
editors made no ﬁentiqh of the axis rn the early editions
of his textbook,_the thirteen%h\edition (1893) finally
referred to a 51ngle axis which "may be 1nd1cated by a
transverse llne drawn across the front of the lower
leg, about half an inch above the level of the tip.of_
the internal maileolus.“. Bonnin '(1950) attempted a
similar degree of accuracy by stating that the

2 . o ] : :
‘transverse axis of movement‘"runs from below the centre .
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of the medial malleolus. through the sinus tarsi dn

the outer side, lying in front of the anterior margin .
of\the fibuiar;?. Another account was given by Lapidus . w/_"
(1963) who described the transverse axis as pa551ng

under the tip of the medial malleolus,- cr0351ng the e

‘tip of the lateral malleolus and running from side\_~_

- R .- N
to side in the frontal plane." Other authors c1t1ng\
g =

a transverse axis were not’ as exact. ‘ Plersol (1936)
wrote only of a “transverse axis", making no mentign - ?QQ
of its relatlon to the malleoli. \hﬁirls (1946) an !

K;elger (1956) stated only that the transverse axis.
passed through the body of the talus while Brunnstrom
(i962)_maintained'that the transverse axis passed

through the trochlea of the talus. --

bl

b) Transverse Axis Lying Obllque to Coronal
Plane .

Some authors wrote of an obliquely transverse

axis of movement. The obliquiti was always described T
as passing from the anteromedial to the posterolateral

aspects of tne ankle. Cunningham (1893) appeared to be
\. i ] - ; -

the first anétomist to fefer to such a position, stating

that "this horizontal axis passes through or near
the interosseeds canal- between the os calcis [calcaneus]

and estragalus Etalus].ﬁ" He described its obliquity as




\

'outward pointing of tHe toes.

-

\" | _8— | ‘ o . ) \

belng "dlrected outwards and backwagds", maklng an

,‘\

angle of approxlmately sixty egrees w1th
plane of-the bOin -Cunnlngham (1902) rgferred to an

/ . - ..
obllquely transverse axis" df the ankKle joint,aand

-

added that the obllqulty was 1nd1cat d by the natural

Alth‘ gh prev1ously

: descrlblng the ankle joint’ ax;s as being only transverse.

{Gray, 1893), Gray s textbook of 1918 ascrlbed an - f'
obllqulty to this FXlS Stelndler (1935 and 1955) ;
descrlbed the obllqulty of the axis in relatlon to o

the patella, statlng that the ax1s was obllque and,

was not in the froﬁéal plane when the patella was . ax/

facing directly orward: Pernkopf'(l943) wrote of]a,
slightly oblidue axis, nearly in the frontal'plane,
runnlng from the tip of the fibular malleolus to.a

. point ]ust\under the/tlp of the medial malleolu§

An oblique, nearly transverse axls passing through the
center of curvature of the pulley of the talus Qas
reported by Testut pnd Letarjet (1948). ‘These ij}hors;

together with Paturet (1951) and Rouviére-(lQG?

described this type. of Oblqulty as pa551ng from 1n51de »

ocut and from before backwards. In addlfio , Paturet

observed that the p051t10n of the axis resulted in
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a

was tw nty five to ‘thirty degrees outwards from the

sagittal plane.

~— -

Vertically Oblique Axis in Coronal Plane

o

c}

L

%}ﬁ% A 51n le, vertlcally obllgue axis of motion .at
the ankle jOlnt was advocated h& Wilson and Cochrane
(1928) They belleved that the axis was- dlrected
downwards and medlally so that the foot would point -
.laterally when plantar flexed

da) Vertically and Transversely'Oblique Axis.

Isman and~Inman (1969) described-experimEntsﬁ?

) -
", tqQ determine the ax13 of the ankle jOlnt Their experiments

i
were performed on cadaver materlal with capsular and

1lgamentous structures removed. They observed the
- lateral and med1a1 aspects of the talus under cross
"hairs durlng|51mulated rotation of the'talus against.

the tibiofibg&i:vmortice. Poin& of minimal motion

-

~J . o

were therefore Mlocated on each s5 of the talus.
The axis of rotatlon of[tﬁixankle jOlnt was then found

by passing a rod through the talus to connect the
la-eﬁal and medlal p01nts of minimal motion. These
periments showed the.ankle joint axis to be vertically

] N r o
ey A
[ A

-
©
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-oblique, making an angle of approximately eighty -
degrees with the long axis of the tibia. They also
found a certaln amounfﬂef transverse obllqulty They

-destribed thlS in reference to a llne wﬂ%ch they

called the.mldllne of the foot which passed through

the third toe. They found that the axis made an angle .

of eighty-four degrees w1th the reference llne on

the medlal alde. . " ' : | C \

)

-10- . S
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2. Deseriptions of & Variable Bxis: EAN
1
o : Barnett and. Napler (1952) e the first o
1nvest1gators to dlscuss a'v rfEBI;/ﬂels of movement T

-

They based their studies on the circles formed by tﬁe
completien of the arcs of the lateral and medial ‘
prof;;es of the talus. They found that ‘the lateral
profile was the are;of a true eircle but that the medial
profile was part of an elipse;-they thereforelconcluded'

~

that “the medial side had two centers while the lateral

side had one. They thap determined ‘the axis by jOlnlng
the centers on the medlal and laterg& 51des. Two axes ;
of movement were descrlbed- a downwards and 1aterally
1nc11ned "dor51flex1on axis" and a downwards and

medlaIly 1nc11ned "plantar- flex1on axis." Hicks (1953)

alsofagreed with Barnett and Napler s description of

tmo axes and attempted méasurements to correlate the

ankle JOlnt axas .with anatomlcal landmarks. He statedl
that the dor51f1exlon axis ran from a p01nt 1.5 cm |
qanterlor to theitlp of- the medlal malleolus to a point ~§ . l
0.5 cm’ 1nfer10r to the. tip of the iateral malleolus, |
the plantar flexlon axis ran from- a pmlnt 1.5 cm anterlor-‘
and 1 c¢m inferior to the tip o ‘the medral malleolus . ‘ '
"to a point 0.5 cm superior to the tip of the lateral T :

r ' . . ! ) ) 4 o
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" _taneous centers of rotatior occur from the time motion -
i

o

© oy ' B v . i
PP
Y

malleolus. In spite of the apparent prec131on of
these:figeref it should be noted that these experlments,
were crudelg performed on undlssected cadaver ankles. S

Barnett; Davies and MacConalll (1961) agreed with

the dee\\r

ful whether an

tion of two axes and added. that "it is doubt-

joints have a stationary transverse

axis, evén the sbdb-called pure hinge‘joints."- Wyller - -*

- {1963}, Wright, Desai and Henderson {1964), Frazer

f1965).and'Last'(1972 agreed with Barnett and Napler s

account of two varlable axes of movement and referred

extensmvely to it in their own works.

S £US1ng c1neradlograph1c studies on ankles of
normal pa

1ents, Sammarco, Burstein and Frankel (1973)

arrived at dlfferent conclus1ons. They stated th

"it is apparent that there\does not exist a single = -

or even double axis of rotatlon for the normal ankle \\\\

joint motlon as suggested by prev1ous authors. 1In

‘the normal welght bearlng ankle, a series of instan-

)

is begun in plantartf;ex'

limit .of dorsiflexion." They also att@bpted to show

“

that the basic pattern of motion in the ;ankle was the

seme in non-weight bearing as in weight bearing.

[

to its termination at the P

i
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C. AIM OF THE PRESENT STUDY - e K

A review of the llterature reveals=two
1mportant p01nts. The flrst p01nt concerns the
w1dely dlverglng views existing in textbooks and
-monographs regarding the position and stability of
the ankle joint axis. Those works contalnlng references
usually refer to other textbooks since artlcles on : '
the subject have appeared oniz}recently Thls has

)
""resulted not only in _diverging oplnlons but often 1n

.

actual Eonfu31on. A good example of this confu51on
is seen in Buchanan's textbook of anatomy (1949)

. . i . .
‘and in Wood Jones's monograph on the foot (1949).

' Buchanan stated that the ankle joint'axis passed'

almost dlrectly below the mld-p01nt of . the flbular

malleolus and nearly 001nc1d1ng in level with the tip

-of the _tibial malle lus." Wood Jones reversed the . ) -
statement in his book by writing the "mid-point,of . J - .
the tibial malleolus Eéh nearly level with the-tién v _

}
of the fibular malleolusf"

)
.‘

to note that Wood Jones edlted this edition of

It is espec1ally 1nterest1ng

\Fuchanan‘S'textbookl Since.bo:# of these works are . L ' )
"standard" anatomy texts writt by reputable anatomlsts,
it is understandable hOW/bOth ver51ons could be npequoted

in subseqguent works. L.



: _114“ . ‘
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_ The second polnt 1s that few artlcles 1nves—

tlgatlng the ankle joint axis. haVe appeared in the

11terature, and all of these were wrltten within the
3y

past twenty years. Some of the experlments upon

.

. which these artlcles were based were very inaccurate.

1

A.good example was the work of Hicks (1953). This
lnvestlgator 51mp1y 1nserted needles 1nto the bones on

elther 51de of undlssected cadaver ankles and then

plantar flexed -and dor51flexed the ankles. After R

locatlng the needle whlch did not move on elther side,

he connected them w1th a' rod and assumed ‘this to represent

the axis qf movement. “When pPiercing the bone, however,

skln, fasc1a, tendons, capsule and llgaments also had

to be transflxed This’ obv1ously affected needle movement

’ and,,hence, hlS results. It 1s also “somewhat doubtful

whether undlssected cadaver ‘ankles can be plantar flexed
4 _
or dorsiflexed to any useful degree 31nce the-calf

muscles undergo rlgor mortls shortly after death, and .

- the ankle becomes flxed .if the cadaver is embalmed and

2

‘ '

most cannot: even be moved 1nto the plantar grade p051t10n.';'

\ =

Wlth\these thoughts 1n mlnd the present study .

attempts to define the arkle ]Olnt axis by experlments

, préserved, the ankles are USually found flxed in equinus; . 3

[ ) '. )‘




on embalmed and freshly amputated ankles.
N

‘"ihlgh speed c1nematography durlng thelr full range of H
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These are
e
dlssected SO that only the capsule and llgaments of

the ankle 301nts remadin, Movement therefore depends

only upon the shape of _the artlcular surfaces and ‘the

' capsule and llgaments of the joints. Markers are

then placed om the bones and the ankles are fllmed byt

n

: -

experlments recorded in recent llterature clearly
statlng the drawbacks of each method (Barnett and
Napler, 1952; Isman and Inman, 1969) ' The present

study therefore determines the position of the ankle

_joint axis by several methods, each of which is

~

. checked against therothers In® thlS way ‘conclusions

will be reached which it is hoped will clarify the

present plcture of the: ankle ]01nt axls
. ﬁ;:;
. '-_‘;..r('-

ﬂ'-aa-\-l___-u-"-.:! . '

e e, ST
L

Y

. movement. The study also evaluates some of the -g o

R T
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Aaspects £ flfteen cadaver ankles during slmulated'

oA L.
) u . o 1 . - .

PART II . ...;’l . -”" ' " ﬂ

MATERIALS AND METHODS
o ‘
.In the present study of t.he fﬂkle jOJ.nt-

e

_axls two methods of analy51s were employed The .

‘ fLr t of these was a-dxn ¢ method inVolving

Obse vation of cadaver ankles durlng 51mulated

movement ‘The.secong method was a static 052) A
' 1]

1nvolv1ng geometrlcal analy515'o§ tall._

1
L3N

The prlnciggl_methodﬁused‘ﬁgfdetermine

. whether br not a fixed axis ex1stad was a dxn ic

one invo v1ng observat;on of the lateral and medlal

movement ‘The principle undetlying this method'wasd'

based uppn the fact that any “point loeated'aiong

el

a fixed faxis remained statlcnary durlng plantar‘;

andrdor51flex10n while any surroundlng p01nt altered

lt,was determlned 1f a statlonary p01nt exlsted on

e

thé lateral and med1a1 suffaces of:each talus.

Statlonary polnts so "found were then conffrmed and

documented by c&nematography.. Aullne7301n1ng the

- T

/, -

+

.125 p051t10n. _With the aid of a dlssectmng mlcroscope

1
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'_'oﬂ\“gvement. If a statlonary point was. not located \l

‘could n

/ .
- said to exist.

. T : =17~
- ¢ ‘ .
B : '} ; . : _
lateral and medial ax1s p01nts represented the axis

" on one ?; both 51des of a talhs a 51ngle flxed axis

be.postulated and a varlable axis was

“

L cl
A static method of geometricai:analysis

’

of tali was flrst used: to determlne the ankle jOlnt
- ¢, . *‘_/_\‘-u— B

- axis by Barnett and Napler 1n 1952." Their determinations’

of'the ankle“jo' t.axls.were,based solely upon static

geometr;cal ana

ysis of tali and not upon any dynamic
{

'oint‘

studl s of the In splte of this and other
A

-

drawbacks their Work had a greaﬁxlmpact upon subsequent

opinions'of the ankle jOlnt axls In the present e

study twenty tall were’ carefully analyzed geometrlcally

C;

in order to clarlfy the drawbacks of Barnett and

o

Napier's work By this method a clearer plcture of

the geometracal'propertleé of talrfwas achleyed and

a refined statlc method of analy51s was evolvedlq, - SR

’ 1

? Wltﬁ‘tgls clarlfled plcture of the geometrlcal

'propertles of tall in mind, the flfteen ankles used

in the dynamlc study of the ankle jOlnt axis were

-
L

"then dlsartlculated.g Thelr tall, together w1th thelr B T

..d

tlbloflbular mortlces, were analyzed by the refined

. g
§ : ' LC
., - ) -
} :‘_.a;_* ”
1 »
" 4 L _,—L/ .
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gia 1c method. It was then possidfle to Fompare = .
LR N — . o -
o . - . ¥ ¢
the reéults obtalned by this method of geometrlcal R
analysms with the results obtalned from the dzn ' »{;

-method and to determlne whether or not the resul;s
. )
6% these two methodsvggzhc1ded W1th each other. 1In

those cases where the dynamlc method showed that

a varlable/a/is ex1sted the reflned_statlc method el
. N - ';
was used to détermine the” cause for such variability.’ i
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A, DYNAMIC METHOD OF ESTIMATION OF THE ANKLE

JOINT AXIS AND CONFIRMATION BY CINEMATOGRAPHY
AND RADIOGRAPHY

Foﬁrteen embalmed legs and one freshly

amputated leg;were used to determine whether or not

]

fixed lateral and medial axis p01nts of the ankle

joint exlsted durlng movement Such a study would

indicate whether the ankle jOlnt ‘had a fixed or.

' 'f/;arlable axis. Cinematography was used to confirm

o

and document the results,
7 . Legs amputated just below the knee joint
;ere used and all skin around each- ankle was removed
50 thet—nb skin bridges remained to restrict movement.
On the medial‘side the fﬁexor.retnnaculum was removed,
and the tendonsfoftibialis posterior, flexor digitorum
longus and flexor halluci longus were sectioned The
tendons of peroneus . longus and peroneus brevis on ‘the
1aferal side of each ankle were cut, and the superlor

A

and lnferlor peroneal retlnacula were removed// Behlnd

‘the ankle the tendo calcaneus was sectlone just pfox—

!

imal to the tlbloflbular mqrtlce. Flng;' , the superlor

I

.and inferior extensog retinacula m/;H’the tendons of

tlblalls anterlor,'extensor dlgltorum longus, extensor

" hallucis longus and peroneus tertius were removed in
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- thick plexlglass , - e
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order. to expose the anterior capsule. .The removal

of skln, fasc1a and tendons therefore resulted in a

freely mobile ankle whose movements were limited only

by the joint capsule, the llgaments and the artlcular

' surfaces themselvés.

