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Chapter 1
INTRODUCTION AND OBJECT

Interest in ligament instability of the knee joint has been on the increase
throughout this century. An explanation may be the increasing number of
ligoment injuries in modern industricl society, due to occidents at work,
in the troffic, ond during sports performances. Bircher (1933) stoted that
athletic injuries constituted the largest single group in his material, 20
out of 84 surgicolly confirmed cruciate ligament injuries, or 24%, Palmer
(1938) reported M% of 58 operated ligament injuries, Jonash (1958) 32%,
Solonen ond Rokkanen (1947) 24%, Liljeddhl and Nordstrand (1969) 62%, Gill-
quist (1971) 79%, Gillquist et al. (1%71) 84%, ond Alm {1974) 90%. How-
ever, epidemiclogical or incidence studies are mot on record.

So far, the assessment of instability in the knee joint has been based
predominontly on clinical findings. For scientific reasons it would be od-
vantogeous to be dbhle to measure the stobility of the joint in physical units,
In that case, the effect of a therapeutic method could be evaluated by sta-
bility measurements before ond ofter the treatment,

The object of the present studies was to develop o method for reliable
measyrement of ligament stability in the knee joint. Measurements on rodio-
grophs before and after opplicoticon of differently directed troction ond
pressure octions upon the joint have proved suited. On the films it is pos-
sible to measure directly o change in the distance between the articular
bones, represented by further defined landmarks os o measure of stobility eor
instability. Rodiolegical meosurement obviotes on incalculdable inaccurocy
due to the shift of soft tissues when o measuring cpparatus is fostened ex-
ternally on the joint. The method of Kennedy and Fowler (1971) could be
elaborated so that to the criginal meosurement of anterior ond mediol in-
stability it was possible to odd posterior ond loteral os well os various
forms of rotatory instability. Therefore, this was the method selected ond de-

signated by the present outhor, in its extended form, "gonyloxometry", viz.
measurement of knee laxity.

The present investigations’ were carried out to extend these outhors'
method to the measyrement of instobility in known units, mm, for reseorch
purposes and to ossess the relicbility of the method. This required exam-
inations of normal persons os well as of o series of patients with knee

ligament injuries confirmed surgically after the meagsurement,
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In this connection it was endeavoured olso to assess the value of the
opparotus as a diognostic oid for clinical use.

For eloborating the method it was necessary to arrive at o more accu-
rote measuring technique on the X-ray films. To this end, onatomicel and
radio-anatomical investigations were corried out te fix the laondmarks., In
this connection the areo intercordylaris tibice was subjected to particu-
lar study. Suited ongles of knee flexion ond suited projections hod to be
selected. Varicus positions of rotaotion of the foot were used to elucidate
the influence of such positions in examining the knee joint. Lastly, me-
thods were developed for colculating the conversion of the distances reod
from the films into displocement or rotation during voricus actions upon
the joint.

It was endeavoured also to elucidate a possible relationship between

given troumatic mechanisms ond instdbility potterns.
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Chapter 2

METHODS FOR ASSESSING LIGAMENT
INSTABILITY OF THE KNEE JOINT

Historical Development ond Present Status on the Basis of the Literature

A ke e e - 0 St e S ke i ey e e e . . = e o

2 a: Clinicol Evaluation of Instobility

Injuries to the cruciate ligoments were first described by Stork (1850), ond
about the turn of the century they were still considered extremely rare

(Fick 1904, 1911). Insufficiency of the collateral ligaments, as of the cru-
ciote ligaments, was studied by cutting experiments on humon codavers by
Weber and Weber (1834). These latter authors mentioned lateral (vorus) omd
medial {valgus) instability, but mot the drawer sign. Goetjes (1913) men-
tioned sogittol instobility ond Felsenreich (1934) the drawer sign, but
attached less importance to it than to instability in the frontal plaone

(varus/valgus), elso in injuries to the cruciote ligaments. Bircher {1933)
used the terms medial ond lateral instability as well as drower sign, as de-
scribed below, in his mcterial of B4 cases with rupture of the cruciate ligo-
ments among 831 arthrotomies on the knee joint. The most thorough review

of the literature and study of a major patient matericl so far we owe to
Palmer (1938). He described %the clinical symptoms and signs of ligament in-
juries, supplemented by studies on humon codavers, ond it is his description
of mediol and lateral instcbility and the drawer sign which forms the basis
of the following account.

Instability in the frontal plone, meoning instability ot db- or od-
duction+) is evalyated on the slightly flexed knee, In this position the
cruciate ligaments ond the posterior articular copsule are so lax that on
isclated injury to o colloteral ligament is demonstroble, os reproduced ex-
perimentally on cadavers by Palmer (1938) ond Hallén ond Lindchl {1945 o).
Major instability in o slightly flexed knee indicates associated injury to
the cruciate ligoments and posterior knee capsule, while instability found
in o fully extended knee is definite evidence of associated injury to these
structures, as demonstrated experimentally by the some authors. Clinically,
the instobility con be measured only opproximately with o goniometer, ond
only under gererol anaesthesia, os the instobility is normally demonstrated
instontoneously becouse a pain reoction immediately mckes the knee return

to the nevtral position.

+) For more accurate definitions, cf. Chapter 5.
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An anterior drawer sign without simultoneous rotation of the knee jeint
(cf. definitions in Chopter 5) cannot be induced in cases of isolated collot-~
eral ligoment injury (Palmer 1938). This requires on injury to the onterioer
cruciate ligament, ACL, but not necessarily to the collateral ligaments. A
posterior drower sign {tibilo ir relation to the femur) is observed in in-
juries to the posterior cruciate ligament, PCL, but does not necessorily
presuppose injury to the collateral ligaments or the posterior knee copsule
(Palmer 1938). This investigation is done with the knee in 90° flexion. When
externded the knee joint is stable even in the presence of isolated destrue-
tion of both cruciate ligoments, cf. codaver experiments on humon knee joints
by Weber ond Weber (1834) ond Palmer (1938). The drawer sign increases with
increasing destruction of the collateral ligaments (Palmer 1938).

Several authors have tried to grode the drawer sign clinically frem
0, +, +, to +++ (0'Donoghue 1963} or +++ (Kettelkomp and Thempson 1975 ,
Hughston et al. 1978, Marshall et al. 1%77). The examiner uses his finger
thickness, possibly a tape measure, ond comparison with the patient's good
knee in the assessment.

Investigation of rotation on on axis in the longitudinal direction
of the tibia in knees with intoct ligaments was first performed on human
cadavers by a Done (Winslow 1719) ond later by Weber and Weber (1834),

Fick (1911), Brantigan ond Voshell (1941), Hollén ond Lindohl (1945 b), while
normal rotation in living subjects hos been studied by Meyer (1853), Ross
(1932), and Ruetsch and Morscher (1977). Abnormal rotation giving rise to
symptoms did nmot attroct clinical attention until o late date.

Slocum and Larson (1948} have suggested a clinical test for demonstrat-
ing external rototory instdbility of the tibio in relation to the femur,
due to injury to the medial collateral ligaments. Provided that the lotercl
ligomentous structures ore intact, the clinical rototory instability test
is deemed positive when the tibia can be pulled forward with the "foot ond
lower leg" in 15° externol rotation. The knee joint is in 90° flexion.