'The dissected leg was’lald on a hlnged

L- shaped platform. The larger 11mb of the platform

was made ffbm a sturdy one and one~ha1f inch thlck

wooden board from which a small oval- plece had been
removed Ko accommodate the heel (flg. 1). It was |
equipped w1th three clamps for securlng ‘the leg.

The smaller llmb was constructed frOm one—half 1nch

//

e

e

- With the larger llmb of the platform placed

firmly on a table the/three clamps were securely

7

. fastened around the leg._ In all cases the leg was

adjusted so that its anterior border was horizontal.

The‘smaller limb of thé platform was then raised

)

to- the. Vertlcal p051t10n so that the sole of the foot

was ln full contact w1th 1t and was therefore in the

.plantar grade pOSltan (fig. 2). With the foot in .

s

thlS position the subtalar joint was 1mmoblllzed by

1nsert1ng a two inch screw obllquely through the neck

of the talus and into the calcaneus. This was easily

‘o ot
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Fig..1l.

us

Hinged L-shaped platform
used.in dynamic method.
The larger limb of the
platform is equipped
with' three clamps for

' securing the leg.

Fig. 2, ~

l‘.‘--

Hinged L—éhaped plégform

with leg secured’ by

» clamps. L

e .

-
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-
N achieved‘by inserting the Segew downwards and
posteriorl¥ at an angle of approximately forty- -l
five deé:ees to the long axis of the tibia. .Antero—
posterior and.lateral"x—rays of the ankle were éggn taken
to check the‘SCrew placement kfig;‘B a and b). This.
procedure ensured' that movement occurrlng during
EUbsequent manlpulatlons was restrlcted to the
ankle1301nt{ Hav1ng prevented unwanted movements

at the subtalar joint "the smaller limb of the
platform was then-dlscarded by remov1ng the bolts
from the hinges. | . "

With the three clamps attached securely
around the leg, the lateral aspect of the ankle was
examlned. The;three_gadlatlng bands of the lateral
ligament.yere carefully exposed. The capsule between
the anterior talofihula; ligament and the 'calcaneo-
fibulat ligament wag removed so that part of the
lateral surface of .the talus“oonld be observed
between these bands. In some JQEtances a very small
sliver of the calcaneoflbular llgament was removed
S0 that more of the lﬁteral surface of the talus was
vieible. While the ankle was manually plantar flexed

wand dorsxflexed the small exposed part of the -

lateral surface of the talus was observed through

‘ / '. . o
7 . i B j ‘ . ,
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Fig. 3a. Anteroposterior X-ray, of.
‘ankle showing screw iﬁserted
through the subtalar joint.

e . : A .

' . - . ]
. P4

~/ P&g. 3bL Lateral X-ray of ankle

showing screw inserted
through tii/subtalar_joint.
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) “

a dissecting,microscoper(fig. 4) . Care was taken
- : ?

both to ensure continuous contqgg/bétweén'thé

artlculatlng surfaces of the 301nt during movement

:ﬁﬂand to avoid forcing the joint at the extremes of

. -~ plantar and dorsiflexion. By this method it was

3

possible' to estimate whether or not a point of no
] (N °

movement existed on 'the lateral surface of the talus.

n . . 3 [2)

If such a point was found it could be assumed to be

Ly ey g

the ceﬁtéfuabbﬁt which rotation of the talus occurred

during pian;ar and dorsiflexion."A.stfaight_piﬁ

T AT R

with a‘bLaék"head of 0.069 inch in diameter was then

T

YT

inserted into this point on the talus.

The same procedure was employed to estimate

A .

‘whether or not a point of no movement existed on the -
.' . % ' ' .

@ medial side of the talus. In this case, however, ]

a section of the deltoid ligament was removed in

" order to expose-part of the medial surface of ‘the - /
L S :

ek ikt Pasl acisain

‘talus. . This was observed through a dissecting
microséope during plantar and dorSiflexiqn,'and i1f° L

a point of no movemeng was found it too was marked

.

b4

with a black-headed straight pin. C o

b Lt e e

In ankles where fixed lateral and medial

—_——

axls p01nts had been found thelr p051t10ns were

7

recorded by filming the exposed latjﬁaliand medial
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pissectipg migroscope‘ﬁéédff
in dynamic méthod to estimate
position of axis points. -
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aspects of the talus durlng movement A l6 mm negative

fllm was used at 51xty nlne frames per second. In

order Eo conflrm that the ax15.901nts were 1ndeed h

|=1'
U
g

fixed it was necessary tO‘have some stationary

reference p01nt in the film.

malleoll were used as the”stationary references.

: e o P (I ' \
Skin and subcutaneous tissue were removed from the- -

b, - C

malleoli,'and‘fbur pins were inserted in a cross-
- Iike manner 1nto each malleolus to. act a stat

2 tosct o] seatjonecy

- e
reference points. A few pins were also inserted S

-

around the\talar axis pin in order.tO'give some

-

1nd1catlon of the vaement of the rest of the talus

' around its. fixed axis (flg. 5 and flg 6).

First, the lateral aspect of the ankle
was fllmed during two complete movements. the flrst
-movement being from full dor51flexlon to full plantar
flexion and the deond movement being from:fulls
;plantar flexion to full‘dorsiflexion. The range

~of - .movement was- noted Care was taken to keép

~ -

the artlcular surfaces of the talus and the tlbloflbular

mortlce in contlnuous contact with each other durlng .
. . - o “,
“movement and to prevent forcing of “the joint at- -

L oo |
- extremes of movement. a ruler, callbrated i vt

mllllmeters, Was lncluded in the fllmlng. The film~

-

The lateral and medial. . \.
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Fig. 5. Lateral aspect of dissected
. ankle showing positions of
. stationary'malleqlarhreference
o L pins (MRP) and talar pins
o : (TP). The calcaneofibular .-
ligament (cf) is clearly
vigible. ’

Fig. 6. - Medial aspect of dissected
‘ankle showing positions of
“ _ stationary malleolar , '
- . reference pins (MRP) angd
. : . talar pins (TP).
. . : . '~
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N

was_deveioped and every fortleth frame was enlarged
~and printed on 4x5 photographlc paper. The prlnted
" frames were numbered and arranged in order (fig; 7).

An accurate tracing of the four maileolar pins.and

the talar pins was made from the first enlarged

print Tfig.:B). This traoing)was then superimposed,
;n turn, on eaoh of the reﬁaining prints, the traced
" outlines of the four malleo}ar pins being"aconrately
~aligned with those in each photograph With these
statlonary reference p01nts accurately Superlmposed,
attention was’ then focussed on the talar plns. The
fixed axis point, marked by the first talar pin;
waS-confirmea only if it remained‘stationary.and in
a fixed relationship to‘the malleolar pina in all
the.prints. VThe surrounding_ta;ar‘pins'served the
useful purpose of_indioating surrounding talar

movement (fig. 9)-'

- The medial aspects of'thOSe ankles which

“had’ been estimated to have fixed axis points were

then filmed during the same two complete movements.

The articular sutfaces were carefully maintadined in
continuous contact with each other while care was

taken to prevent extremes of movement. The ranges

of plantar and dorsiflexion were again noted. The
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‘Figure




A

:

: ‘ Fig. 7. A series of printed
' - . frames of the lateral

: : ' aspeltof a right ankle

- | - ' during movement from full -

| ) '  dorsiflexion-(frame 1) to°
full plantar flexion
(frame 9). The 'stationary’
malleolar reference pins
(MRP) , talar pins (Tp)

. k,//j and- the calcaneofibular_‘
ligament (cf) are clearly
visible. Note that only

Plantar fle Proceeds,
a fourth pin gradually >
appears from under cover
of the lateral'malleolus.
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Fig. 8. Tracing of the four
- stationary malleolar
reference pins~(MRP)

and three talar-pins

(TP) shown in frame g\\ﬁ__—;frﬂfpéd.

1 of fig. 7.

g r Fig. 9. a supefimposition'of the .
) Pin tracings from frame 1
and frame 9 of fig." 7.

-~ Stationary pins are .

p indicated by black-filled
circles. Only the
stationary malleolar

hE . reference pins (MRP) ang
' the talar axisg pin‘lTAP):
_ remain Stationary and are
- - . therefore colored black.
oA The remaining .two talar
Pins from frame 1 are
indicated as solid circles

~+° . are indicateq ag dotteq -
circles. 7T+t is readily
-5een that during |
-movement from dorsiflexion.
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fllmlng, developlng, prlntln?, numberlng and trac1ngs
were performed as w1th the lateral 51de (fig. 10).

- The xra ing of the flrst prlnted frame was. superlmposed

on each’subsequent print, ‘and the- p051tlons of the - f , o ®

s i
I

four medial malleolar pins were accurately allgned. ‘ A} {.’.
The center-of rotation was determlned by locatlng - o 3{,}

the tJlar pin. Wth was in the same 9051t10n both |
in thé tracing and n the photographs (flg 11). . ‘ﬂ\g\

-

. | / - 'In ankles where fixed lateral and medial

axlst;I;;;—;ééé estlmated and later conflrmed by
clngmatog;aphy a hole was drllled through the talus
to connect these two 901nts. ThlS was made with
anfelectrlc drill which was fitted with a drlll p01nt
of 0.060 inch an diameter and whlch was mounted ‘on

i

a; vertical stand. A metal plate with a one and <

dneHhaIf inch splke was bolted to the base of - the
;tand so that the splké/was directly in line with
;the drlll.églnt.(flg..lga and_l2b}. The pin

/ marking the lateral axis“boiﬁt was,remcted,-and its

! point of entrance into'the talus was carefully - a-

" .
' placed directly on. the splke. The, pin marking the

1

med1a1 axis point was t#en removed, and the drlll -
was lowered until it contacted thlS point’ tflg. 13),

“$he e;ectrlc drill was ehgaged and was slowly lowered

- -
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| A series’ of p;lnted ff@mes

of the medidl aspect of

~a left ankle/during®

movement .from -full dorsi-
flexion (frame 1) to full
plantar flexion (frame 8).
The statlonary malleolar
reference pins (MRP),
talar pins (TP) and the.

"anterior fibers of_the

deltoid ligament (dl)
are clearly visible:

‘Note that the anterlor

portion of the 'deltoid .

“ligament (4l) is lax in

dorsiflexion (frame 1)..

As movement proceeds
towards plantar flexlon,
however the- ligament
becomes more taut (frame 8).
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Figure 1l
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Fig.

11.

~

il -

‘A supérimpositionfo in
tracings from fr 1) and
frame B of fig. 10.

Stationary pins are
indicated by black- fllled

~circles. Only the

stationary malleolar

- reference plnS (MRP) and’

the talar axis pin (TAP)
remain stationary and -

-are therefore celored

black. The remaining

_pins from frame 1 are .

indicated as splid
¢ircles while, those

~ from frame B8-are

indicated as dotted
circles. It is

‘readily seen that
during movement from

dorsiflexion to
plantar- flexion the - -
nonstationary talar '
pins-rotate clockwise
while only the talar
axis pin {(TAP) remains
stationary.
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Fig. 1l2a.

1Fig;.lﬂ§f’

Fig. 13,

—

- Electric drill mounted -on

vertical drill .stand with
a metal plate and spike
bolted to the base of the

stand. -

Eiectric drill is ldwered

'so that drill point
contacts spike.

.

Lateral axis point of the -
ankle is placed directly
on the spike and the .
drill is lowered until
the drill point contacts

"the medial axis point >

The drill is engaged and
a8 hole is drilleq
between the two axis

. points.
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movement occurred. The relatlonshlps of the 1ateral/\\\\\\;\\
p/ N |
and medial ax1s p01nts to the malleoll and the ligaments

so that a hole was drllled through the talus to
connéct the’ two axis p01nts.A A small rod of 0.058
inch in dlameter was passed through the hole, this

then represented the axis about whlch ankle

n

were noted,
As a final confirmation of a fixed‘axis,
the specimens were X-rayed in plantar and dorsiflexed;

positions. If the metal rod remained in the same

hp051t10n relative to the statlonary tlbla, this was

taken as flnal proof of a single fixed axls." ‘ | |'§!

Ankles where no fixed point of rotation

could be found were obv10usly not suited for this .

method of analy51s In such cases a varlable

axis was said. to ex1§t "and tHe cause for such a

Vs

changlng axis was determlned by the appllcatlon of the

statlc method of analy51s.

4

138
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. .
B. -REFINED STATIC METHOD OoF ESTIMATION OF THE .
ANKLE JOINT AXIS _ i I
Géometrical descriptions'ot the articular

surface of the talus have appeared both ;n anatomy

texts and in- journal literature. - ~Although Goodsir

(1868) stated that *no ]01nt surface was cyllndrlcal
.conical or spherical, subsequent authors dlsagreed
Bonnin (1950), for example, compared the upper articular
surface of the talus to a’ “quadrant of a cyllnder " |
" Steindler (1955) and Lapldus (1963) also described
the articular surface of the talus as cylindrica;.
Cunningham (1964) statedfthat'the'trochlea was "shapedi
like the upper part of a short cyllnder placed trans-
vers ly'ﬂd Hollinshead (1969) gave a 51m11ar account,
- wrltlng that the trochlea was "shaped somewhat llke' | " !
a short transversely placed segment of a rod M Such !
geometrlcal descrrptlons of the artlcular surface
. of the talus were—n\t however, based-upon actual
geometrical analyses. Barnett and Napler (1952) seemed
to be the flrst authors to base their descrlptlons

upon such analyses. In so doing, they studied cnly

the lateral and medial articular profiles of the talus.

It must be emphasized that the term "articular profiles™

»
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raferred torthe ;ateral and hedial E_EEE of the _EE__
surface of the trochlea. It is 1mportant that this
dlstlnctlon be made since 1t is the upper surface

of the trochlea whlch 1s 1n contlnuous contact

. w1th the 1nfer10r surface of the tlbloflbular mortlce
and which therefore controls ankle movement. Barnett
;ng Napler noted that in some’ 1nstances the completlon '
of tﬂe arcs of the lateral and medlal articular proflles
of a trochlea yvielded ldentlcal c1rcles They wrote .
that in such cases “the upper artlcular surface of

the talus may be sa{d to resemble part-of a cylinder..." :
- In order to understand the. prlnc1ples 1nvolved
in such a geometr1cal study it is necessary to flrst

. consider some general pr0pert1es of cyllnders

’

‘1. Theoretical ConSLderatlons of the Properties
of. Cylinders: '

A cylinder (fig. l4a) is'a'"solid whcse‘curVed_
‘bounding Surfacefis generated by the motion of a

straight line at a given angle-around two equal circles

—

in parallel planes" (Funk & Wagnalls, 1963). It is
clear that the two parallel bases are,equal in .area

and that if a section of the cylinder is made parallel

to a base, the cut surface is also of the same area
g ¥ A ) s b‘
(fig. 14b). . : -

[
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) Consrder a cyllnder with two parallel 01rcular
‘bases and an ax1s which passes through the center of
each base (flg. 15). Each pornt (P1, Py, P3, P4, P5, Pg)
.on the edges of the cyllndrlcal surface rotates around
* the| laxis at a fixed- radius {r). ‘

~ - ;f_the CA;inder is sectionedflongitudinally'

alono its axis (sz. iG),fit may stiil be considered
to rotate around e axis; each p01nt (P11, Py, P3,; Py,
Pe, P5) on the eddes of the cyllndrlcal surface wrll
contlnue to rotate aroun@-the axis at the sameyfixed
radius-(r)[“ |

If a longltudlnal section ¢f. the cyllnder 1s
" made parallel to the axis but not along it (flg. 17), the
' cyllnder may again be con51dered to rotate around its -~
original axis. Each pornt (P71, P2L P3, P4, P5, Pg) onﬁ
the edges of the cylrndrical surface uill'therefore
cqnt}nue‘to‘maintain its:original-diStancé kr) from
the axis. Looklng at thls in another way, the axis
of such a sectlon of a cyllnder can be determlned by

completing the arcs formed by the curved edges of the

two circular bases. The completion of the arcs yields !

-
~

two circles identical in size to the original cylinder
bases. , A line joining the centers of the two circles

. . ‘ )
. . | L ) )
I i - ‘ "\ ’ ™.

P
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so constructed reg;eQEnts the. daxis tfig; 18).

— Property 1 of cylinders} a

\t} | | - ' The axis®of any G;;;itudiﬂal -;‘ ";:

- ‘ section of a cylinder whose : %
ofigiha} basee_ﬁere eireular may E :
be detefmined-by completing the -f ': )
arcs of itS{curved“eages and

- ‘; jéining.the centers of the ‘circles

'so_fOrmeg.:;yﬁis'exis willﬁbe-found . ) 9

to be perpendieu;ar to both bases.

The above method, however, .can oﬁly_be used

accurately for determining the original axis of a.

section of - a cyllnder whose orlglnal bases were c1rcu1ar.

Con51der now a cyllndrlc i object such as that shown

- - '\f
in fig. 19. Base A is- c1rcular, but base B, which

has been cut ‘obliquely. to base A, does not present - - _
e'c1rcular edge (fig. 20). rThevexls clearly passee_ ’ o 4
only through the center of bése‘A: if'a;lonqitudiQai .
section oflsuch an'object is made (fi§ :21), theﬁexiSL'
p01nt of base A may be determined accordlnq to~ ill
Property l by completlng the arc of its curved edge.

Base B clearly d?es not.%end'itself to such determination.ﬂ
Y . | . ; -'. . ‘/,." -



Fig 19
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If, hbwevet, an .oblique wedge is reboved by cutting
. the cylindrical object parallei to base A (fig. 22),
.completlon of ‘the edge of the new surface Will give -
a c1rcle whose centem”éepresents the other axis point
(Property 1). It is clear that if a base is circular
Alt is perpendlcular to the axis, and if it is not -
circular it is not perpendicular to' the axie.
F Property‘2 of cylinders;:
| If upon examlnatlon of the
bases of a longltudlnal section of
a cyllnder, thé edge of a base
is -an arc of a circle, then completion
' ~of such an arc produces a circle whose
.. center is an axis'poiht. Such a base
w1ll be found to. be perpendlcular
"to the axis. If, on the other hand
the edge of a base 1svhet an arc‘
bof a circle, this base must, by
defihition, be Cblique.to the citcular
base and cannot be perpendlcular to
the ax15 o i Ve
: After 1nspect1ng the edges of the bases

and determlnlng whether or not they are parts of c1rc1es
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Property 1 or Property 2 of cylinders may then be

applied to determlne the axis points of the cyllnder.

From the foreg01ng conclu51ons it 15

.ev1dent that the only type of trochlea to which.

Property 1 of cylinders may be applied is the type
1llustrated in, flg. 23a. The cqmple on of its
edges will produce twovcircles ot\equa:lradii
(fig. 23b and ¢). This means that.the"bESesiare -
perpendicular to tﬁé axis.

If, on the’other hand. one'articular‘edoe

of a talus is not an arc of ‘a circle (flg.124a)‘ 1t \x\\\;\“ﬂ_“
follows (accordlng to Property 2 of cyllnders) that | -
this edge is obllque ‘to the circular base and is not-
perpendieuler‘to the'axis (fig 24b) The trochlea’

of such a talus, then, may be con51dered from the

point of v;ew of 1tsrartlcular.edges,_to be .a section

of a éylinder'witn'onevébiiqné base (as in fig. 19).

The oblique edge cannot be used to determlne the

axis of rotatlon unless a wedge is rem ved, as shown = ~

in figq. 24c. The new artlcular edge, ngw parallel
to the other base, ig7an’ arc o c1rcle whose cent

represents the axis p01nt (flg, 244) .

=

,
|

I

i . LY
‘ L

k)
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Illustration of a cylindrical trochlea with

o T :  circular and parallef basel.- _ -

T a

Fig. 23a. The medial and lateral

. E edges of the trochlea
! : g ' are parallel to each '
IR - other, being distancd:

'a' apart throughout/ -

their entire lengths.

fed

R AN

Fig. 23b.: The lateral edge is

' L an arc o a\gigcle
o o whose,center Is an

0 : axis point.

L4 C -
. - . \. \

" Fig., 23c. .  T7The medial edge is an
: arc of a circle of. the
- - Same radius; its .center
- - is also an axls p01nt

\ .

Slnce the lateral ang medlal edges afe both
'parallel to each other and c1rcular they are per-

pendlcular to the axis. Such a trochlea may thus

o, .. be callgd a cylindrical type of trochlea.

T

., . : "
. o W

}

-
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3
Illustration of a-cylindrical trochlea_ﬁith one
- noncircular oblique base. ' .
\
~—

Fig. 24a. The medlai edge of the
‘ trochlea is not an arc
" of a circle.

! \
v
s
- .. -F . E i “ . .' .. N {.r"'
. P - . : 5" : i .
' o S , o . ' “}yf{ ‘
Fig. 24b. b The medial edge is oblique
\ F " to the lateral edge and
N 2 . . : L~ varies in distance from it,
o - ‘ - belng.a greater distance
_ . o from it anteriorly ('b')’
. o _ than postenlorly ('a') .
L)
7
s “ 1
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= . Fig. 24c. . The obllqu1ty of the medial -

edge' is eliminated by A
removing a wedge .sb .that
new medial edge is

) L ﬁ; parallel to the lateral.

- (S
R '~ The two ‘edges are-now’ .
- ' e . distance  'a' apart from
. < each other. throughout
: their entire lengths.:
X - .
- \ -
1 q !
-—. ) ; s " tl : g
V Qe - b
o o
i ) . i a T - 1 =
&‘&A' ) R . . ) £ i £
i . - 3 . “\P . '.' ] PR . . ‘
-Fig. 244, i The new medial edge is :
. T now an, arc of a circle '
. . whosevcehter is an axis * .
: . LT p01nt“ . : _ -
- e . 4 - ’ ) -
~ . ’ “ A .
: _ .
! ’ i
. Z * i
a :_ - S § )
x " a
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A'but by a curved line'tfig :26).‘ lt would be ﬁore

: \

_and c1rcular edges (flg 25d; e and f) L S0 ey

-45-

i}

Slmllarly, if Bart of an artlcular edge is

Foe

not an arc of a c1rcle thlS pa rt must be obllque to -

) ' 7.-&

. the axis and cannot be used accurately in determlnlng B

Fn axis p01n£ (fig. 25a, b and c). The only accurate

" way of using the entire extent of the edgeshof such

4 l- rd

a trochlea would be to remove both lateral and medial

obllque sllces in such a way as to produce two parallel

f on ly the edges of the basesaof trochleae

are taken 1nto consrderatlon the conclu81on might be

: reached that trochleae could be descrlbed elther h

-

as sectlons of cyllnders (flg 23), as cyllnder sectlons'-.t

w1th(ﬁLnonc1rcular obllque base or bases (flg. 24) or'

_ as’ cyllnder sectlons w1th an obllque sectlon or sectlons

m1351ng posterlorly ( . .25). This, hOWever, 1s not entireiy

-

accurate. The trochlea of ta11 are not, in fact generated

~ o

by a stralght'llne,_whlch is characterlstlc of cyllnders,‘

[
1

4

_“\—pfe01se, therefore, to descrlbe each trochlea as a- sectlon'

v
ES(

' cyllnders can stlll be applled to & longltudlnal sectlon

n [

v

of a Eullex (flg. 27). Property 1, and Property 2 of - ;5~u

!

-of a pulley. The trochlea of the talus shown in f}g 23 e

,gcan now be more accur tely descrlbed as.a sectlon of

a pulley whose artlcu ar edges are parallel 'E'm

2N

~1
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Figure

P A

peenrete
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S Illust:héioh of a cylindrical trochlea with;ctiu}ar.\

4

and parallel baséé, but with oblique sections missing

pOSteriorly'from each edge. _

- T . ,'-_ . v

The medial and lateral
edges of the trochlea _

"are parallel to each other /o
throughout.only;gart of /o
: _— their lengths, being .

e oo o distance '3 apart for
this portion. Posteriorly
both edgés veer. towards: the
midline of the trochlea 'p'.

1 .

. Fig. 25b. '  Completion of- the arc: of the
Vo . ’ " lateral edgq_is_s%§ghtly
"inaccurate‘iﬁ determining

an axis point, '

1

Fig. 25¢. Completion of the arc of.
’ .-~ the medial edge is also
‘ L . ilnaccurate in- determining
U _ S an axis point. oy -
. . "
{ . )
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25d.

25e.

e
s
Fig.
‘I
' Fig.
_~ Fig.
o ,_1
e =¥

—————

25f .

The posterior oblique L
sections are eliminated

-by cuttlng each edge

in such a way that the
new medial and. lateral A
edges are parallel to Lo

- each other and. are the

same distance apart from o
each other throughout——— ‘& .
thelr entlre lengths. o

The new lateral edg@
is now an arc of a
c1rcle whoseé center
13 an ax1s p01nt

The new. me&ial edge is
an arc-of ‘a &ircle of '
the same radius whose

-center represéntsvan ‘o
axis. p01nt._
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The edges are arcs of c1rc1es and can therefore be used

to determlne the axis pornts (flg 28) .Astrochlea‘

1 v i

conformlng to tTose geometrlcal standards 1llustrated

. rln flg 23 w111 ‘now be called a cyllndrlcal Eulley—

'shaped trochlea w1th c1rcular and parallel bases

L

» I

a3

The trochlea of the talus shown in f1g 24 can be

more accurately descrlbed as a. sectlon of a pulley h

‘having one articular. edge obllque to the c1rcu1ar base

“and therefore not perpendlcular to the ax1s. AL
trochlea conformlhg to those geometrlcal standards shown

1n flg 24 will now, be called a gyllndrlcal pulley~

shaped trochlea w1th one non01rcu1ar obllque base.

T ey

Slmllarly, the trochlea of the talus shown in fig. 25+
\ AR
T ( . -
» may ‘be more accurately descrlbed as a sectlon of a
-

pulley havmng only part of 1ts artlcular edge§ parallel

i

m1551ng fromveach edge SO that these portlons of the

. :edg”S-ate Ho‘longer parallel to! each other and may not

. will now be called a cyllndrloal pulley shaped trochlea-

} -
therefore be used in geometrlcal anaIYSlS. A trochlea

conformlng to those standards*rllustratﬁ? in flg. 25 -

" with c1rcular and parallel bases, but. with obllque )

sectlons m1351ng posterlorly from.each edge. .' o

. [ . .
ro. . s 1
‘ .. -

1 . . . ." .
. . ) . , . LR . N

\to each other. Posterlorly there is an bllque sectlon s
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AfClose'(l964) reported a single cone—shaped artlcular

prlnc1ples lnvolved in such a geometracal study 1t

.two paralf%l but unequal circular. ends. _ . I

'(flg- 29) Accordlng to the deflnltlon of a cone, Cl

= . T-49- ‘

“Although Barnett and Napier (1952) found

some ta11 to resemble cyllnders, they descrlbed the
)

artlcular surface of.most tall as "consmstlng of two .o
N, - K o i

o

truncated cones "lying 51de by srde, pex to base..

surface w1th the apex of the truncated cone located

*

medlal to the ankle. In order to understand the

is necessary to flrst consmder some general propertaes

3 & s > : . .
of cores. '_ﬁ ) ' T o ;. L -

2. Theoretlcal Con51deratlons of the Propertles
v of €ones: . = . _ _ 3

TA-cone 1s a "SOlld generated by the rotatLon

"of a rlght trlangle about one . of 1ts legs as ax1s

(Webster, 1951) It has a cmrcular base whlch tapers
to a vertex. If the vertex is removed by cuttlng it ;5 —_—

parallel to the basé the - cone becomes truncated w1th ‘”"L

£ -

Con51der a truncated conerw1th its base

Cl) and truncated portlon (C@) parallel to each. other
A

must be’ larger than Cg. The axrs of such a cone.

- 3

'fPaSSes\through the center of the. c1rcular base (Cl)

and\ﬁhrough the center of the c1rcular truncated end (Cz) e

L e



RO

-~

AL

s

S

-
-
-~
[y
.F
3
-
-
o+
e Bl
"
-
-
g
S N
.
+
-



EEEIE 73 the truncatedK\on is sectloned S
« :
///// 1ong1tud1nally along 1ts ax1s (flg 30 1tamay Stlll

Y

\ ’ A2
.4 . . -

Bdth of these 01rcular surfaces are. per' ndlcular,

tafthe axls. Each p01nt (Pl, P2, P , P4, PS' PG)

/the edges of the conlcal sur1 ceorotates around -0

\ .

-~ on

the "axis at & flx\\\radigs’}ri or. rz) - { t {

be considereduto rotate around the axi each p01nt

~

_J (P1+ P2~ P3, P4, PSJ ‘Pg) on the edges of the conical

&surface wril contlnue to rotate around the axls at.

the same ffked radlus (rl or r2)

s .

A _fi‘_ 3

If a lonjltudlnal sectlon of a- truncated

. cone 1s made paral el to the axis but not along 1t
LA .

(flg 31), the truncated cone. may agaln be con51dered

PO S

to rotate around its orlglnal ax1s._ Each p01nt e

L -
(Pl, P2, P3, P4, PS' PG) ‘on the edges of the ofiical’

truncaled end. . The completlon of\the arcsfylelds tWo

c1rcles ldentlcal 1n 51ze to the origlnal cone base and
A

ttuagiggd/énd A lln 01n1ng the centers of the two .

.'l"

c1rcles so constructed represents the axls (flg 32)._ N

A

vy

/\
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Property 1 of cones: o - g
) ~ " The axis of any longitudinel
‘_ ’ section of a trnncated.conerwhose‘
{ - E original base:and-truncated end

were circular may be determined by L

e . hcompleting‘the arcs of its ourved‘ ! oo

- \

edges ang. jOlnlng “the centers of g'-snl
) : " the circles so formed. This axis
nill be found to be perpendioplar
: ~~ . to the base and_to-the truncated end.
1////;he.above method, however, can only be used
accurately for determining the orlglnal axis o; a

-

— sectlon of a. ‘truncated cone whose orlglnal base and |

— .
tranoﬁted\gngxwere circular. Consider now a truhcated

e

conical object such~as_that shown in'fig. 33. *The

base is circular, hut_the“tru\bateg\end - which has |
been cut obllquely to the base, does not present ;

e

a c1rcular edge (fig. 34). The axis clearly passes _ )
only through the center of the base. If a longltudlnal ' T
sectlon of such an object is made (fig. 35), the

axis polnt of the "base may be,determlned according
\
to Property 1 of cones by completlng the arc of its

\‘\

" curved _edge. (fig. 36)e‘ ‘The truncated end-clearly

T

T
\\
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. ‘a ';‘.5 “\":-
. . . o \‘. ) &1:
does not lend itself ta such determinatioﬂ. If, | - :

'nowever, an obllque wedge is removed by cuttlng the A
’truncated conlcal‘object parallel to the\base (flg-’??)j
completlon of the edge ‘of the new surface w1ll glve t
a circle whoserceﬁfer'represents the other ax1; point
(Property ‘1l of cones). It is clear thet<if a base
or truncated end is 01rcular 1t 1§ perpendlcular\Lo
the ax1s, and 1f one is not'c1rcular it 1s\not
perpendicular'to the axis. V,»

' Property 2 of cones: .