The presupposed lateral stability is first investigoted, also clinically.

It is to monifest itself in o stoble knee joint on forword sogittal troc-
tion with the foot ond lower leg in 30° internal rotation. Nicholas {1973 o}
extended the instability definitions, defining initiolly simple instability
os instability in one plane ond complex instability as instobility in two or
more plones at the some time. This must be tdken to mean that mediol ond
lateral instability, i.e. dbduction and adduction instebility respectively,

ond drower signs into a purely sogittol directiom represent simple instar-
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ility, but when combined or associoted with simultaneous dbnormol rotation
they are types of complex instability. Nicholas has tdken particular inter-
est in rotation combired with drower signs (Fig. 1). The examination is
corried out clinically, with the knee flexed 20° - 30°. According to this
definition, complex onteromedial instability means abnormaol forword movement
(on troction) of both tibial condyles in relation to the respective femoral
condyles plus a difference in the forward movement, the medial condyle mov-
ing more thon the lateral one. In other words, there occurs a forword dis-
plocement plus on external rototion (supination) of the tibia. Complex on-
terolateral instability represents dbnormal displocement forword, the lat-
eral condyle moving more thon the medial one, an internal rotation (prena-
tion) thus being odded. Posteraomedial ond posterolateral complex instability
is defined as dbnormal bockward displocement of both tibigl condyles plus
(1) greater displocement of the medial condyle ard

(2} greater displacement of the lateral tibial condyle

respectively.

Trickey (1977) has defined onteromedial instability as o combined me-
dial instability ond external rotation in 30° flexion of the knee. This was
demonstrated on formalin-fixed preparations with cut medicl ligaments and
intoct cruciate ligaments.

Trickey's anteroloteral instability consists in forward displaocement

of the loterol tibial condyle causing internal rotatiom and ceccurs, occord-
ing to Trickey, when the ACL and possibly the posterolateral copsule are
cut.

Hughston et al, (1976 I and II) chose another classification: a:
Drawer sign im neutrol position, "straight onterior or posterior instob-
ility", b: drawer sign with knee ond foot in external rotation, c: drower
sign with knee and foot in internal rotation, and d: simple medial and lot-
eral instdbility "stroight dbduction or odduction instability™.

Most recently, onterior displocement of the lateral tibial plateou
hos attrocted interest (Kenmedy ond Swan 1972, Slocum et al. 1974, Losee
et al. 1978, Kennedy et al. 1978). This displocement, alsoc called antero-
lateral rotatory instdbility by the named authors, has been found in all
the materials in patients having injury to the ACL and rupture, scarring,
or laxity of the posterolateral copsule. This is in exact occordonce with
the investigations of Trickey (1977). Several clinical tests hove been
suggested for demonstroting this instobility, oll characterized by the
tibia, while in pesiticn between full extension of the knee and 30° flexion,
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COMPLEX ROTATORY INSTABILITY

LAT.

A ’ FIBULA

FEMUR
RIGHT KNEE IN NEUTRAL POSITION

|

1

i
ANTERD—MEDIAL ANTERO-LATERAL

POSTERC—MEDIAL POSTERO—-LATERAL

Figure 1: Complex rotatory instobility in occordonce with the present aythor'
definitions (from (4) Acto orthop. scond. 4% 195-204,1978): Right
knee viewed from dbove in $0° flexion. Tibia indicated by solid lines. The
chonging centres of rotation in injured knees are in foct unknown. External
rotation is present in anteromedicl and posterolateral complex rotetery in-
stability. Internal rototion in onteroloteral and posteromedial complex rot-
otion. Note o simultonecus drawer sign in the four pathological situatlons.
The figure has been modified from J.A.Nicholas: J.Bone Joint Surg. 35 A,
July 1973, 899-922, Figure 3, with the author's kind permission.  The figure
reflected that Nicholas performs his exomination (and makes his definitions)
on the basis of a knee in 207 flexion.
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being displaced forward and rotated inwoards, ond thereofter reduced with an
cudible click. The positioning of the patient ond the examiner's manipula-
tions differ scmewhat, but the principle is identical in all the tests: The
"MacIntosh pivot shift symptom", Galway et al.(1972},Slocum et al.{1976),
the "Jerk test" (Hughston et al. 1978), Losee's test (Losee et al. 1978).
The mechanism is a sliding of the lateral femoral condyle upwords, over the
pesterior horn of the loteral meniscus, M, when the laterol tibial plateou
is disploced forward and a reduction with on audible click or - if the
meniscus hos alreody been destroyed or removed - a jumping movement of the
femoral condyle over the laterol tubercle. The phenomenon and the nomed
mechanisms were described as early as 1938 by Palmer who also described the
sequel to spontaneous displucement in the form of osteochondral froctures
of the lateral tubercle. Hyperextension of the knee joint as a sign of rup-
ture of the cruciate ligaments and posterior copsule were alse described by
Palmer {1938), and in Stark's apinion (1850) it was the most importaont
sign.

2 b: Instrumental Measurement of Knee Stability

Measurements on preparotions of human knee joints were carried out early, by
Weber ond Weber (1834) who used a compass in order to odjust the initial posi-
tion (compass north pole) and read the various excursions in degrees. A

metol wire inmtroduced inte the tibial tuberosity served as a pointer. Branti-
gon and Voshell (1941) and Hdlén and Lindohl (1945 o, b) have used similar
methods, fixing devices direct im bony tissue of human knee preparations, so
thot the measurements could be rendered quite exoct.

The Weber brothers also measyred knee flexion ard extension in two
living persons (Weber ond Weber 1834). Meyer (1853) was the first to measure
rotation in the knees of living normal persons. His experimental design was
simple, with an indicator fixed to the scle, external fixation of the femur,
and immobilizaotion of the ankle joint by stropping. Ross {1932) wused o
pointer fixed with plaster to the mallecli, wherewos Ruetsch and Morscher
{1977) employed a metal rod indicator fixed with on elostic bandage on the
skin over the proximal part of the medial tibial surface. All three studies
were rotation measurements on knees in 90° Flexion in normol living persons

by meons of grading scales beneath the soles.
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More odvonced instrumental measurement of ligoment instability in the
knee joint in vive has not come into use until the past few decades. A dis-
tinction may be made between measurement by externally fastened apparatus,

viz. external measurement, and rodiclogical measurement.

2 b 2: External meosurement of knee instability in vivo may be by: (1)

various forms of goniometry, (2) measurement of anteroposterior displocement
in mm, (3) o combination of these two methods, and (4) photographic metheds,

2 b 2.1: Goniometry, by opparatus fastened externally on the limb for meas-
uring medial and lateral knee stability in vive was first mentioned by Klein
{1942). His opparatus consisted of metal cases for the lewer leg and thigh
with a mechanicol joint and groding scale at the level of the knee. It was
intended exclusively for measuring medial and lateral instability on extended
knees. A method for measurement on 10° flexed knees was described by Kalendk
and Morehouse (1975). Kittleson et al. {1947) developed on opparctus very
similar to Klein's (1962), but which permitted flexion of the knee in meos-
uring the medial and loterol instability. Moreover, it could measure a pos-

sible drower sign.