If, upon examination of the ™

K base and truncated end of a
b longitudinai‘section of a truncated‘. ’
coﬁe:rthe,edge-of the base or - g

truncated .end 'is an arc of a circle,

then completion of such an arc produces'

: . \

_ : L _ A

. - I Y

4 " a circle whose center is an axis point.
Such a base or truncated end will be

B}

perpendicular to the axis. If, on .the \

other ‘hand, the. edge of the base 7 &

a \
or truncated end. 'is not an arc of a N

c1rcle, thlS must, by deilnli' be
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After lnsp ctlng the edges of the base o
and‘truncated end and determlnlng whethei or not they S
are‘parts of c1rcle5, Property 1 o Property 2 of cones - X\
may then be applled to determlne the axls points of

the truncated cone. L . : H_.\ S _ ‘
From the foreqolng conclusions it is ev1dent | |

that the only type of trochlea to whlch Property 1 of

cones may be applied 1s the type_rltustrated in fig. 38a,'

The completion of its edges will produce two circles

of dlfferent radii (flg. 38b and c) ) This means-that

the base and truncated end are perpendlcular to the axis.

. If, on the other hand, one'artlcular edge

of a trochfea; he it the béé@.or:the,truncated end; is .,i L

nqt an arc of a circle (fig.‘39a), itdeliows (accordind to

Property 2 of cones) that Ehls edge is oblique to

‘L .
the other c1rcular end and 18 not perpendicular to '

the axis (flg 39b) The trochlea of such a talus,_
then, may be con51dered from the point of view of

its artlcular edges, to be a section of a truncated

- cone with either. an oblique base or an obllque
truncated end (as in fig. 33). The obllque edge cannot
‘be“used to determine-the-axis point unless a wedge -

is remoued?-as shown in fig. 39c.. The new articular

edge, now parallel. to the.other end, is an arc of a

PR
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:Illustratlon of a conlcal trochlea with a c1rcu1ar

" and parallel base and truncated end,

2

Fig. 38a. The medial and lateral
T e edges of the trochlea
are- parallel to each other,
being distance 'a°’ apart
" . throughout their entire
lengths ‘ .

Fig. 38bL" - The lateral edge is an -
arc of a circle whose
center is an axis point,

Fig. 38c. The medial edde is an
- arc of a circle’of a
& dlfferent radlus, its
" center is also an axis
po.lnt

e e e e = ema -

. . ) . -
S S - 3

‘Since the lateral and medlal edges are both parallel

to each.other ang c1rcular, they are perpendlcular

“to the axls Such a trochlea may thus be called a

conlcal type of trochlea
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Figure 39
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ileﬁstration of a conical- trochlea with either &

noncircular obligue base or a&nonc1rcular lelque

truncated end.

Fig. 39a. = The medial edge of the.
‘ , trochlea is not an arc
of a circle.

Fig. 39b, The medial edga is oblique =%
» °°  'to the laterail edge and
varies in distance from it,
being a greater distance from
it anteriorly’('b'),than_
posteriorly ('a'). .

~ -

~ Pig. 39¢. // “The dbliquity of the medial
_ . £ ) ‘ eédge is’ elininated by _
L ) _ R - removing a ﬁéggé-so that - .
o - the new medial edge
is parallel to the lateral.
- The two edges are now
distance 'a!' apart- from
each other throughout
their entire lengths.
The- new medial edge will
then be an arc of a
_ . circle whose center is
TN . an axis point. - BRI

-
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conclu51on mlght be redched that terhleae could be

descrlbed elther as seStlons of cones. (flg. 38)-,. as o n

c1rcle*whose center\represents the axis, p01nt.

L“" A Simllarly, 1f -+ of an artICUI*S edge is

nottan arc of,a c1rcle th E must be oblique to

o

\\
the axls\and cannot be usii/accurately in determlnlngA.

{ -
an agls point (flg..40a,"brand €). THe only accurate S

way/bf usrfg the entlre extent of the edges of such a

.trochlea would be .to remove both 1a ral and medlal
v'

a

oblique sllces 1n such a way as to proﬁuce two ) i

f

parallel and c;rcular edges (flg 40d, e and £). _ -

CIf only the edges of thedpase and truncateq‘

end. of trochleae’ are taken into con31deratlon lthe R
N :

1

cone sectlons°w1th an cular obldque base or

truncated end (flgt 39) or as con\“sect&ons Jeth an ////
obllque sectlon or sectlons m1551ng posterlorly from

the edge of the base and truncated end (fig. 40).-f2}s, i
£

h ever 1s not entlrely accurate. The trochlea. o

, are not, 1n fact, generated by a stralght line, whlch is

c aracterlstlc of cones, but by a curved 11ne {fig. 41).,
- I would be more preczse, thereﬁore to descrlbe each
trochlea as a sectlon of a cone- shaped Egélex\(flg- 42f4

Property 1 and Property 2 of cones. can Stlll be applied

4]
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Iiiustration of a conical trochlea with circular

and parallel base and truncated gég%: but with

oblique sections.missing posteriorly from each edge,

o

Fig.‘40a;

Fig. 40b.

Fig. 40c.

.‘
L
LA ‘

The medial and lateral
edges of the trochlea
are parallel to each

other ‘throughout only

“part of their lengths,
 being distance 'a°’ apart
 for this portion. Poste-

riorly both edges veer
towards “the midline of
the9trqch}ea, ‘b

Completion of the arc of
the lateral edge is
slightly inaccurate ‘

in determining an axis
point. ‘

3

T

Completion of the arc of
the medial edge is also -
inaccurate in\determining‘
an axis point. ‘
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SN

Fig. 40d4.

\gJ/

Fig-. 40e.

. Fig. 40f.

1The new medial edge
‘is an arc of 3

l

rThe posterior oblque

sections .are eliminajted
by cutting each edge
in such a way that the

new medial and lateral

edges are parallel "

" to each other and_are )

the same 'distance
apart from each other
throughout their
entire lengths. *

The new lateral edge

is now .an arc of a
circle whose center is
an axis point, ‘

L3

circle of a dlfferent
radius whose center
represents an axis
p01nt
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to a }ongﬁudinal section of a .cone-ghap.c_;d'pulley.

.The trochlea of the talus showﬂlin figl 38 éag'now 5e
more aécufaggly:described as a section.of‘afcone—éhaped
pulle& whbsé atticular edges are.parallel.f The articular

=

edges are arcs of circles and can therefyye be used to -
) _ 5

detefmine tHe axis poiﬁts. A trochlea conformlng to

those geometrlcal standards lllustrated An flg. 38 will

now be called a conlcal pulley-shaped trochlea with g

circular and parallel base. and truhcated end. The \
!
'.trochlea the t lus.shown in fig. 39 .can be more \

accurately descrl ed as a sectlon of a cone-shaped

~pulley hav1ng one tlcular-edge oblique to the other -

_.——-————'__-'_'-—"“—--.‘_

circular end and therefore not perpendicular to the

axis. A trochlea conforming to those geometrical

q L]

standards shown in fig. 39 w111 now be called a

comcal pulley-shaped trochlea with either ?nonc:.rcular

i‘ obllque base or a noncircular qbllquél}runc ted end.

] 7 — 'K " . )
Similarly, tﬁé“ffochlea of the talus Ahown in figq. ?0'
may be more accurately descrlbed as a section of a pulley

having only part of its articular edges parallel to e

.each otherd. ‘Posterlorly there is an ‘oblique section

missing from each edge so that these portions of the

-

edges are no longer pafallel to each other and may not

S

therefore be used in geometrical analysis.: A trochlea

{ ', ,\'- .. ) ) . :"

. . ~ pLs Lo
C . : ]
. 1 . V
. {
. . . .
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" depending upon the_shapé of their bases. More specifically,

~ they may be called cylindrical pulley-shaped trochleae

~60- - S

o ' . .
- v : N !
o -

conforming to those standards %llustréted in fig. &b -

. will now be called a conlcal pulley shaped trochlea—"

w1th c1rcular and parallel base and truncat end &

B

Yy
but W1th obllque sections m1551ng,p6§€;;1orly from

T

_e_al:_}__]___g__' - ’/‘ | | “ -.-

/’/ " ’
In theory therefore, trochleae of tali may be

T

described'and classified according to'their geometrical
shape. 1In general, they may be described as being similar,

in shapé to either a cylindrical pulley or a conical pulley

with circular and'parallel bases (fig. 23), cylindrical

. oy . s
pulley-shaped—~trochleae with one noncircular oblique base
= :

(fig. 24), cylindrical pulley—shaped.trochleaé with circular

1:'

and parallel bases, but with an. oblique section or sections

missihg poateriorly.from the edge or edgeé (Eig. 25),

corical pulley-shaped trochleae with ircular and -

_parallel base and truncated end (fig. 38), conical pulley-

-

shaped trochleaé with either a noncircular oblique base or
- G

a nonc1rcular obllque truncated End_jflg. 39) or conical

‘pulley~shaped trochleae with c1rcular and parallel base .

and_truncated end, but with an obllque section or s
Al - 1

sections missing posteriorlz;from the edge or edges (fig. 40).

With\these geometrical descriptions clearly

in mind, their application to the study of the talus

and its axis may now be undertaken.
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3. ' Feasibility Study for the Appllcatlon
_ of the Theoretical Properties of. . : !
. . Cylinders and Cones to a Study of the '
Tglus and 1ts Axis: - . ' C

Before applying the geometry of cylinders
and cones to a studyjof the talus and its axis, it =
is yorthwhile reiterating a very important point.

Since it is ghly the upper surface of the trochlea, . . -

and not the surfaces of the sides (bases), which

governs movemerit about. the axis dufing plantar and

.

dorsiflexipné(see fig. 26 and fig. 41), it is only
this surface which must be studied. The present

study there are involves the upper surface of the trochlea

at its ju ctibn with its lateral and medial surfaces, . ,

that is, the lateral and medial articular edges.

With the above points, in mind, twenty\_

tali were randomly removed from embalmed cadaver - @

ankles and were analyzed to determine if all or any of
f the grevibus geometriéal descriptioﬁs could be o ~/ 
) appliéd to their trochlé&aa, This study WOU1d "_ 1#

‘determine the fea51b111i;ilf using geometrlcal ) |

methods to determine an axis and- wouhgxglve some}

" idea’ of the value of previous studles.'



- trochlea whichrgoverned movemeﬂf during plantar and

~62~

Howeve:,;in order to study the talusﬁ:EBuaahely
by geomdtrical methods several refinements in the type

of study performed by Barnett and Napier (1952) were -

~ needed. Sucz/geﬁinements'involved methods of clearly

marking the Zateral and medial articular edges of the

‘trochleae.  Since it was the upper surface of the

: @
dorsiflexion, it was this surface, at its junction with,
K . o . N\ . . — -

its lateral and?medial”sidés;/ahich needed demarcation.

In'order to find these edges of the tfbchléae the-ﬁpper

surfaces of the tali yere-rolled on.black‘carbqn covered

paper (fig. 43a, b ana-c),. Such a procedure resulted in

carbon lines which varied in width from talus to talus.

In'the.pfesent investigation the outer‘edgé»of the carbon’:

.

lines' was considered to be-the articular edge because this

represented that lihe_on the upper surface which met with
the lateral or medial surface of the edge. This wFs the .
case even in trochleae which had rounded edges. Such . '

L . | |
a method ensured a standard by which tali could be

compared with each other.

Each carbon mé;ked trochlea wasfphotograph%d
from superior, p térior, lateral and medial aspects,
and 4x5-prinp “were made from each photograph (f}g- 44a,

b, ¢ and 4).
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. Fig. 43&. Upper—Surface of the talus
Y B was rollgﬂ,on black carbon
L F covered paper in order to
. find the uppermost surface
" ~.0f the trochlea, . )
-.1: ’ ° )
t
- \
. Fig. 43b. Treating the talus in the
. - above manner resulted in
carbon lines which varied
in width among talij.
‘e
Fig. 43c. The outer edge of the
¢ : carbon Tines (arrows)
was considered: to be o
5 the articular edyge,
T
: (’
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Fig.

Fig.

Fig,

444,

44b.

44,

444.

Superior aspect of carber
treated right trochlea

tali. The anterior

portion of the lateral
side (L} reveals a doubl
edge: one edge which i-

‘indicated by the-carbon

line, and a second edge
at the junction of the
superior and lateral
surfaces of the trochl:
(arrows) .

Posterior aspect of same
trochlea reveals a

bevelled portion postero
laterally due to articulatin
with the transverse tibin-
fibular ligament {(ttl}. h
bevelled surface causes '
lateral carbon line to

slope obligquely towards

the midline posteriorly.

’ }
Lateral aspect of trochle-

clearly showing bevelle
surface Posteriorly (ttl).
The carbon-treated lateral

articular edge is plainly
Visible.

Medigl aspect of trochlea
shoylng carbon-treated medial
articular edge.
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,a\es were observed Fo be transversé lyLng oblrgue to

_" .o T o w. (.. , R ‘ . ‘ % > L . v . .'
. axis point. It was ' not practlcal nor even‘possible, S

_/~ to measure fhe. exact\anble of obllqulty w1th reference :. g

' at rlgjt angles “to the’ dlrectlon of the thlrd toe

in. these movements havé‘hot been deflned"

- T n
AL T e

';""h- \‘1/.-" . a

the coronal plane in ‘such a way that the lateral ax1s - o

po;nt was always located pQSterlquy.bolthe,m ial ®

L

] e,

-._tO‘the coronal plane because the coronal plane of the \ SR

- .o
]

lower llmb’has never- been descrlbed accurately enUUgh e 'Lf

Q

to permlt such measurements. : . o ‘ o e

O b} ' Nk N o —
Wood Jones (1949) descrlbee\fffjaxls of T v S

\.