Electrogoniometry has been used for measuring excursions in the sog-

ittal plane ond for megsuring rototion during normal persons' walking by
Kettelkanp et ol (1970) ond Lamoreux (1971) ond for the measurement of medial
and laoterol instability by Lowe ondSaunders (1977). All have used grophic
analysis, the measurement being tronsmitted to curve shope by a potentio-

meter device.

2 b 2.2: External measurement of the drower sign has been described by Sylvin

(1975}, This method hos been developed to measuring exclusively sogittal in
stability in the 90° flexed knee joint in mm, ond the force is not reproduc-
ible or measuroble, as the troction on the tibia is manual. It has been
attempted to eliminate these inoccurocies by repeating eoch measurement five
times and calculoting the meon. A similor method hos been employed by
Tillberg {1977).

2b 2.3: Morkolf et al. (1978) designed on opporatus combining electrogonie
metric measurement of mediol ond loterol instobility with elecirically re-
corded anteroposterior stability, with the knee in 90° flexion, in full ex-
tension, ond in 20° flexion. The action upon the lower limb is monual, but

an interposed dynamometer continuously measures its force which is olsc re-

corded electrically inm a curve,
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2b 2.4: Photogrgphic methexds have been used by Levens et al. (1948) ond by
Sprague and Asprey (1945). The former drilled metal wires into the subject's
bones, which presumably will restrict the use of this method. The lotter
troced lines on the films from skin marks and performed goniometry. Owing
to the shift of the soft tissues, this marking cannot be assumed to give par-
ticulorly accurote measurements, reflected indeed in a low correlation co-

efficient in a test/retest study of healthy subjects.

2b 3.1: Radiclogical demonstration of medial ond lateral instcbility and of
the drawer sign was published first by Kirchmayer (1920, of medicl and loter-
ol instcbility by Palmer (1938), ond of the drawer sign by Bdhler (1943).
Jonash (1958, 1948) refimed ond standardized the technigue by exposures of
cbduction and odduction instobility., All these authors used in vivo exposures,
Martin (1940}, in his studies on human knee preparotions, clearly defined his
measuring method of medial instdbility, measuring on the X-ray film the "clear
space" between the condyles 5 mm from the mediol tibial margin. In his in
_vivo studies he used general onoesthesia or spinal oncesthesia to obtoin com-
plete relaxation of the muscles in the offected leg. Roser et al. (1%71)

did their measurements in the some way, but 1 cm from the medicl margin in
measuring medial instebility and 1 em from the outermost edge of the lateral
condyle in measuring lateral instability in athletes. Nyga (1970) used monuval
traction for measuring anterior displocement and o double exposure - first
without and then with troction. Finally, there is reason to mention an ana-
lysis by Wirth ond Artmonn (1974} done to elucidate the rolling-sliding move-
ment of the condyles in knee joints with ond without ACL. They utilized
Fisher's principle {1907) which inveolves the construction of porallel tong-
ents at points of contact between matching femoral and tibial condyles on
rodicgraphs. This method is sxtremely time-comsuming ond not routinely
oppliccble. It was empleoyed for demenstrating the drawer sign in patients
with confirmed injury to the anterior cruciate ligoment,

2 b 3.2: Stress radiogrophic methods are tdken here to mean methods in

which the action upon the knee joint is done by the aid of set-ups or appa-
rotuses permitting standardization of the force used, in contrast to simple
monuol acticns. Thereafter, the measurements of instdbility are performed
on X-ray films mode before and during the stress actions. -All the methods
to be mentioned below are intpnded for use in vive. Ovellet et al. (1948)
have stondardized the force for the measurement of mediol ond lateral in-
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stability ond also instability in the sogittal plane, fastening the thighs
and exerting the oction by strings from cuffs around the tibia and possed
over pulleys to vertically suspended weights. Roser et al. (1971) used the
same method.

Vollkov {1971) has designed an gpparatus which, by a handle, pulls ot
the proximal end of the tibia with a force of 15-20 kg. The force can be
recd on an interposed dynamometer. Other parts of the opporatus serve to
fix the patient’'s thigh ond lower leg, so that the knee maintains « 90°
flexion throughout the exomination. The patient is positioned on aon X-ray
table, and exposures are mode before and during the traction. Anterior dis-
plocement of the tibial condyle is measured on the X-ray films, occording to

which ¢riterig is not stated.

2 b 3.3: The aoparotus described by Kennedy and Fowler (1971) for meosuring
medial instebility with the knee in 20° flexion ond anterior drawer sign with
the knee in 90° flexion olso operates with o stondordized, measurable force
and X-ray exposures during these actions, followed by measurement of any in-
stabilities demonstrable on the X-ray films. The actions are exerted by
gas-operated cylinders connected, when measuring medial instdbility, to o
shoe guided by a slide in the frontal plane of the leg. In measurements

of the anterior drawer sign the cylinder is connected to the proximal end
of the tibia by a piston. The direction and ferce of the octions are
guided frem on instryment ponel. The subject is fostened on o seat whose
height con be altered from one type of measurement to the other. Exposures
are mode with an anteroposterior beom, ¢-p views, during dbduction action,
ond loterol views during iroction. During the former exposure the foot is
fixed, during the latter orly the arkle. The stress exposures are compared
with exposures at rest. The set-up secures a constant X-ray projection end
a comparcble force of action from one exposure to the other. The measure-
ment on the X-raoy films is done with the aid of two superposed layers of
transparent celluloid film scored with lines at right ongles which are
placed according to landmarks or the X-ray film. In the lateraol view,

used in measuring the drawer sigr, the meosurement is done by the oid of
pleces of lines cut from a baseline of tongents to the anterior points
of the femoral condyles ond the posterior aspects of the tibial condyles
(cf. Fig. 11). The meosurements are mode with a Vernier gouge, with 0.1 mm
accuracy on a horizontal viewing box. There are certain divergences between
Kennedy and Fowler's ond the present author's landmorks and positioning of
the baseline, and they will be mentioned later. The medial instability is
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measured on a tongent to the medial aspect of the medial tibial condyle, at
right engles to a baseline through the most distol points of the tibiol joint
surfoces on the X-ray film (ef. Fig. 9). The parometer is cut off on the
naned tangent of o line through the most distol points of the contours of
the femorol condyles. It is the credit of Kennedy and Fowler to have intro-

duced such well-defined criteria of measurement.
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Chapter 3

ANATOMY OF THE KNEE JOINT ON
THE BASIS OF THE LITERATURE

3 a: Bones

The lateral femoral condyle, whose jaint surfoce onteriorly starts about 10
mm proximally to that of the medial condyle, has o considerably larger "guid-
ing ridge" for the patella thon the medial one., Both femoral condyles have @
"linea condylopatellaris" (Spalteholz 1953) at the junction of the patellar
surface of the femur and that part of the joint surfoce which articulates
with the tibig., Just distecl to this line eoch femoral comdyle has o groove
which has no nane in anatomical nomencloture, but in German literature it is
referred to os "die Grenzrinrne" and in Anglo-Saxon literature as "the limit-
ing groove”. In extension the ontericr parts of the respective menisci are
situated in these grooves.