Iment Lh relatlon t the axis of the thlxg\toe,
<

He stated.that."... movement takes pkﬁce about an -axis P

J -

Yo

L} .
‘3‘7 . .
V
Thls however, is-not'tan accurate standard S}nce the

L3
¥

““—-. R \\

. dlrectlon of the: thlrd toe obv10uslg varies w1th the i\\\ o o

deements of. 1nver51on/adductloﬁ\and ev%rs;on/abductlon ?\lu

Indeed the “neutral" pOSltlonS of ‘the jOlntS 1nvolved

~

. . L4

- . P ‘f D ) .,
Qufflce 1t to say that the p051t10n of the P
'ahls\;L-certalnly obllque to the corona& plane, tie r'. -
v . N | ' .

ldteral axis p01nt 1yidg on a level with the tip " E;:

of the" lateral malleblus and?&hg medlal axis p01nt \
\J '
lying well below the tlp of the,medlal malleolus

P

% S
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I

”TW

l The

: v - . 5
._105_ 3 ‘ ;#J' . _
. '\ ) o ! . .
problem of desc 1b1ng any vertlcal

L

4

| oblqulty of the axls remains. In the present serles

-\
Of experlment%-the subtalar joints hadsbeen 1mmob111zed

WLth screws

-

’ evers1on/abdu

AN
Movements f ;nversibn/adductlon and

-

cﬂ;on had to a large exteni thus been'

ellmlnated _ Nevertheless, tﬁa sole oﬂ the foot is

-

not a flat surface, and it lS ‘once agaln nelther

practlcal nor
of only a, few

all practlcal

.‘ \ . "

possmble ko attempt to descrlbe varlatlons

i \

degrees ‘in'v tlcal Obllqulty For' .
. - : 9
purposes, however,_lt was noted that the

metal a%q[ rods were v1rtuallyﬂhgrlzontal in each of -

Lhe flfteen a

LJ : lThe
f

'flxeﬁ axxs ex

l could be repr

Jurlng hoveme

c1nematography .and by radlography The axis ‘was .° 4\\ v

4

norlzontal bu

‘the lateral 8

RN o

observatlons ?y the dynamlc methoé o .

nkles.l

/showed tRat . ETrlng normal range of movemeﬁt a Sanle

isted in the ankle 301nt This axis \

. \/
esented by a rod, and ltS stablllty
nt: could be noted by the naked eye, by \{

L

t was obllque to .the coronal plane, . \

xis pornt belng tevel’ w1th the tlE of g

“the lateral m

alleolus and the medlal axls p01nt lying

'well below th

e tip of qhe medial malleolﬁe




y .p. - REPINED bTATIC ME'I‘HOD OF - ES’I‘IMATION c}p THE
' ANKLE JOINT 'AXIS -

¢

. . 5 - A
After hav1ng successfully determlned by

T

—\_,/ c1neMatography that a single flxed ankle 301nt 2§§s

ehlsted in. each of the flfteén ankles, the p;esent \\

-

'study thenlatggmpted to determlne if 1t were p0551ble' '}\-

to obtaln iuch results by geometrlc é»udy of the

ff\ trochlea tdll.- The 1nherent theoretlcal dlfflcultles
. R . e
:5-involued in.suchra study have been'prev1ously dis-

cussed in detdil. It was the purpose ‘o this aspect
_»of the study therefore t .move out of -the realm of

',theory to its, appllCatlon. - To this eﬁd the twenty .

" ‘chrbon. treated talL of the feaslblllty study were_iﬁ\xJ

examlned . e 3 :_' ' u.‘ - e L .
'w_”lijf Ob, ervatlonslon ‘the’ Fea51b111ty Stady for the . &
. ‘ Appllcatron of Geometry to the Study of the -
. Axis of the,Ialus c . . -
‘li.!. e
Examlnatlon of the photographs of the superlor i?
.aspect of the twenty tall re ealed that the anterlor o ’ ”‘ﬁx_é
- . — L B B
~ portions of the lateral and m dnal carbon llnes of ) 4
s ‘ N
each trochlea were Egrallel t 'each other. These R

.portlons of the carbLn llnes ere demarcated by plpS, ' 1 " -
e : .- -

-as in fig. 64.: The. §oster10r bevelled surface on the.

lateral aspect of the*trochlea, contactlng the trans- - - e

verse tlbloflbular llbament of the distal tlbioflbular
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' o . Fig.. 640 s perior: aspect of, right. -
P - . tyochlea tali showing e
‘_‘pin~demarcated‘parallel‘.
" portions of carbon- :
, tr=ated"a;ticular edges, -
2/ D o SO '~ Thd, transverse tibig- _
: ' : - " fibular ligament .4 tacts
' the p?sterior bevelled
surface on the lateral .
. , aspect (ttl) land Céu5%§
D -~ the lateral carbon ling
' ~ - o : to‘510pe'pbliquely
. . \\\ L : .+ towards the midline.
,;ﬂﬂﬂ;;R v ™ j ‘ .The posterior portior_ ., .
L 7 _ )

T A S - -of the medial arbon 3 “'
L o o .= . line also Slopfg obliquely
.gf - - o _j . towards the dlinew
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. A - " .t . . . . : . : Lot
] . . ] B s . '_1_08_.4 ’ o - - \. e E B . i .
. R Lo ; . K - v : o ; ' ' ' .t

joint, caused“the'lateral carbOn.llne to slope tﬁiardsl

B L |

the mldllne (flg %4) ‘ ThlS SlOplga of the lateral . oy
e ‘ .

>~ carbon llne occurred in each of the twenty tali. ‘l‘

¥ Infaddltlon there was é;me degree of mldllne sloplngK

of the posterlor part of the medlal carbon line. 1n

\seventeen of the twenty tali examlned (flg, 64) oAy

Therefore only the nonsloplng portlons of" the lateral ' ;5'

nnﬁnd medlal carbon llnes Whlcw were parallel to each N
, A= .
other were de}ineated by plns . '_.“

Examlnatlon of photographs of the pln— ¢

‘demarcated portlon‘gﬁ)a&e lateralqcarbon llne was B

fcnducted by coastructlng three chords w1th helr
o C ! B
rmine whether S

perpendicular blseetors in order to’d'
' i

'ne w1de range in radll (17 5 m& to 27 mm. , w1th

average value of 23. 4 mm. ) 1nd1cated that- a large

4mmunt of 1nd1v1dual variation . 1n 51ze of tall exlsted°

: : . . - : l |
T
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. axis- p01nt)
.that the carbon arc-is

« -
— T ' . .
3 ' , -
. : vy ¢
.
5 L e
‘ e
Lateral aspect of a
rlqpt trochlea
demonstrating chord -

and -perpendicular

"bisector constructlon

ThHe. three! perpendicular . o !

bisectors meet at- one .

point (the 'lateral
1nd1cat1na

an arc of a circle. -
(radius. = 27 mm. ).

The lateral axis point
i's. shown’ 1n a typlcal
position, "being at i '
-the apex of the lateral v
“triangular artlcular '
- surface.
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TABLé I.

.

Geometrlzal pData for 20 Randomly Selected Tald -
. Used in Fe551 111ty‘Study '

o T\

o “ . ) _ :
. Fo) . t. 0 . * =
ot - Radlus,~ Rad;ps RN
”\" . ' (lat.) N\ (med. e )
- i ” in mil" -‘ . - :
Tales No. ‘limeters .l eters, Gedmetrlcar\shape :
'l.(left) 22.0 .° "-20.5 Conlcal pulley (L>M)
3 (right 26.5  16.5 -
3 (left) 4 -2L.50 . 18.0 NCEE ;
) 4_'(left) .25:5 | '2'1.0‘. : " . " "
" . 5(1Eft) 2240 ) L7.0 ' " " -
T 6 (left) 24.5 13,5 , Mmoo L PEEEE
T .7 (riqht) . 26.0 21,0 . " i o
' i \ 8 (IEft) 25.5, , 14.0 SR 1P " ’-__' "
L9 (left] 23.5 .- 18.0 4; W i
. T lO (rioght) 2"5 - 5 . 22. 0 ’ Q ' 1" Lo n ||:
11 (right)._. 21.0° . 16.5 oo ';\ "
12 (left) ==26.0 2340 g K -
- 13 (left) 23.5 . 26.5 . Bonical pulley- (M>L) &
© 14 (right) 17.5. 13.5 . Conical pulley (L>M) °
lS'(rlght) 25.5  ( 22 .0 L ¢
16 (left)’ 18,0. = 1D P
' 17 (Leﬂft) 21-5 ~ c N 19;0 “ ' - r " - f' Il
1§ (right) - 26.00 . .19.0 w - Mgt
19" (right). 27.0 v 27.0 \\“leiﬁdricliﬂpulley =H)
20 (left) I19..0 12,0~ .Conical pulley (L5M)
" Radids range: 1#.5-27.0 11.0-27.0 T
Average radius: \?3,4 T 18:6 ‘o
. N h \ .
\\Conlcal pulley- (ESM) 18 E .
‘Conical pulley . (M>L) - :
~_Cyllndr1cal‘pulley (L_M) 1 .
. ) \ . " ]
iy N ) p . o a
i N .
: ’ l - 2 ‘
/o - TN -
f‘f:’ e ’ - t
«_(\\ | .;5

- e
Ba T
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_p01nt was located within three mrlllmeters above the

-denarcated carbon }jLe was perfoymed in the same way

.‘"—111'-' T S
Howeve ' the Eo%;tlon of the lateral ax1s polnt was ‘o'
S

obaprved to(;ary only sllghtly among the talr

It was‘

located. at the most 1nferlor border (apex) of 'the 1ateral

!
trlangular artlcular surface in. nlne tall as in -

-~
flg f65 It waq_thls surface whlch artlculated with’

Y
the 1ateral mallPolus. In ten tall the laterai axis
. |

Q

pox of the trlangular artlcular surface.™ In only one

talus w&s the lateral axis pélnt more than thfce
ﬁilllmeters above t e apex of the trlangular surface
Bxamlnatlon of photographs of the medlal pln-l

LY

as for the lateral : rbon,llne..,For each talus the

P

three perpendlcular blsectors met at a 51ng1e polnt
(flg 66), lndlcatlng that the medlal carbon arc was
also an arc of a c1rcle whose certer represented the
medial“axis p01ntf‘ The radii. oflthe c1rcles were
measured and the measurenents are shown-ln the second
column of Table I. A w1der .fange in the radii (ll .
to 27 mm. , wlth an average value of 18 6 mm.) existed
for: the medlal alde of the trochlea than for the

lateral. 51de. The pOSlthn of the medlal axls point,

v

hogg\er, was observed to be falrly constant in 'its

location.. In elghteen of the twernty tali.it was

T

.
k\; _ '_ .
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Figure 66
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Fig. 66. Medial aspect of a right
- : - trochlea showing pin-"
. . . demarcated medial articular-
S : edge. Three chords with
I , © . . perpendicular bisectors
-, _ : have been constructed. - ’
. Co RN " Since the three L : _
™~ : ‘perpendicular bisggtors__“,—éﬁffu:a
S S meet at one point (the -
— e _ : : medial axis point), the
T : I DA arc from which they are o
N ‘ B L ‘constructed is’ an'arc of <« . e
. . T a circle (radius = 21 mm. )
S | The medial axis point is® -
, . - shown in its typical .
) ; o o ‘ position, being located
C ' o B a few millimeters e
_ ' : posterior to and a few :
: : ' ' millimeters inferior - - 4
- -+ to the head of the _ v
. - ‘comma-shaped medial
v I - articular surface,
: . o p

ity
S ]







. .._-1t3- S SN T | \ _
located a few mllllmeters poster1$r to and ‘arfew

a

mllllmqters lnferlor to. the head of the comma-shaped-‘ o : | >

’ ‘medlal artlcular surface in the pOolt‘lOn shown .in
»ln .

flg 66." it was th'lS surface whlch artlculated

I
-

a :

Wlth tpe medla}, maJ@eolus In two -‘tal:., however,

‘the medial axis po:Lnt ‘was located well below thlg

‘ Domt (flg 6‘7)'.' ST S \) T

The lateral and medlal radll of each talar

o~ \ .
.
arc were compared w:Lth each other 1n O%r to dEte'rmine
. . s & - ' B .

whether of not any ‘'of the!previously .mentioned ‘géome Pical  Cw

: descrlptlone ‘could b applied to thej trochleae I It

is ev:.dent from Table I that only .one of the twenty _

trochleae examlned(ﬁﬁhﬁber 19) “was cyllndrlcal that is,

(

“the” rad:r.us of the lateral arc was equal to the rad:.us

/

,of the medlal arc. . The remaining n:.neteen trochleae-

. were. conlcaﬁ, that 15, the radlus of c?e arc was greater

C than the rad:.us of the other arc Only one of the conlcal

i ’ ("‘ -

trochleae (number IB) had a medlal\radlus larger than
the lateral while the remalnlng elghteer{i,ad a lateral '
radius larger than the medlal. Therefore: on-ly the L‘
.'trochlea of talus number 19 could be called a czllndr:\.cal
pulley- shaped ‘trochlea- w1th c:chular and parallel bases.
- . '
] R
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" tali.

[

“Medial aspect of a

right trochlea showing
the atypical location

‘,of the medial axis

‘located well below. -
.the typical locatibn
shown :in fig. 66.

point found in two
The medial
axis point is
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.The re aini trochleae were therefore c
on1ca1 Eullex- ‘
.shaped £ chleaélWLth c1rcular and Earallel bases and | i;f,

truncated ends.v The other descr1 tj
A P 3, ns ‘of pOSSlbl

theoretlcal in’ naEure for they were fouhd to ha

il

' -ecounterparts in the twenty tali studled

4

(It has thus been shown that among the twenty

ranébmly Aelected tall it was pOSSlble to app1§ some* of

" articﬁlar edges\, It remalns to be proved, however R -

F

thlS lS ‘an accurate and useful exEr01se and whether

[
[
ty

. ;,' oF not the p051t10n of -the trochlear axis determrned
. . a i —____

by such_a geometrlcal study COlnCldeS with the position,

O

P

the ankle joint axls determlned by the dynamlc method,
2.. -Observatlons on the Geometry of the Tali and L
* . Mortices of the Pifteen Ankles, Used in the

 Dynamic Studss and Geomé'tric Determination of . =
‘'the. AnkTe Joiny Axis: . o C

In order tqﬁdéiérmine'whether or het]the' -

gecmeirical axis of the trochlea w;g% in fact, the ',

axis of movement of the ankle joint, the refined static

ime,hod was appiied'to the'fifteen‘enkles whose axes had



ot e L= BV /
) = . :' e ‘ ot "" ‘

been determlned by the dxn ic® method., Since - . - - O

the™ ankle 301nt was composed of ‘two artlculatlng

surfaés, however,‘the tlbloflbular mortlce of edch: ‘ ,‘ SR

-

jOlI’lt was also analyzed geometrlcally The results e .\.,

1

-

of the mort;?e analysis- were compared w1th the results
1

.of the trochlea- an\alys:Ls 'in erder to determlne whether

§ or not the two surfacesv\;vere cn:cular and congruent A . | C

T-his gave some indication of both the nature ‘and position’ -
. . P ) . . . . ’E""- ‘" .

_of Jthe gclnt axis. : -
Reflned sttatlc metho’c{ bf - estlma'tnox\ of AT
the trochlear ‘axis . - SRR

Following dis'a-rticulation the refined

stat,lc method was used tc determlne the geometrlca

the dynam amie method

to_'determ' G the

e.:;:es of the flftee‘n trochleae used i

R ~ -axes of the twenty troch'leae studied previgusy

oL

SuDerlor aspect of the flfteen tall revealed that, as
.' before, the anterlor pA{tlons of the lateral and ?nedlal
carbon lines —of each trochlea were par 1lel to each
‘other. These  portions of the carbo{ines were
demarcated by plns, as in. fJ.g. 68. The posters‘.or
N bevelled surface on the lateral aspects of '_the trocirleae | __,‘
caused the lat_eral carbon lines o.f‘ each't'rochlea ;to_

L4
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‘comes into contact with

- r

lxsuperior aspect'of a - l
carbon-treatéd left, .

trochlea tali. (The .
anterior portlons of-

‘*the carbon lines are P

parallel to each other and

- have been demarcated with P
The posterior . . [.'

pins.
portion of the lateral
articular edge reveals
a bevelled surface- ‘which .

the transverse tibio-
fibular- llgament (ttl).
The bevelled surface

'caused the lateral

carbon line to slope

- . towards the midline - i:'

of the trochlea
ﬁosterlorly.v Midline
sloping of the posteripr

carbon 11 e also- occurs

"’part of tq ~meﬂ1al

Lhad

T, ..
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1.