The articular surfoces of the tibial condyles differ somewhat in shope.
While both are retroverted and retroposed in relation to the tibial shoft,
and both concave in the frontal plane, the medial joint socket is definitely
concave in the ontercpesterior direction, while the lateral one is convex or
quite flat {in o few cases slightly concave). As o rule it is less retro-
verted than the medial one. Accordingly, the medial condyle is tallest on-
teriorly, whereas the lateral condyle is usually tollest in the middle ond
posteriorly.

The area intercondylaris, situcted between the tibial condyles, moy be
divided into the areo intercordylaris onterior, the intercondylar eminence,
and the orec intercondylaris posterior. The eminence consists of the medial
and lateral intercondylor tubercles ond between them o crest, the crista in-
tertubercularis. The areo intercondylaris posterior is a deep excavation be-
tween the tibiol condyles, sloping backwards ond downwards from the crista
intertubercularis. The sesamoid bone situated in the extensor apparatus of
the knee joimt, the patella, articulates with the femorol condyles anteriorly,
proximally to the limiting grooves. It was not used as a londmark in the
present study. )

3 b: Ligaments
In general, the ligaments of the knee joint are mode up of collogencus

connective-tissue fibres possessing very little elasticity (Polmer 1%38)}.
An intact ligoment, thus, is an inelastic orgon, ond a certaoin loxity in a

given position of the joint is present merely to permit normel movements
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(Humphry 1858). Stretching the ligament beyond this position requires a
great force and entails permanent prolongation of the tissue in the form of
gliding of the fibres in relation to eoch other (Palmer 1938), pessibly demon-
strable only microscopically (Moves et ol. 1974, Kennedy et al. 1974).

The medial collateral ligament consists of a superficial ond twe profound

ligaments.

3b 1: The superficiol mediol collateral ligament, SMCL, originates on the
medial epicondyle of the femur ond inserts, deep to the pes anserinus, super-
ficiolly to the onterior crus of the semimembranosus tendon, anteriorly on
the medial tibial surface., It is dbout 12 cm in length and 10 mm in width
(Palmer 1938). At the level of the joint the ligament gives of f a thin layer
of fibres which posteriorly intertwine with fibres frem the deep ligament,
OMCL, the posterior joint copsule, ond the semimembrenosus tendon. Anterior-
ly there may be interposed a bursa between the SMCL and DMCL, focilitating
the gliding movement between the two ligaments (Brantiganm ond Voshell 1943).
In o width of about 10 mm the anterior long fibres are free of the meniscus
ond other tissues irhibiting movement (Warren et al. 1974},

The joint-stobilizing function of the ligaments is determined by their
state of temsion in the various phases of joint movement. This varying ten-
sion will therefore be described under the term function: The anterior, free
10 M wide port of the SMCL is tout in extension as well as in any flexion
in the sogittol plane. This is due to the elliptical zone of attochment on
the femoral epicondyle (Fig. 2). On flexion, pivotting of this attachment
oval occurs, causing eversion (superficial backward movement) of the an-
terior fibres in relation to the posterior ones. Thereby, all fibre; cbtain
constant tension ‘to which contributes alsc the elevotion of the onterior parts
of the femoral conmdyles in flexion (Palmer 1938).

On the other hand, the posterior fibres of the SMIL, which form a thin,
triangular sail, are taut only inm extension and grodually slocken in flexion
(Lanz and Waochsmuth 1938, Palmer 1938, Voshell 1%56).

At external rotation of the tibia both parts of the ligament become
tout in amy position of flexion from the fully extended position. On inter-
nal rotation of the tibia both ports-slacken a bit. In 20° flexion, the
position in which the present investigations for medial and loterol instabil-
ity were mode, the ligament is somewhat slocker than in full extension. It
must be borne in mind thot in this position the external rotetion of the
tibio has decreased, the "final rotation" being cbolished (Fick 1%11, Branti-
gon ond Voshell 1941}.
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Figure 2: Medial ligaments and extensor opparatus of the knee joint. The
pes anserinus is indicoted, whereas the tenden insertions from
the semimembronosus muscle are omitted. The outer layer of the fibrous joint
capsule has been resected, giving a view into the deep fibrous capsule or
layer with its ligamentous reinfercements. This layer is divided into three
approximately equally large parts, the onterior third being very thin, the
middle third mode up of the deep medial cellaterol ligament, DMCL, ond the
posterior third of the oblique medial ligament, OMCL, ond the posteromedicl

capsule,

3b 2: The deep medial collateral ligameni, DMCL, has its origin on the
distol port of the medial epicondyle of the femur, fixes the medial men-
iscus by collogenous fibril bundles, and inserts on the tibia distolly to
the cortiloginous jumction. In American literature this part of the ligoment
is termed "the short internal collateral ligament" or “the medial copsular

ligament" (Slocum ond Larson 1948).

3b 3: The obligque medicl ligament, OMCL, originates posteriorly on the
medial epicondyle of the femur and backwards, towords the odductor tubercle,

interchonges fibres with the medial meniscus, ond inserts below the car-
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tilaginous junction posteromedially on the tibia where it intertwines into
the posterior copsule of the joint. This liganent hos been described by
Hughston and Eilers (1973). Palmer hos described the latter two ligaments
corbined (1%38), but there are no essential differences between the two de-
scriptions. The OMCL is termed "the posterior oblique ligement'by Hughston
ond Eilers (1973).

Function: The DMCL us well as the OMCL are taut in extension and in
any external rotation of the tibiao. They anchor the medial meniscus and
restrict its forword movement in exiension, as they tighten (Hughston and
Eilers 1973). In flexion the medial eblique ligament ond the medial meniscus
are guided bockword by fibres from the semimembronosus muscle vig the dblique
poplitenl ligament according to Kaplom (1942) ond Hughston and Eilers (1973},
but this has been called in question by Oretorp and Risberg {1978).

In rupture experiments on humon knee preporations (Kennedy ond Fowler
1971) it has been demonstrated that the DMCL ond the OMCL may rupture without
a simultaneous rupture of the SMCL, if theknee is forced into violent exter-
nol rotation while in 900 Flexion. In other words, these two deep ligoments
contribute to preventing too marked an external rotation of the knee joint
in 90% flexion. Howeder, Warren et al. (1974) have attributed most import-
ance to an intact SMCL, both in medial ond lateral stobility aond in externdal
ratatory stability at 0°, 30°, 45°, and 90° knee flexion. This view has been
supported by Schweiberer and Hertel (1977). The two latter studies were

cutting experiments on humon codaveric knees.

3b 4: The loterol collaterol ligament, LCL, is situated deep to the lateral
capsule of the knee joint ond the iliotibiol tract., Its origin is from the
loteral epicendyle of the femur and its insertion on the heod of the fibula.