: addltlcn, there was at least. a shght degree’of midline’

. in four\teen of tl’;e flfteen tall examlned (flg 68)‘ The

"‘delineated by p1r§s. R -

<

/ . :
,gl,ope towards the mldllne posterlorly (flg 68). 1In°

G L

: LY .
sloplﬁg of the posterlor pa‘rt of the medlal Carbo'h llne

1o~

. ’ :
nonslop{ng portlons o-f the lateral and medlal carbon .
Tines which were paralle} to eadh othler were therefore l-

¢

L

. The. pre 1ously descrlbed method of chord .

constructlon was sed to déterm:.ne whether or not @
to
the pln-demarc ted l&terél carbon llnes were arcs of

I'd l

ciroles ‘= For

'ach of the f1f troohcleae the three ’
, ‘W - :

Tocroendlcular .- tors met-at ‘a srngle p01nt (flq 69) '

o v

ﬁ
nndlcat;ng that the lateral carbon llne was the arc of

.

a c1rcle whose center represented the lateral axls pom/

il

“The. radiush of the lateral ‘arc of’ each trochlea was

r'1easured and these are shown in Table I; 'I‘he average

-value of the radll was 23 7" fam. Wlth a range fnom 21 mm

N

to 27 mm. , These values compared— w1th an awerage of

-

+

T ' .,,—1'1"8— o R SR

te

33.4 mm. and a range from 17.5 mm. ‘to p mrn ‘in the values

'

'obtalned from ‘?the twenty ran\.:lomly selected tall

The pos:.tlon of the lateral ax:.s p01nt for'
these flfteen tall was srmllar to the pOSltlon found

]\A
for the' twenty tall used :Ln -the feasglbllltb smdy



o

fo)) .
6 -
-y
' . ’ - 1] 1%
1 oM
3
s R o &
ot
[ 4 .
)
- » "
A



Py

LY

Determination of lateral .
axis point by chord and .
perpendicular bisector - <
constructien. The axis

. point is shown in its

typical location at the

~inferior border (apex) -

of the lateral triangular

-articular surface. = Arrow . -

indicates axis, whose
position had ‘been = . -
determined by the dynamic

: . i

method. . R
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geometridai bata for, ‘15 Tali
' . Used in Dynamic Metho

15 ¢right)

‘Radius range: 21.0527.0

Aée:age radius: 23.7

Radits -

(lat.} -

: in mil-

~ Talus No. limeters
"1 (left) 26.5
2 (right)’ 24.5
3 (left) = 22.5
4 (left) - 25.0
5 {right) 210
6 (left) " 23.5
7 {left) 24.0
8 (right) 24.5
9 (right) 27.0
10 (right) 225
11 (left) 125.5,

12 (right)  23.5°

13 {left) 21.0

14 {right) 22,5

22.0"

~120-

.TABLE 'II

(,J"\

Radius
(med. )
'in mils

limeters

" 17.5
17.0
18.5
16.5
21.0

. 414.0
16.0
18.5
23.0
14.5
20.0
21.0

" 17.0

.+ 14.0

19.5

Conical pulley'(L>M):' 14
. 1 (M>L)-: 0
Cylindrical pulley'(L:M):g:l

‘Conical pulley

4

S

L.

Geometfical Shape

‘. —k.\ : v

*rom Ankles

Conical pulley (I>M)
Ly " noL

—

il

14.0-23.0
17.9

n

ley (L>M)

[
0

,‘Cylindricai pulley-(L:M)
© .Conical pul

'

<



The lateral axis pOlnt was located at the most rnferlor
border (apex) of the lateral triangular artlcular
' ‘surface in eleven of the flfteen tall, as in flg 69.

In ‘twa tal:L the axis p01nt was located w1th1n two

¥

'mllln}eter,s ‘above the apex of the artlcular surface,
while in. two tali the axis point was within two
m']ill’j.meters -below the apex.

-.—--"':r . - l .

Examination’ of the medial -pi_n—demarcated ‘

carbon line was performed in the same wgy as for the

1ateral srde._ For each of the fiftefn trochlea the

three perpendlcular blsectors met at a s;nqle p01nt

:(f ig.. 70) which thus represented the medlal axis pon.nt
The radlus of the medlal arc of each troch,’lea was
-.neasured and was recorded in Table II The average 7 : -
value of the radll was found to be‘_\l";’ .9 mm. w1th a range )

._rom 14 mm. to 23 B, 'I‘hese values compared w1th an 'v

average of 18.6 mm: and a range from 11 mm. -to 27 mm.
nfor th‘e twenty ra'ndomly’selected tali. .

The’ medlal axis pcunt was again observed :

to be fairly constant in its location.  Its pos:.t:.on ":,;
compared fauorably to that found for the previous twenty

tali, being consxstently located a few mllllmeters

posterior %o and a few mllllr’r—feters 1nfer10r “to the head
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Fig.

70.

Determination of medial
axis point by chord and
perpendlcular blsector
construction, * The axis
point is shown in its
‘typical loeation, being -°
located a few millimeters
posterlor to and a few
millimeters inferior to

- xhe head .of the comma-

shaped articular surface.
Arrow indicates ax1s,. E
whose positidn had been
determlned by the .
dynamlc method.
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of the comma—shapeﬁ-medial'articu

fig. 70(- ";\ f E f T : ‘
il . . ) J . ; . L

The lateral and medlal fadlus of each of the“
;1
flfteen talar arcs were then compared to each other in . ¢ )

order to determlne whether or notrany Of the pre-

viously mentioned geometrlca descrlptlons ‘could be

prlled to the trochleae.' It is. seen froM\?able II

-,

 that only oné .of the flﬁteen examlned trochleae’ ST,

!
,(number 5) could be descrlbed as a-cyllnder- that is, ' .

_ were conlcal' that 1s, the radlus of one. anc was greater

~ 4 ) I 0
the radlus of the lateral arc, was equal to the. radlus-

S— .
of~the medlal arc The - remalnlng fourteen trochleae T w%
than the radlus\of the éther arc. All of the conical

trochleae, in fact had lateral redll larger than the

ﬁﬂlal radll Therefore, only the trochlea .0f talus

nutber 5 could be calted a cylrndricai‘p_lley shaped .

trochlea w1th c1rcular and parallel bases The

) /

-

rémalnlng trochleae were thustE_nlcal pulley shaped

'trochleae w1th c1rcular and parallel bases and truncated

ends Once agaln other theoretlcal geometrlcal tvpes @g&

were . not found. A summary of the geometrlcal results

whlch have been presented thus far is given in Table "III. -

\ e g
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. .. TABLE IIT' - 7 , . .
"Summary of Geometrical Results ., .
- ‘ P | N v l ‘ . .
o Data from TABLE I Data from TABLE II .
- S ﬂ20 random}y ' 15 tali from. . L &
: _selected-tali . ankles used in '
o8 “used in . Dynamic Method
e : Fea51b111ty : -
. o . ‘.Study
. )
Size (in mm) : ..
lateral ‘ S }'f; .
radii- . T S
range ' . 17.5-27.0 . 2l.0-27.0
o R C o Gt
’ -auerage . o ot
 latéral o T : o '
V. radius - .23.4 . 23.7
l . - . ‘ ’ V L)
-.medial
‘radii | L, . :
range - . 11.0-27.0 14.0-23.0
average B .‘, ' . ‘ -
‘medial
radius 8 ‘ 18.6 . = - 17.9
‘Geometrical Shaggi '
conical pulley - : v o
(L>M) - S 14
conical pulley | e 0
(M>L) 1 \
. cylindrical , -~ o v o
pulley (L-M) 1 | . S
0//
e
’ ™
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Refined static method of estimation of

the t:Lb:LofJ.bular mold axis.-. R

o 'I’he -reflned static method was - used to

aeterm:.ne the geome-trlcal ax.es of the 'tlbloflbular : ' -

_ molds correspondlng to the flfteen tall just’

e\arnua;ed The 'anterlor portlons of the lateral and

medlal carbon ﬂlines on the plaster molds weré T ' v
examl'l'\ed frOm the pl;otographs of the‘lr superlor aspects '
)‘-—'f !

n‘é-f'(ere foimd to be parallel to each: Othe-r in all,

lJ__fteen cases.' Thesé portlons of the carbon llnes
: s .

' we‘re"demar,cated by pins, aS' in fig.' 71." The posterior
portlon of the’ lateral carbon llne of each mold sloped.
towards the mldllne (figq. 71). Th1s was caused by

- its ax;tlculatlon wu.th the correSpondIng surface of the

-~

Q?trochlea and with the transverse tlbloflbular llqament

- of the d}stal tlbloflbular joint. In addltlon, there

was at least a sllght amount of mldllne slong of the
v .
posterior part of the ‘medial carbon llné in fourteen

of the fifteen molds exam1ned (flg- 71) It was the_
e ) '
' QOI?SlOP,l'ng_ portions of the lateral and medial carbon By

: 1inés which were parallel. gg each other Wh‘lch-were

thus delineated by pins.

The prevs.ously descrlbed .method of chord |

[N

_ : 8 N
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Figure 71
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Fig.

7L.

Superior aspect of a- -
¢carbon-treated right
tibiofibular mortic .

mold. . The anterior

portions of the gayhon llnes

-are parallel-to eath-other
.and have been demarcated

with pins. The posterior .
portion of \the lateral
carbon line slopes towards

the mldllne (arroW) due to

its artlculatlon with the
correspondlng surface of
1ts trochlea: and with the
transverse tlbloflbular
ligament. A’ sllght amount
of ;midline. sloplng of the
poéEerlor part of the
medial carbon’ llne also -
deeurs.






pin-demarcated” on lines was pe;Eered'as above,
and‘ urteen of - the flfteen medlal llnes were found

" . A .'_‘_127_ . ‘.'
construction was used on ‘the photognaphs of the lateraL_

aspects .of the molds to evaluate the p1n~demarcated

.lateral carbon\linés. Fourteen of.the fifteen lines

were -found ‘to be arcs of circles whose centers

represented-axis-points, The pin-marked arc of the

&

remaining. mold (number 14) was-deemed toolshort in

1ts extent to accurat!ly construct/fbgee chords w€;£

‘

their perpendlcular bisectors. It w(}’not therefore

- (. .
aZiusof the

lateral
arc of ‘the other fourteen molds 1s shown in Tab}Z-IV ‘

- ;o -

included in any measurement.. The

'and may .easily be compared w1th the correspondlng radlus

,oz 1ts\trochlea _ o ‘__ / . . ﬁ,

Examlnatlon of photographs of the medlal

to be arc5'of circles. The arc of mold number 14 was.
agaln found to be too short to permlt accurate analySLS
and was not therefore 1nc1uded in any measurement

Thc arues of the radll of the medlal arcs of the

other fourteen molds lS shown in Table IV and may -

.
again be coMpared with the correspondlng radll of

their tfochleae."
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TABLE'IV ,
‘ - : :
Geometrlcal Data for 15 Tali and Their Corr95pond1ng
, ﬁlbloflbular Mold

-
-

- L]

]Radﬂus Radius

-

of - .0 .Radius Radius J
lat- lat- _of . of 4
_ eral eral . " medial medial '
arc of arc of . ‘arc of arc of - .
, ..troch- mold ' Differ- troch- mold Differ-
: lea (in (in . ence lea (in (in. ence
Ankle No. mm) mm} . ¢ (in ‘mm) rm) mm) {(in- mm)”
1 (left)- 26.5 . 27.0. 0.5> 1705 18,5 © 1.0
2 (right) - 24.5 . 34.5 0.0 17.0~ 240 7 7.0
.3 (left)  22.5  24.5 2.0, T18:5 '18.5°.. 0.0
4 (left) 25.0 . 26.0 1.0 16.5 .17.5 . 1.0
- '5 {right) 21.0 230 - 1.0 _"21.0 . -:22.0 1.0
6 (left)  23.5 25.0 . 1.5, 14.0 17.5 3.5
"7 (left) . 24.0 25.0 - .0 16.0- 17.0 1.0
8 (right) . 24.5 25.0 0.5 . 18.5  21.5° 3.0
9 (right) 27.0 27.0 -~ . 0.0 23.0  26.0 3.0
10 (right) 22.5  26.0 3.5° 14.5 16.5 - 2.0
"11 (left) 25.5 = 25,5 0.0 * 20.0 22.5 2.5
12 (right) 23.5 = 27.5 4.0 21.0 23.5 2.5
I3 (left) 21.0 ~ 24.00 [ . 3.0 17.0 ¢ 19.0 2.0
14 {(right) 22!5 - - 14.0°  ---- ~--
.15 {right) "~ 22.0 23.0 1.0 19.5  21.5 2.0
gverage:. . 23.7 25.1 1.4 :17.9 20.4 2.3
< - : _
‘ ~ .
r.
e .
s
. .
- , “; .
- j‘\ = 2
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- Table IV alsq l'x;'glrfesents. a more deta_i_&ed oL ”
look at the above data by c':omparing'the di’fference u /
in mllllmeters between the radius of the lateral arc |

' of/each mold and the’ radlus of the lateral arc of the | °
. 'f . - .
corre5pond1ng trochlea " “The greatest d’lstance by whlch

these two values dlffered was 4 . wrth an average
' dlfference of 1. 4 mm The same data 15 also presented

for the medlal arc of each mold and correspondlng

‘trochlea.- Ijé is noted that a sllghtly larger average

diffefeﬁce of .2.3 ‘mm. exlsted for ‘the medlal side.

The above results 1nd1cate that the lateral

- . ]

and medlal pln—demarcatea edges of both the trochleae

and their corresponda.ng tlbloflbular rqortlce are arcs

L]
of circles.‘ Th}s is ".one factor necessary_ for a srngle'

fixed axis. . -
- 'A' more difficult- prebleni involves the’
1nterpretatlon oﬁ congruen_c_z Congruency 15 the other ]

- factor necessary for a smgle flxed axls. Table v,
—
shows that the radlus of .each trochlear arc' and Lp¥s

-.

correspondlng mortlce dlffer by an average of 1/, 4 mm

-

for the lateral edge ‘and’ 2:3 mm. for the media edge
r

With a resultrng "joint SPaCe" .Of'l'é mm.  to 2.3 mm

arn

.-

it could be argued thab-the—anklenjOint would belong — — »

- ' : ' [
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he category‘df articuiating eurfaees ehown in
53b on page 79 (male and female - surfaces are
“c'rculan-but are not congruent) .In such. a case
.here would be a sllght varlatlon in the axis during
'Snovement the ?rﬁint of whlch wquld depend upon the
thickness“dt the ov1al fluld between the artlculatlng
;aurfaceé. These results might even be 1nterpreted as
.suppotting MacConalll s'theory of jOlnt lubrication (see
page 80). On \the i}her hand, if ohe con¥iders the
_inherent'errore‘involved in using geometrical ﬁethods

to study the ankle Joint, it is remarkable that the

joint space dlstance afrlved at is so small'

" The above arguments will be dealt with later’ _
- . o v
in the discussion. However, in order to get some idea.

of the accdracy'of the positions of the geometrically

determlned axis points they may be comEared with those

[}

obtalned by the dynamlc method
— - . .

noo.
.




of 1.7 mm. Furthermore ?he dlstance was 2 mm., or tess

for twelve of the flfteen tall . : e

Table v reveals that the varlatlon is .

somewhat greater the medial SLde'than for the

" lateral side ‘range is from 0 mm, to 10 .mm,

v .

with an average value of 4.4 mm., and only four of

the flfteen tall show a dlstance of 2 mm. or less.
}
between the centers.. In general the p051t10n of

,the statlcally determlned medlal ax1s p01nt was
located posterosuperlorly to the pOSltlon of the

¥

E eterm1 ed point (fig. 72).
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\ el e o ‘ TABLEV , : ‘ ' : CL
cOmparlson of Data From Reflhed Statlc Method
and Dynamlc Method .
AR 'l - ° L ot
“? . ST Dlstance between o Dlstance between o ‘\\\g
) . lateral | " medial ‘ .
e : - geometric and . geometric angd -
: o dynamic axist . dynamic axis .
Ankle No. points (in' min), - points (in mm)
1 (left) 2.0 v ST ‘ ,
-2 (right) ig gg
" 3 \(1Eft) . t . . — . LU
4 '(1left) T 2.5 . 6.0
5 (right) a 1,0 2.5
6 (left) . 1.0 . 340 70
7 (laft) 2.0 .7.5 o Y
8 (right) 2.0 - 4.5 : . ¥
9 (right) = . | 1.0 ) 0.8
10 (right) K 0.0 18-5 i
11 (left) - - 2.0 3
12 (right) 3.5, 30 '
13 (left) \ 4.0 370
14 (right) . 0.5 3.0
15 (right) 1.5
Average: 6 1.7 v O
’.‘.u y) . Fad
/
~ N | \\\
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Medial ‘aspect of a
.right talus (number 8
of dynamic' study)
‘showing. the statlbally

determined medial axis

‘point being typlcally
located postero-
superiorly to jithe -
dynamlcally determined
axis point (represented
by ‘a metal axis rod-
arrow).
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PART IV

DISCUSSION AND CONCLUSIONS
‘ Although descrlptlons of the ankle joz.nt -

axis have appeared 1n textbooks and 1n monographs

for moré than one hundred years, many of these

b

descrlptlons seem to have been ‘based upon unrecor-—
ded experiments. It was not untll 1952 that a =
descrlptlon complete with recorded expenmental}
r'lobservatlons first appeared in the _‘therature

b

._(Barnett and Napler, 1952) Barnett and Napler,

5,

who based thElr jclusmns upoen geometmcal analysis
a variable axls of movfnent* at

. “'of tall, ‘descriv_b
the ankle -joint Thls 1n 1tself\was coptrary to
fmach - that had been wrn.tten prev:.ously Thelir work
has had a tremondous impact uport subsequent '
descrlptlons of t{xe ankle ]01nt axis, and references

to theJ.r ‘study may bhe found today in many standard

Desp:.te the recognltlon afforded

' texts' 'and art:.cles.

Barnett, and Napier's -work, the present StUdY ‘does

not lend support to thelr conn.lus:.ons.

’Barnett and Napier examlned ‘the lateral

.

‘and medial- frochlear proflles and found that the

et

o
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lateral- profile was 'almost always an arc of a

/
.Es:.ng’le] circle". uLlle the medlal proflle was

- compounded of t.he arcs of two c1rcles of differing

radll ) Therefore, the lateral proflle had a s:Lngle

axis poz.nt while the medlal profile had two axis

p_o:.nts. _The anterlor one thlrd ‘of the medlal ‘o

'profl'le was- an’ arc of ‘a circle whose radius. was S

.

less than that of the lateral profile whiile the

'posterior two 'thirds of the medi’aﬁ:‘?ﬁﬁ?ﬁ&s’”an

- arc of a;if:}e whose radlus 'was greater than :

e

that of ‘the lateral proflle. ThlS, they cla:L ed,

.resulted in two axes: a downwards and latera;lly /

inclined “doreiflexion‘axm " and a downwards ' nd‘

medlally 1nc11ned "plan%ar flex1on axis." 1In J

examlnlng ‘the trochlea of tall, however, Barnett
and Napler presented no photographs to support -
thelr conclusa_ons. Indeed, the very method by whlch '

the tali were exam:.ned - t&ether By naked eye

.estlmatlon, by photographs or by X- rays - wes not stated.

S

Part of the present 1nvest1~gat10n :

- was a feas:.b111ty study almed at determlnlng

Whether or not a geometrlcal analy51s of the type

performed by Barnett and Napier was possa.ble




- .1mportant 1nherent dlfflcultles Wthh

Thls study revealed sev'ral very 51gn1flcant and

1f not -taken *

1nto con51deratlon, could easily 1qvalldate geometrlcal
conclu51oﬁs. It was. observed for example, that -~
the 1dent1flcatlon of : the true artlcular __3; was
_always dlfflcult when the talus was viewed in proflle

e

In eed what apptared to be the artlcular edge
:-was seen to vary depefiding upon the angle. at

which the taluSMﬁas/iTEwed Thls was espec1ally
 true of the medlal,edge whlch was, always more rounded -

than the lateral In an attempt to solve this problem

‘and define the edges. the trochleag,usedtln.the present

study were treated‘with'oarbon.in order‘tormarh the
higheStrpoints_on'the lateral‘ahd;medial sides. The
: lines sOaproduced'were'then cohsideredfto be the artic:"
;ular‘edges;f/Although such a_decision was_somewhatll
arbitrary, it at least permitted a standard by which
the\tgochleae of dlfferent tall could be compared w1th
each other.- Barnett and Napler made no provmsLon for.
such a standard in their 1nvest1gatlon. s

| Barnett and.Napler descrlbed the medial -
proflle as belng nonc1rcular. They accounted for thlS

by postulatlng that the proflle Qas, instead, composed

-of the arc of two circles. It was .solely upon this
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premlse that they concluded the exzstence of a double‘

ax1s of movement

‘on pulley—shaped cyllnders and cones, however, has

shown that a nonc1rcular proflle does not in itself

neoessarlly 1mply a ‘double axls «of. movement

[

Rather,

it. may 1nd1cate that (a) part of the artlcular edge is

'obllque,-rather than perpendlcular,

B L

to the axis of

movement (Property 2 of cyllnders and cones), {b) the
entxre edge is obllque to the axis or (c) the whoie

estlmate, if done w1th the naked eye, could be an
optlcal 1llu51on" (fig,‘73a) To av01a this latter

=

pltfall the anterlor llmltS of the artlcular edges .*

were E}n-demarcated and photographed (flg 73b)

Remarkably, Barnett and;Na;IEr-dldnelther.of these

twq;pﬁooeduree. In ali but tour'of the thirty-five.
| tali examineg"jh the nresent study the Eosteriof

portion_of the medial articulan

edge was oblique to

the ax1s and- sloped towards the mldllne of the trochlea.

+

The present study also showed ‘that in. each of the

thlrty five tall the Eosterlor po tion of the lateral

-

artlcular edge was obllquélto the yxis of movement and

~sloped-obllquely'towa;deJthe,mldlln. of the trochlea.

o
"

The" present theoretlcal dlssertatlon

- t::'
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Fig.

Fig.

_73a.

73b.

‘To'avbid the above
‘pitfall the true

T - g

r

The anteriop limit of

the medial articular

edge appears to be more
extensive than it
actually is because of
the "comma" shape of the

-medial artlcular

surface.’ 'This gives
the medial articular

edge the fllusion of

appearing elliptical
rather than circular.

-

a -

anterior and pos. posterlor
limits were pin-
demarcated ‘and re-

- photographed. Chord

and perpendicular.

" bisector constriction

reveals that the, true

articular edge is “the

arc of a circle rather
than an’ elllpse.

%
-
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The anterlor portlons of both artlcular edges,

-on the other hand were: always found to be pé/allel tol

each other and arcs of circles and were therefore

—r—

'1perpend1cu1ar to the axis of &ézement It was thus
only the anterlor circular parts of the edges whlch
were marked and used in the present study Barnett
and Napler falled to note this fact and used lnstead_

.the entire edge in thelr- naly51s Since the entlre.

edge appeared Ellptlcal in proflle (as 1n fig. 24a),

.Barnett and Napler concluded that it was composed ‘of

]

, the‘arc of two Cchles

It should be emphaSLzed that Barnctt and
‘Napler s study was nothlng more than a poorly documented
and superf1c1al study of the geometry of the talus.

The ankle 301nt however, is composed of two surfaces

and, 51nce Barnett "and Napler studled only one of

these, the axis they determlned can hardly be considered.

to be that ‘of the ankle ]ant ‘as. they clalmed in
."addition they made no attempt to show whether or not
theigeométrlcal axis was, in fact tﬁb actual ax1s of
.movementLJ‘.'- ‘ ac | o |

| A dlfferent type of experimqpt, supporting

v1ew of two axes of movement, wasi

" Barnett and Napierfs )
performed:by Hicks-in 1953. In a serles ‘of crudely

-

]



| |

performed experiments, based entlrely upon trlal and

error, chks 1nserted a Small splke 1nto the talus

r

A

into. the t1b1a A rod was attached to one splke

d. two p01nters to the other’ splke. After plac1ng

the rod near the supposéd line of the joint axis,

-~

one p01nter was placed near each end’ of .the rod

The poxnters;and rod weré adjusted by trial and error

.tntil'movement_of th%:pointers around the. ends-of' the

od during ankle?movement was at a minimum. The p051tlon

f the rod was\then assumed to represent the p051t10n
l -

of -the ankle jOlnt axes. Be51des being 1nserted 1nto

b ne, however, the splkes also plerced skln, fascia

N\
1 .
ard musclel Moyement of these tissues, even when the

bone rema%ned/stationary, caused spike and rod

.mo ement and therefore Tesultcd in gross 1naccuracy

the

It|is thus obvious that Hicks' experlments reflect

MO‘e the nature of the muscles and other transfixed

tis

experiments were performed upon undissected ankles:

—

The |nature and degrée of the-movement permltted in

suc ankles is only a matter of a few degree&.‘ It is
surprising that chks claimed accuracy to within 1 cm.

in pjlacing the axes!. o _ //

ﬁé than the nature of the joint.itself. In addition. -




T

3 N

- =141~

Isman and Inman (1969) conducted a’ study

of the ankle JOJ.nt axis involv:.ng a method smlrlar
“to 'that used in the dxnam:.c method of the pr'e'sen’t
' -inve-'st'iga 'o.n‘._ They obeerved ._the- leteral and
medlal 51des of the talus under cross harrs durlng
srmulated plan?tar and dors:.flexron and located -
a, p01nt of Ir'uhlmum rotation on each s:Lde A hole‘ C

was then drllled between the lateral and médlal

1

-

points of minimum rctatlon, and a steel pin was
J.nserted through the hole The steel pin thus
represented the ay:Ls of ‘the ankle ]omt. Isman

i

‘and Inman' conclud z that "The measurements obtalned
I

from this sa'mpie icate that the talocrural
Lanklel ... jOlntS an be con51dered srngle a'y.is
jclnts for purposes f bracing ‘...“i They"did not
however M whether or not the ane pomts were,
-

; in fact, points of mlnlmum rotatlon' The p_resent | |
study, on the qther hand, .confirmed by c1nematography _
land radlography that the estlmated axis, points: » -

Were J.ndeed the p01nts ‘of no rotatlon and that a '

S tatlonary axis exlsted

In addltlon Isman ,and Inman s study reflected
the nature of only the articulating surfagies of the

-
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]Olnt since they had pre\rlously removed all surroundtng;

tissues. ‘The present study, on the other hand kept .

'capsular and’ lz.gamentous structures lntact as far

as poss:.ble, only those small portlons of the llgaments

,and capsules whlch restricted observatlon of the talar

-

pins. were resected _ The results of the present study
therefore reflect not only the nature of the arth-

ulatlng surfaces, but also the relatn.onshlp of axis

o

-points to capsular and llgamentous structures The

capsule and ligaments were also allowed to llmlt the
extremes of movement as they do under normal
c1rcumstances. o s
.~ . 1In thelr‘results Isman and Inman. attempted
to establlsh the locatlon of the ankle j’Olnt axis in
relat;.on to anatomlcal landmarks. . Some o"f‘ the .

landmarks used by these authors were: the dlstal

tip of the lateral malleolus, the most lateral’ pmnt of .
. 'the lateral malleolus, the’ dlstal tip of the medlal

"m.,alleolus, and the most medlal pomt of the medlal

\“?nalleolus. The present study revealed that it was

not practlcal to measure the dlstance from the ankle-

joint -axis ‘to such anatomical landma_rks b_ecause the
location of such 'land'marks'was'found to yary' !

- . ) ] : . . ’

’
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tremendously frorn ankle to ankle. It did, however,"

\

reveal constant relatlonshlps to the ankle llgaments\
(fig. 74a.and b). and the talus, through whlch the
a}ClS always passed (flg. 74c) .

In a klnematlc study of cmeroentgenograms

;1n 11v1ng subjects Sammarco Bursteln and Frankel

1973) concluded that a series o{F lnstantaneous

centers of rotation ex1sted durlng rﬂovement of the

‘._.ankle joint. Thelr study consisted of geometrlcal

draw:.ngs made directly upon X- ray fllms Fr_om their

complex drawings Sammarco,. Bu stein and Frankel

‘arrlved at a different pcurt of no rotat:.on for each

p051tlon of the joint durlng the normal range. of

¢

movement. , These points of no rotation, con51dered

- together, constltuted a serles of lnstantaneous

centers of rotatlon The accuracy of thelr draw1ngs .

and measurements, however, is ¢ estlonable since they

_were performed dlrectly on. X-rays Two dlmens:Lonal

’T

- X- rays of. J:hree dlmensn.onal mov1ng }.ob_jects are extremely

dlfflcult to work w:.ﬁh‘ s:mce there are always problems’

| ' not
of . parfallax and J.mage magnlflcatlon Often it is

I
known exactly whlch plane of’ the ankle is. being examlned

unless a tomogram is performed. . M‘SO' accordlng to

the. theoretlcal c'n51deratlons of the present geometrlcal .

7]
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 Fig. 74a. Lateral aspect of a left
: ankle (arkle.number' 7 of .
dynamié¢ study) showing - A
constant relationships . "
- of the axis (arrow) tosthe '
.lateral 1igament-and‘§o, a
the lateral mhalleolus? .
The axis was alwayzﬂ;ﬁcated
anteriorly to the alcaneo~-
~~fibular ligament (ef),
posteriorly. to the anterior
talofibular, ligament (atf).
" and levél with the tip of
- the lateral malleolus (dm) .

"Fig. 74b. Medial aspect of a -left
" ankle (number 7 of dynamic -
study) showing constant
relationships of the axis >
: (arrow)., to the deltoid .
. igament and to the medial .-
?’~§alleolus. 'The relationship -
, Of the axis to'thg anterior
fibers of the deltaid . :
ligament (adl) and to - the
- Posterior fibers of the -
deltoid ligament (pdl) is .
~ -evident. The axis.is -
- located well below the tip
of the medial malleolus (mm).

Fig. 74c. Superior aspect of foot
- with-a;is rod in place.

B T
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1nvest1gatlon, 1t is clear that accurate tomo-— ‘ ‘ | | : /f'

,- graphlcal measur@ents could be perf_o.h-)med only if

/
t_he tomograms were made perpendlcular to- the ax14

" of movement! This typ//of- 1nvestlgatlon is as full

of pltfalls as normal geometrlcal estlmatlons

( . Y The present 1nv.eetlgat1'on.has -therefore '
'exa'mined the ahkle jo:i,nt from two poi:{ts of {riew,‘

‘the Erlnca.gal of which was a dynamic method. Such'
a method offered the advantages of c0/151der1.ng the

| dynamic nature of both surfaces of the ankle ]Olnt.