Its central part is surrounded by loose connective tissue, gliding tissue,
and is not in fibrous conmection with the lateral meniscus (Lost 1950). At
the insertion on the heod of the fibula the ligament is enveloped by the in-
sertion fibres of the biceps tendon (Marsholl et al. 1972),

Last (1948, 1950) mentioned a deep lateral colloteral ligament, de-
scribed as strong stronds in the fibrous copsule of the joint, of a deep
situation adjacent to the synovinl caopsyle, "the short externol loterol ligo-
ment", Itz origin is deep to the superficial laterol collateral ligoment on
the lateral epicondyle of the femur, its insertion anteriorly on the heod
of the fibula and anterior aspect of the copsule of the proximal tibio-fibu-
lar jeint {Fig. 3). On this figure there are alsc illustrated orcuate strands

of the iliotibial tract from the lateral epicondyle of the femur (morked e)
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Figure 3: Lateral ligaments of the knee joint and the muscles on its lot-
erol aspect. c¢: head of fibula, e: lateral epicondyle of the

femur.

to Gerdy's tubercle, forming on occessory. lateral colleteral ligament {Kaplon
1958), Further, minor ligcmentoﬁs stronds have been mentioned by Keplan
(1951}, _

Function: The superficial LCL is taut in extension, slackens increas-
ingly in flexion, both at 20° ond 900, and tightens in internal rotation as
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well os extreme external rotation (Palmer 1938, Lonz and Wachsmuth 1938, Ed-
wards et al. 1970).

3b 5: Cruciote ligaments: The origin of the cruciate li.gcments from the
femur is at the edge of the inside of the condyles to the roof of the fossa
intercondyloris femoris: The onterior cruciote ligament, ACL, on the inside

of the lateral condyle of the femur far posteriorly, the posterior cruciate
ligament, PCL, on the mediol condyle of the femur, far anteriorly. Both in-
sert on the tibia, the ACL in the area intercondylaris onterior and upwards

on the steep side towords the medial tubercle (area 10, see (1)), the PCL

deep in the area imtercondylaris pesterior {orea 13 {1}). Thus, these liga-
ments cross eoch other in both planes, in the normal anotomical position of
the body. The ACL is lined with a thin layer of synovial membrane distally

in the joint, a somewhat thicker layer anterosuperiorly. The PCL is lined
onteriorly with o thicker synovial layer. Both ligamen}s consist of innumer-
cble fibres of vorying course, determining the very complicated function of
these ligaments. Owing to the arrongement of these fibres, parts of the ligo-
ments are olways taut, both in flexion and extension. Only the ACL is totally
relaxed in a given position of flexion ond external rotation of the tibia

in relation to the femur (Lonz ond Wochsmuth 1938). Both ligaments can be
divided into two parts (Weber and Weber 1834, Fick 1911, Brantigon and Yoshell
1941, Spalteholz 1953, Girgis et al. 1975). The ACL can be divided into:

(o) posterolateral fibres which are taut in extension {Fig., 4) ond slock in
90° flexion (Fig. 5). These fibres ogain tighten on further flexion (Fiek

1911). However, the latter is of no significonce in gonylaxometric measure-
ments. (b) anteromedial fibres which are taut in 90° flexion and also taut,
but not quite as tout as the posterolateral ones, in full extension of the
knee (Fick 1904, 1911, Long aond Wochsmuth 1972, Furman et al. 1974) (Fig. 4).
In external rotation of the 90° flexed knee the cruciate ligaments get un-
twined (Palmer 1957), and as the tibia rotates outward the origin ond inser-
tion focets of the ACL grodually opproach the same sogittal plone. This
phenomenon has alsc been illustrated by Spalteholz (1953, Fig. 213 o). In
internal rototion of the tibio the opposite occurs, the ligaments tighten-

ing ond twining. This phenomenon influences examination in the gonylaxometer
in different positions of rotation and alse in the Slecum ond Larson {1%48)
clinical test for external rotatory instability in the presence of injury to
the medial collateral ligaments, When the cruciote ligaments are lox in ex-
ternal rotation of the tibia they do not inhibit the forward displacement

which occurs in the presence of this ligomentous injury on troction on the
proximal end of the tibioa.



Figure 4: Photo of one of the present oauthor's preparations of a right

knee joint in extension, anterior view. A block of bone hos
been chiselled off the lateral femeral condyle(lfc), seo thaot the anterior
cruciate ligoment is visible in its entire extent fram the origin on the
posteromediol edge of the loteral cordyle of the femur to the insertion on
the area intercondylaris conterior tibloe. Medial femoral condyle {mfc).
Note the fairly well-defined bundles of fibres: (a) the posterolateral ond
(b} the onteromedial. Both bundles are taut. The posterior cruciate

ligament is not visible in this position of the knee joint.

The PCL can be divided into an anterior and a pesterior fibre bundle,

The anterior fibres are lax in full extension, but taut in increasing flexio

to become completely tout at 90°., The posterior fibres are taut in exten-
sion ond laxer in flexion (Fick 1904, 1911).

3 c: Menisci
The menisci are of semilunar shope when viewed from obove, the lateral one

in foct almost quite circular (Fick 1904). They consist of fibrous cartiloge
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Figure 5: The same knee joint as in Fig. 4, but in 90° flexion. From the
left: The posterolaterol fibres of the anterior cruciate liga-
ment are very lax {o), and the ontericr fibres are more taut (b). The
posterior cruciate ligoment {PCL) is very taut. It is the anterior part
of the posterior cruciate ligoment which is visible here. For detoils of

the posterior part of this ligament, cf. e.g. Girgis et al., p. 224.

and ore vasculorized only in the periphery (Pfob 1927). The medial men-
iscus, MM, ottoches anteriorly on the area intercondylaoris anteriar, in

front of the insertion of the ACL. The onterior horn of the lateral men-
iscus, LM, has o considerobly smaller area of attachment more centrally

and laterally on the area intercondylaris anterior. Anteriorly the two
anterior meniscal horns are often connected by o transverse bond. The most
medial of the insertion fibres of the LM nearly always intertwine anteriorly
with the most loteral insertion fibres of the ACL (Fick 1904). The posterior
horn of the MM ottaches on the posterior edge of the medial tubercle, that

of the LM posteriorly on the lateral tubercle and at the tep of the entire
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crista intertubercularis. Also, the posterior horn of the LM attaches on
the medial femoral condyle by twe, at times only ome, fibrous band proceed-
ing upwards on the posterior and onterior aspects of the PCL and finally
intertwining with the PCL fibres., They are known as the ligamenta menisci
loterolis (Robert 1855, Humphry 1858, Spalteholz 1953). The menisci are of
great importonce to the stability of the knee joint ond enter into intimate
connection with its ligomentous cpparotus. Fibrous stronds from the poplitedl
muscle attach on the posterior edge of the LM (Lost 1950, Koplan 1962). The
fibrous connections pull the menisci backwards in flexion, the posterior edge
of the menisci odapting themselves to the femoral condyles, so that they are
not squeezed beneath them. The edge of the LM is free where it passes the
popliteal tendon, but farther anteriorly it is attoched to the capsule (Hugh-
ston et al. 1976 1) just as the MM is attached medially by the DMCL and OMCL,
Micro-anatomical studies of humon knees by Oretorp and Risberg (1978) have
demonstrated that the attochment is by fibres coursing direct from the liga-
merts inte the substonce of the meniscus in a V-shaped figure in the peri-
pheral part of the meniscus. Therefore, meniscectomy may interrupt the con-
nection between the proximal and distal part of the DMCL ond the OMCL, com-
promising the function of these ligaments. Thus, port of the meniscal sub-

stance enters into the nomed ligaments.

Function: The menisci play o role in the transmission of weight in
the knee joint. In human knee joints dbout 45% of the weight is berne by
the menisci as shown by Shrive et ol. (1978) in experiments on humon speci-
mens. Furthermore, removal of the MM wedkens the tensile strength of the
SMCL by about 10% (Oretorp et al. (1978) in experiments on dogs), ond this
ligament as well as the LCL show instcbility. Rotatory instability too
occurs as demonstroted by Nicholas {1973 b) and by Wang and Walker (1%74) in
human knees.

The menisci move forward in extension ond bockward in flexion. The
gliding movement between the menisci ond tibio combined with the rolling
movement of the femoral condyles on the menisci ond tibial condyles in the
"menisco-femoral joint chamber" tokes place simultanecusly with rototion on
ene or more vertical axes. The loteral meniscus is more mobile than the
medial one, tdking part in the wider movement of rotation in the lateral
joint chamber in positions of flexion (Winslow 1719, Fick 1911).

3d: Joint Copsule
The capsule consists of an outer fibrous copsule ond an inner synoviol mem-
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brone. The latter forms the synovial fluid and thereby nourishes part of the
introorticular cartiloginous structures. The synovial cavity and its re-
cesses hove been described by Lindblom (1%38) ond by Brantigan and Voshell
{1941).

3d1l: The medial fibrous capsule is described as two layers, on imner and
on outer one. Beatween the two the anterior port of the SMCL slides freely.

The outer layer consists of comnective-tissye fibres from the vastus medialis
muscle and of the medial patellar retinaculum {Lonz and Wochsmuth 1938, Fig.
187). The inner layer may be divided intc 3 approximately equal ports (Fig.
2). The onterior third is made up of a thin layer of collagen fibres, the
middle third of the DMCL, the posterior third of the OMCL ond its intertwin-
ing with capsular fibres (Slocum ond Larson 1948, Hughston and Eilers 1%73).
Thus, the latter two ligaments can be considered fortified strands in the inner
layer of the medial fibrous copsule.

3d2: The loteral fibrous capsule has enly one layer, viz. collagen fibres
from the vastus lateralis muscle intertwined with the iliotibial troct which
is a palmwide fortification in the fascio lates  inserting on the tubercle
of Gerdy (Fig. 3). As on the mediol side there is intertwining with the lat-
eral patellar retinaculum {Lanz and Wachsmuth 1%38, Fig. 189).

The iliotibial troct also sends fibres to the laterol condyle of the
femur just proximally to the laterol epicondyle. By virtue of strong, arcu-
ate fibres from the latter to the tubercle of Gerdy, this port of the ilio-
tibial troct octs as on accessory ligament om the laterol aspect of the knee
{(Kaplan 1958) (Fig. 3). The medial ond lateral caopsules of the knee joint

act as part of its extensor opparotus.

3d 3: The posterior copsule of the knee joint is very strong. It is
strengthened postercmedially by the tendon of the semimembranosus muscle

which, ofter dividing, sends across the posterior surfoce of the joint a

part forming the oblique poplitecl ligoment. At the posterolateral site,
this ligament mixes with fibres from the deeper orcucte ligament.

Function: In extension the posterior capsule tightens, while it
slackens in flexion, increasingly with its degree. It offords no resistance
to displocements in the anteroposterior direction in normal 90° flexed knees
{Palmer 1938, Hallén ond Lindahl 1965 a).
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3 e: Muscles
The muscles and tendons which pass the knee joint exert o stdbilizing effect

upon it. The extensor epparatus of the knee joint consists of the quedriceps
femoris myscle, its tendon, the potella, the medial and lateral patellar re-

tinocula, and the inferior patellar ligoment.

Function: The extensor opparatus carries out knee extension right to
the fincl phase in which the knee is locked by on external rototion of the
tibia in relation to the femur, the so-called "finol rotoation” or the "final
supination" (Barnett 1944, Last 1948). The final supination amounts to 5°
during the lost 10° of extension (Fick 1%1i).

The sartorius, grocilis, ond semitendinesus muscles, which insert in
the pes anserinus (Fig. 2) belong to the flexors of the knee (mainly the
semitendinosus). They are alsc internal rotaters - and as such stabilize
ogainst external rototion (mainly the sartorius ond graocilis). The effect
increases with flexion of the knee and with external rotation of the tibiaq
in relation to the femur, the so-called ¥Wind~up effect" {Noyes and Sonstegard
1973).

The semimembranosus muscle inserts posteromedially on the knee joint
by a very strong tendon divided intc several bronches: a direct, vertical
one on the medial tibial condyle (Kaplan 1957}, a branch curving frem it
forward beneath the pes onserinus and SMCL, o third one curving backward in
the fascia overlying the popliteal muscle, ond lastly a branch curving up-
ward-backward in the form of the oblique popliteal ligament. Thus, the
insertion of this muscle greatly strengthens the fibrous copsule of the knee
joint posteriorly. The popliteal muscle strengthens the postero-laoteral
copsule by its insertion inte this copsule, the LM, and the arcuate poplitecl
ligoment (Last 1950). The plump part of the popliteal tenden, which inserts
on the loteral epicomdyle of the femur, alse has o rotatery function, rotat-
ing the tibia inward (Lost 1950). On the posterior aspect of the knee there
are the origins of the medial and laterol gostrocnemii ond the plantor muscle.
On the lateral side the biceps femoris inserts on the heod of the fibula.
The vastus lateralis ond the overlying iliotibial troct have been mentioned
already. The biceps is a knee flexor ond external rotator, especially in
flexion. The iliotibicl tract is primarily a stobilizer of the knee joint
{Kaplon 1958).
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3 f: Innervotion of the Knee Joint ond Comments on Its Active and Passive
Stabilizers
In the cruciate ligaments and in the medial collateral ligament Skoglund
{1954) has demonstrated nerve endings presumably concerned with preprioceptive,
afferent impulses and which record the position of the joint. Vater-Pacini-likg
corpuscles in the copsule presumcbly record deceleration ond acceleration in
the joint. Skoglund's findings have been confirmed by Freemon and Wyke (1%47).
Adrion {1943) has demonstrated cerebellar areas having a function in regulat-
ing synergists and antogonists as well as muscle tone around the knee joint,
The three studies just mentioned were performed on decerebrote cots.
Kenredy et al. (1974), studying the course of the nerve fibres in the

anterior cruciate ligament in man, found the ligament to be o multifascicular

structure with looser connective tissue in between the fascicles. In the
loose connective tissue they found vessels and nerves in close relation to
ecch other, indicating that the nerve branches might have a vasomotor func-
tion. However,there were glsc nerve branches situoted seporotely, presumcbly
conveying impulses such as pain from the cruciate ligaments. It hos not yet
been possible to demonstrate the passage of impulses through the entire reflex
arc. Palmer (1958) is presumably the worker who has got closest to demon-
strating such o passoge of impulses by electromyogrophic studies using ligo-
mentous stimylotion during operations on man.

The nerve supply of the ligaments influences the way in which o partiolly
ruptured ligament, o so-called passive stdbilizer, is protected by the pao-
tient's own, octive muscular stobilizers, both during an examination and during
o further stress. It is of decisive importonce to the function of the "kin-
etic chain” described by Payr (1%27) thot introligomentous nerve Fibres are
demonstrable. And there is then on explonation, viz. the reflex ore, of the
olmost spastic condition of the muscles surrounding the knee in case of par-
tial ligamentous rupture - and the striking absence of this condition in totol

ligamentous rupture, as demonstrated by Palmer (1938).
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Chapter 4
PRESENT ANATOMICAL STUDIES

These investigations were performed on 13 fresh and 75 maceroted human knee
joint preparations (1). They were started shortly ofter the first pilot
studies+) of the gonylaxometer, os Kennedy ond Fowler's (1%71) identification
of the tibial cordyles on the laterol view seemed insufficient. The area
intercondylaris tibige with the medicl and lateral tubercles of the intercon-
dylar eminence oppeoared to constitute opplicable landmarks. The transition
of these structures into the posterior surfoces of the tibial comdyles render-
ed possible an identification of the contours of the loteral aond medial tibial
condyles on lateral films (1).

The medial tubercle starts ascending farther anteriorly than dees the
loteral tubercle, ond as o rule it is taller. It has only one peck from
which the posterior wall slopes steeply downwards, towards the deep area
intercondylaris posterior and towards the medial tibicl condyle, reaching its
horizontol surfoce for onteriorly to the posterior condylar edge. The lat-
erol tubercle usually has two pedks and preceeds, in an even curve, into the
posterior surface of the loteral tibial condyle. This arcuate, biphasic
contour is well-suited for identifying the laterol tibiol condyle on the film
(1), also during rotation {2). The posterior part of the medial tibial con-
dyle presents itself os a slightly concove contour.

The description of these structures is most importaont to the measuring
method of gonylaxometry.

Perusal of the anatomicol textbeooks, however, disclosed divergent de-
scriptions of the area intercondylaris by Hamilton (1958), Gray (1962),
Hollimshead {1944), Frazer (1945}, Cunninghan (1972), and Lang ond Wochsmuth
(1972). Therefore, further studies were conducted. The most detailed of the
earlier studies, those of Robert (1855) and Parsons (1904), had net found
their way into the textbooks.

‘ The first of the present studies (1) showed thot the area could be
sub-divided into 15 parts, ond it showed also that for eoch insertion of the
cruciate ligaments and menisci,ond for other soft-tissuve attochments, there
is o corresponding bony surfoce structure which is also identificble on
macerated bone preparations. Certain small areas lined with thin cartiloge,
which articulate only with the meniscol horns, were described for the first

time. An accurate knowledge of the vorious areas of insertion may be of

+) These pilot studies will not be further mentioned here. They were conduct-
ed before the investigations of 100 normal subjects to be described below.
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diognostic importonce when the rodiographs of the knee joint show intrcarti-
cular avulsions of bone. In the present investigotions certain findings of
this nature were considered to contro-indicote stress rodiography (vide infra).

It has often been stated that the PCL is stronger thon the ACL, e.g.
by Humphry {1858). This is because the PCL, at the level of the LM, receives
one or two strong reinforcement baonds from the meniscus, the ligamenti men-
isci lateralis. It has been demonstrated by the present author, using com-
puterized plonimetry, that the circumference of the PCL distally is in the
sane order as the distal part of the ACL, the insertion oreas on the tibia
being, on the average, equally large (1). This is another finding which has
not been reported previously.
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Chapter 5

PRESENT STRESS RADIOGRAPHIC
STUDIES: METHOD

5 a: Introduction

The laxity or stability to be meosured by gonyloxometry bears relotion to the
structure of the intoct ligoments (cf. Chopter 3 b). Under normal conditions
the ligaments possess o certain laxity in oll positions except full extension.

Great force is required for stretching the ligaments beyond their normal length,

and it leaves permanent deformation. Measurement of a deformation rate or the
reverse concept "stiffrmess" ot the bredking point is not clinically relevant
and not intended in the gonyloxometric method.

In measyrements on injured knees, it is importont to avoid tearing

fibres which are still intoct, and therefore fairly little force is opplied.

5 b: Definitions

The knee is extended in the position in which there is resistance to further
extension, This applies to uninjured knees. An injured knee hos to be com-
pated with the contralateral knee. All other positions will be designated
by the angle between the femur and the tibia.

External rotation in the knee joint signifies external rotation of the

tibig in relation to the femur on @ longitudinal axis through the tibio
through the medicl tubercle {accurcte position not stated). This movement
may also be called supination in the knee joint.

Internal rotation in the knee joint, in analogy, signifies an inword

turning of the tibic in relation to the femur and may alsc be colled prona-

tion.

This nomenclature is in occordance with Meyer {1853), Ross {1932}, and
Hallén and Lindahl (1965 o, b).

Total ligament rupture is token to mean that all fibres of the liga-
ment care torn and displaced from each other. The term applies to each

ligoment seporately. Thus, eoch of the three medial collateral ligaments

is considered a unit. If some of the collogen fibres of the ligament are
intoct, the rupture is designated partial. '

Mediol instability signifies laxity and a possibility of rocking move-
ments, the tibio being movable farther laterally thon normol inm relation
to the femur, viz. instability on the medial side of the knee {valgus instdb-
ility, dbduction instability). In the present study this phenomenon was ol-
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ways measured starting at an angle of 140° between the femur and tibia.
The space, porcameter c, on the op radiograph is defined here as medial in-
stebility (Fig. ).

Laterol instdbility, correspondingly, signifies an increased possibility

of rocking movements because of laxity on the lateral side of the joinmt. This
means on increased possibility of moving the tibia irmward in relation to the
femur (varus or odduction instability). The starting position and measurements
are as described dbove, Here, parometer d is defined as loteral instability
(Fig. 9).

Anterior drawer sign signifies o possibility of moving the tibia far-
ther forward than normal in relation to the femoral condyles, the starting

point being a neutral position of the foot and 90° flexion in the knee (vide

infra}. The measurements are done on the lateral rodiogreaph.
Posterior drawer sign, correspondingly, signifies a possibility of mov-

ing the tibicl condyles baockward more than normal im relation to the femoral
condyles, Same storting position.

Forward or backword movement of the tibicl condyles within the range
of normal is called merely displacement. This term will also be preferred
for abnormolly marked shifts when the starting position is different from
meutral position of the foot and 90° flexion of the knee.

DEFINITIONS IN RELATION TO ROTATION IN THE KNEE JOINT:
Movements of rotation are possible in ony position of knee flexion, and the
range of the total rotation depends upon the degree of flexion.

Rotatory instobility is defimed as a possibility of rotation which

exceeds the mormal limit to rotation (internal or external) in the knee
joint at the given degree of flexion in the joint.
Simple rotatory instobility is token to be an dcbnormally maorked roto-

tion without the co-existence of o drawer sign.
Complex rototory instdbility is token to be rototion co-existing with

a drawer sign, i.e. o very pronounced and alsc unequal displocement of both

tibiol condyles.

The term complex instobility will be used in this poper only to signi-
fy rotatory instcbilities examined in 90° flexion of the knee, and thereby
the definition differs from that of Nicholas (1973 o) (Fig. I).

Anteromedial complex rotatory instdbility is present, on traction on
the tibig, when hoth tibial condyles move so for thot there is an anterior
drawer sign as well os extro anterior displocement of the mediol tibiel con-

dyle in relotion to the lateral one. This gives rise to external rotation.
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Anterclateral complex rotatory instability: Anterior drower sign plus

an extra anterior displocement of the lateral tibial condyle (internal roto-
tion).
Posteromedial and posterolateral complex rotatory instability: Pos-

terior drower sign plus a further bockward movement of the medial or later-

ol tibiol condyle.

5 ¢: The Gonylaxometer and Selection of the Force Applied

5 c 1: Apparatus:

This is an apporatus for opplication of forces to the lower limb, not a

measuring apparatus per se. As such it would have the same drowbacks as
other externally Fastened cpparatuses: A shift of the soft tissves, espe-
cially the femoral muscles, subcutonecus tissue, and skin beneoth the fast-
ening oppliances, and this would mdke it impossible to read with occurocy
displacements in the knee joint. Therefore, it is equipped with cassette
holders for X-ray films and operates in combination with an X-ray tube sus-
pended from the ceiling, ond the actucl reoding of knee stability is mede
on the X-ray films ofter exposure {3).

The opparatus (Fig. &) is mounted on a steel frome with on aluminium
floor and Four wheels. The central part of the floor ¢on be raised and
lowered to odapt to the lower-leg length In a person ploced with 90° flexed
knees for anterior or posterior stress upon the lower limb. This trolley
is fitted with a dental chair for the patient to sit in, The arrongement
makes it possible to raise ond lower the chair, rotate it, and move it an-
teriorly or posteriorly - also to odopt to the person's dimensions, Anteri-
orly on the seat there are semicylindrical, cup-shoped steel thigh supports
with o rigid convaos cuff aond an inflatdble cuff (Fig. &). Beneath and be-
tween the thighs there are cassette holders for X-ray films. Anteriorly
the trolley has a control panel with handles for guiding the various actions,
a regulator valve for controlling the pressure, ond o monometer. The
ponel has on electrically operated hydraulic pump which operates three oil
pressure cylinders. Two of the latter operate slides on ball bearings, con-
trolled by rails in the panel, mounted with fastening gear ond boots intend-
ed for volgus and varus stress upon the potient's legs (Fig. é). The latter
too con be adjusted to different lower-leg lengths. The third cylinder is
mounted on rails, so¢ that it may be moved to be in Froqt‘of the patient's
right or left knee. At this site it is to act upon the proximal end of the
tibia, by traction, for measuring anterior stability or by pressure in meas-
uring posterior stability. Fixation is by a convas cuff connected to the cyl-

inder by a piston rod and by boots on the floor. A groding scale on the floor



Figure é: The gonyl&*ometer with the patient ond X-ray tube in position
for an exposure to visualize medial ond loteral instability.

Note the cossette holder beneath the patient's knees.

indicates the position of the foot. Boot ond foot can be fixed in the way
that the second metatorsal bone points forward in the direction of the troc-
tion or pressure, zero or neutral position, or inte wvarious positions of
internal or extermal rotation.

Let it be stressed thot the pressure generator is double-secured. A
fixed position of a valve guided by a steel spring prevents the pressure in
the cylinder from exceeding 30 kilopord (kp). Moreover, the pressure cannot
be released until two electric switches have been turned on, both of them
interposed only for sofety, Thereofter, the pressure is slowly roised by a
monvally operated regulator valve, ond action is slowly exerted upon the joint
while the operator is simultaneously reading the pressure on the manometer.
About holf o minute passes until the joint has reached its extreme position.
This is unlike the sudden stress in other methods, e.g. thot of Morkolf et
al. (1978). i

The transition from taking lateral views of one knee during troction
ond pressure and to the some exposures of the other knee is facilitated by
the fact that the entire steel frame can be raised ond turned 180° on @
centrol swivel foot. The oxis of this swivel foot coincides with that of
the vertical film cossette midway between the patient's knees. Thus, it

is unnecessary to move the X-ray tube.
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5 ¢ 2: Discussion on selecting the force of the oction:

When the method was developed, the following statements on the stress thot
should be opplied to the knee were avoildable: COuellet et al. (1948) hod od-
vocated a stotic traction using weights over pulleys. For volgus ond varus
actions they used dbout 1/8 of the subject's body weight, i.e. 9 - 10 kg
for odults and presumably weights in the same order of mognitude for troction

and pressure upon the 0° flexed knee. An unknown part of the weight is
borne by the pulley system. Kennedy and Fowler (1971) used 244.74 kiloNewton
per m2 (kN/mz), which is 35152 kp/m2 or ~3.5 kp per cmz. Since, however,
they do not state the diameter of the gas cylinders, the final pressure is

unknown.
In the gonyloxometer the cross section area of the piston is 1 cmz,
equal to the lumen of the cylinder. For odduction and dbduction the pres-

sure in the cylinder is % kg per cmz, equivalent to the total pressure of the
piston at its target point. This is the pressure which is reod from the
mancmeter. If greater force is used, the pressure is uncamfortdble for the
patient, cf. {3), {4), ond Addendum I. In this exanination there is a roto-
tory moment of force (lower-leg length x the force applied), but also a loss
of force in the foot fastening gear. In the same person, however, these
volues ore constoant from one examination to onother, On onterior or posteri-
or stress ypon the 90° flexed knee there is no rotatory moment of force, the
point of action being the middle of the heod of the tibio straight in the
direction of the force, The force is that reod from the monometer: 20 kp in
foirly small persons, later increased to 30 kp, os this proved necessary to
overcome the resistonce of the quodriceps, biceps, aond pes anserinus muscles
in muscular persons (3), (4). Thus, the dbduction and odduction pressure
corresponds opproximately to the stotic pressure used by Ouellet et al. (1948),
the point of oction being the scme. _

In the gonyloxometer the onterior and posterior stress appears to be
somewhat higher thon inm Quellet's (19468) as well as in Kernedy and Fowler's
(1971) methods. In a person weighing 40 kg 20 kp is 3.27 N per kg body
weight., At o 30 kp action: 4,01 N per kg body weight, cf. Addendum I, p.

These loads may be compared to those maximally tolerated in animal
experiments. Noyes et ol. (1974} used rhesis monkeys. In experiments on
their ACLs in situ the maximum lood at the yield point was dbout 100 kp,
equal to 981 N or 124.18 N per kg body weight. Noyes and Grood {1976) demen-
stroted that in the rhesus monkeys the CL are stronger thaon in mon. They
hod o sectional area 2.3 times that in man per kg body weight, and the
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strength of the ligament per orea unit was dbout twice that in young people.
Neverthless, the force applied in the gonylaxometer is far below the permis-
sible pedk loods. In