In adda.tlon, such a study reflected tl;e nature and

function of the capsule and* llgaments in the jomt '.

in their control of movement. 'I‘he axis pornts
detérmlned by the dynamic’ method w-ere then conflrmed’
both by 01nematography and by radlography Cinemay -
tography demonstrated that the lateral and medlal/;.XlS
.p01nts_ in. each ankle.h‘ad in fact, remalned sta lonary
during plantar and dorsiflexibn.' Anteropost'er idr
-rays of the ankle jOlnt axis in both plantar and
'dor51flex10n confﬁ'med that the axis’ retamed its
stabiln.ty throughout movement. The use of cinema-
-..tOgraphy and radlography thus. presented onclusive

-

proof of the ex:.stence of a single, fixed axls of

/
I

4’/ .
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was that of statJ.c geometr:.cal analys:Ls
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movement at 'the "ankle.‘join't

A secondary method " used 1n the present study

Such a method
was not theoretlcally thought to be 1deal and a

feas:.blllty study of such an analys:.s was flrst

performed. With drawbacks and J.deas clear in m:Lnd
. - '
the trochlea tall and the correspondlng tlbloflbular

mort:.ées of the ankles ‘used in the " dynamc study were °

Y

then studied geometrlcally The pOSlthnS of the axis -

-

oo:.nts obtalned from the’ geometrlcal study were then ot

comoared w1th thqse obtalned from the dynamlc studv to

see if any correlatlon existed between the two It was

'noted that a good correlatlon eylsted for the lateral

.

-axis pOJ.nt the everage dlfference between the points-

ootalned by the two met\ods belng 1. 7 mm., A soﬁewhat

larger dlfference of 4. 4 mm was meaiured OWM; -

side o‘f the ankles.

Geometri-cal‘analysis,' however, was not the

principal ‘method used in the present investigaticn;

because of its inherent limitatit?ns'. -The - rounded

-éppearance of 'the me‘dial articular edge and’the double-.

. edged lateral prof:.le nece551tated marklnq the artlcular

edges with carbon. Because orf "he wgsloplng

.
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A posterlpr portlons of these edges only the short N

- Y
Such short dellneated portions of the edges were

studled geometrlcally Where the extent of the pin-~
dernarcated carbon arc was long énough to permit
ecourate cons.tructloh “of_chords and perpendl‘cular
'bj,sea:"tors, a farrly aeourate estimatioh of the axis
point could be expected. However,. where the p:.n-
demarceted carbon ‘er.c was‘___shor.t, ‘as. in the tibio-

.,fibuler mold of ankl_e'numbér .fourteen (see Table IV),

" an accurate estimation was not poseible.' In two- tal:j.,i ,/"/‘
: moreover, ‘the 1ength of the lateral ‘carbon arc was
further reduced because the articular .cb:artllageg of
¢ a portlon of ‘the carbon arc’was’ reroded. . The accuracy’

of us:\.ng geometry to determlne axis polnts therefore

also varled dlrectly wn.th the . length of the carbon arc T e

belng analyzed., ‘ I I
; A further. source of error 1nvolved ‘the ver'y .
8 - orlentatlon of ‘the talus’ or mold durrng the photographing

of the artlcular edges. Tlltlng of the talus or mold

. cou‘lci to some---extent, affect the appearance af the .'

1

carbon llne from whlch measurements were to be made

This could therefore affect the values obtalned for
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the radii of the' varticular edges. X

'
u

It das because of. all of the- -above llmttatlons\ ../

n

of the gbometrical method that the dynamlc method was
'the pr1nc1pal one used 1h the present 1nvest1gat10n Q-
Tak,lng into account ll of ‘the abO\‘re 11m1tatlons it
is, nevertheless, ren arkable that the average dlStanCE
between the lateral geometrlc axxs pmnts and’ the
latera_l dxnanuc axis points was _only 1.7 mm.. (see

“

Tablé' V) ~-"the size of a mere pin he‘éd ThlS dlstance .
was igreater for the media'l-' Sice (4. J'mm. - two and one
h lf 1n head dj meters becau'se thi medial-artic 'lar
alf p ia ) articylar
edge was much more rounded and legs!distinct than: the

lateral artlcular edge. Therefore ven aftef treatlng :

£ medlal edge w:.th carbon 1¥'ave nevertheless, a

more 1naccurate geométndal estlmat,Lon than did the

lat/al edge. . . ,
) D L . s .

Y AT £ must be concluded the c,fort: that a tiﬁlz :

K accurate determlnatlon of the ankl ’9301nt axis ‘can

R P |

be Obtalned only by the X anic me hod as used in the

present study Such a method de'no stitatednconcluslvely

'that a 51ngle. fixed ax1s ex:.sted in the arlkle jOlnt

" “This ax:Ls was herzontal but obl:g “to the _c_ol:gn_;i_];.

",;Elane, the obllqu1ty belng from arw to

posterolateral as.pects of the ankle. _Meaeur,ement of - ..
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angles of obliguity of the axis to thé ‘coronal pland

~ were deemed, both imprécti‘cal ar'ui inaécu,rate. Tiw‘ B C—

axis W'/s Rot t, from any pgactlcal pOlnt]Mlcw, Found !

s *-t:onbe vertL\cally obllque. ~The lateralyaxis Qomt was

!

level ‘with the tip of the lateral malleolus, and the
a ~
medial axis p01nt was well-below the tlp of the medlai

malleolus. A constant.relatlonshlp of the axis
to the ligaments of the ankle was the ‘most importanf

“unctlonal relatlonshlp 51nce tension in varlous"

~

oarts of the llgamert depends upon the qultlon and

stablllty of the ax}s. -

\ S SR
} ' A‘ - ‘
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‘scobpe.

'_through the hole AnteroPOSte’:lor K-rdgs of each

-150- ..

- SUMMARY )

1. o - A dynamic study was the prlnc;%al method

. used ln the present lnvestlgatlon to determlne the S

‘ankle jOlnt 4xis. Fifteen cadaver ankles were used

L]

in the' study.

2. T;r\e subtalar jo::nt of' each ankle was im-

-'moblllzed with screws, and the lateral and medlal

;Sldes of each ankle were carefully dlssected leaving ‘

r-—-l

capsular and llgamentous structures 1nt*act Malleoclar

referenCe plns and talar pins were 1nserted 1nLo the

y
‘ateral and medlal sides of each an}fle, and the axis

»

point on each sxde was estlmated by naked eye

: observations a{d w1th the ald of a dlssectmg micro-

a-

—

S3 e The 'estimated’ axis points ‘were tndn checked
" by filming each side of the ankle durmg a normal range

- of s.unulated movement. . Every Lortleth frame was

Drlnted and enlarged, and the gxis points were then

checked by locating the talar Pln which _remalncd

‘ statlonar}r in each prlnt ' B i

40 A hole was drllled between each 1ateral -

and 'nedlal axis p01nt, and a metal rod was passed

a1

’
]




'and the two x rays were superlmposed J-pon each

_the feas:Lbll:Lty of preVJ.ous ty_}ges of geometrlcal

' was evolv,ed. Geometrlcal descrlptlons of varlous

L o -151- . SR

: ankle were taken both ‘in plé.ntar and dorsiflexion,

PN

other to check the stability of the a)(ls durlng--

movement.

5. - The geometrical properties of cylinders and

A

cones weré discussed 4in detail in orden"to.analyze

studles, and a refmed statlc method of ana1y51s

£heoretical types of trochleae were subsequentlj

”formulated

6. Ajf%SJ.bllkl study was perfo;med on twentj

o

i randonly selected tall in order 'to determine whether

or not ang of ‘the prev;ous theoretlcal geometrlcal

descrlotlons had real counterperts It was found tha\_

:the only theoretlcal descrlptlons whlch had counter-

"Darts in t present serles were: cyllndrlcal

| Dulley shaped trochleae with c1rcular and E rallel. bases |

and conlcal pulley-shaped trochleae with circular and’

; parallel bases and truncated ends .

-

O—
were _disartiéu,lated, and, a Pla-Stef mold’ of e"Ch t“’l .

fibular#rtice wés;‘ made. The reflneo Stath met thod

¥ -l.ethdd‘
7. The flﬁsien ank}es used in the’ rijnam;c m &
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4

‘of geometrlcal analys:Ls was then applled to the

‘ ‘lfteen tali and correspondlng molds in ordcr to
determlne ‘whether or not the -geometrlcal' azis of
the trbchlea was, ‘in fact ) We axis of movement of

the ankle jcnnt ' S 0" .

g. .' . A good correlatlon was obtalped for thr.
lateral axis po:mts determined by. each of the tv

- method‘s " A Falrly good cczrrelatlon was also "rurf"
for the medial axis, points calculate'd y c-ac:h Aof the

3]

WO methods, but th:.s was less than that iovnd on the

léteral s:.des., Tn:.s was because the "‘s!;'.dld.l artlmzm
J ‘ . a

‘edge di_d not lend itself to geometricél .analy:—sis

as ea51ly as the lateral edge..

3. . The drawbacks of the geometrmal method

were cii'scussed, and _the advantaqe-s 0f the ‘cyr.a."‘i"';

v
'
~

=ethod were noted. It Was concluded that

,accurate determination of the ankle joinf axiz 2o5.s
. '._,_, . - ; ! + 1 - '.y LA L r::
. -be-Sntained only.by the ‘dynamic me .oc-_ ;;.:;_:;..1_ 8
.‘\ ', N . . o . ] “ ) ' -
ceonetric method did, howe r,. shrow that Lre/lo.iz
"éof".e‘.:rical"ldescriptic‘ms and analyces wWere 1nE°% STEnE
s and poo*‘lv cbncelved g .
\ 10, : It“was t.us ﬁo':c‘l.zdef'_that & f_,_.;_::_{: A

»

&
3
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horlzontal but obligue to the eofonal plane, ?'the‘ - , )

obllqulty belng from anteromedlal to E’SterOlateral L e

sgects of thebkle. Measurement of angles of

‘obllqulty of the axis to the coronal plane were deem
bdﬁ:‘h J.mpractlcal and’ ln.gccurate. The amee_s/n
_Erom any practlcal pourt of view, found to be,

vertlcally obllque. The lateral axls po:Lnt was level

'w1th the tip of the lateral rnalleolus, and the med:.al

" axis .pOJ.nt was well below the tip of.the medial - . ;
- y [N

malleolus A constant relatlonshlp of the axis to the
ma_.-co-v= constall~

llgaments of the ankle was the most 1mportant functlonal‘

‘relatlonshlp since tens:.on in varmﬁ/parte of the

llgaments depends upon the p051t10n and tabllitx of

[N

the ax1s

\¥
N
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‘ and medial surfaces of - the ta11 and malleoll, and-each

.aXlS« For each ankle a SLngle flxed aX1s was found

'Thls axis was horlzoptal but W

ABSTRACT
' JJ ?
"Two me thods cf-dnalysisg;ere-employed in

A

'[“determ;nlng the axis of the ankle jOlnt. The
_prlnClpal method was a. dxn ic one 1nvolv1ng
‘observatron and £ilming. of cadaver ankleS'durlng
-plantar and'dchiflexLonl_ Fourteen embalmed legs
_and one freshly amputated leg were dlssected SO that

.%nly the capsule and. llgaments of the ankle joxntl

remalned Plns were lnserted into the exposed lateral"

,ankle was fllmed during 51mulated plantar and dor51—-

o

flex10n. The f11m was examlned, and a- s1ncle

' statlonary axls poxnt was fouﬁd on. each Flde of the = --

talus for all fifteen ankles.‘ A hole was drilled

“between the lateral and medlal axis p01nts, and a

P T

metal rod was 1nserted_through the hole tc ;epresent

' the axis.. Radlography of the ankles in plantar and

dor51flex1on waé?used to conflrm the stablllty of the_
| 7
g

as obllque to the coronal

plane,:the obllqulty belng from the anteromedlal to the

posterdlateral}aspect of the ankle. The lateral

"N




+ T . . ‘-

axis point was level Wlth the tlp of the 1ateral

malleqlds,Aand ‘the medlal axis p01nt was well helow
the tip of the medial malleolus.
ﬁ . N .

‘axis p01nts 1n relatlon to the 1atetal and med1a1
i

llgaments was noted, and the functional 1mportance-

The pOSltlon of the

of thlS p051tlon was dlscussed ; o e . : T

1nvolv1ng geometrlcal analysms of both the alus and -
L]

d
the tlbloflbular mortlce ‘A fea51b111ty study was

performed on, twenty randomly Selected tall ln order

. to determlne whethg§>or nod’a geometrlcal study of the

talus was 90551ble It was- concluded that “such ‘a

study was stSLble Both artlculatlng surfaces of the

flfteen ankles used in thz dynamlc method were
o

then analyzed geometrlcally ' Lateral and medlal
~ 7
geometrlc axis p01nts,were found for each of. these

( Tl
. flfteen tall, and thelr~locatlons were compared
W1th the locatlon of the lateral and medlal axls‘_
DOlntS determlned by the dynamlc method. . good : \ /:

correlatlon-was found between the pOSlthﬂS of- the

lateral geometrlc and dynamlc axls pOLnts The -

correlatlon'was not qulte ‘as’ good on the medlal Slde. S .
Plaster molds of the flfteen tlbloflbular mortlces were.

'“made‘and were analyzed in the same way as_ thelr ~

. % S S



- - ! ' r « * ’ B - - ..v' ”
. . " Lo . PR f .
. _ o \\, " B N
. g ' - ) ’ A R ..
Yoo = AR Yo
\"zq ' ' “ - .".
- R R
| e . . .. v o B ~
.correeponding_tall. Results obtained from. each-

- mold analyszs were. compared w1th those from analy51s

b
.
-
l\
.
' -
o
-
¢
'
.
- -
.
\
P
Ja
1
-0

A" - . "l - , v
-+ - .
. 4
L]
. - - * <
. - rﬁ ol
- \ ~
' - . -
- . N 1 -
N - - e :
- e
- “« !
. -
¢ . .o ' .
- * K
* ) . -
T, ¢ ) ’
o . T i :
' . . N \' N .
. . '
3 . E : ' . .
.y L . ) . A At
. L. .- - . U e o
- - Y B ' ’ ' " N : -
l_ N - - - - f . ¢ o
} A e ' ’ K —
i P .. s o ’
T . - r b ot . o, - ot L
s 5 - Y .
. . - .
. o - o . ! . B -
. ’ . ‘ .
i 'q . . : . :
. . - . !
, . ' gt ’ [ 3 ! ) - : 4 .
. [ f —— .
- - —er—— T
- A - { . e . . -
' ¢ L - | - ' ’
= < i . o S ’ . -
- = [ o ¢ ) T
- . M - L] Fe o v
lJ‘ ':_ *’ \ B R o t .
s . - : -
; . w i/ . o - o - &
; o 3 [ . ' ) -
o " L. . - - - P .
} » ~ " - Y +
- . - ." ) 3 ! -
. . . o
Y . v
P . . v ‘ ’ -
S . . : W - . v
i - ' 5‘! [ . -
. . . o \
. - A . PR BN .. :
- . . N oot b4 .
. . . . : ‘ L
. B . . - . \
N * - - b ‘ i
N ) : N . - . . . -
L Y s . [t - . - - -
[ ‘. e . co . ! . L
L . . Lo, . ! :
. . S B

" -

of thelr correspondlng talus. It was found that the

two %Etlculatlng surfacss of the ankﬂe ]Olnt were
both clrcular and’ Qongruent and thus fulfllled

e S i ' .

the ccndltlons necessary for a 51ngle flxed ankle:’w

L - g‘.tov . °

301nt axls : .






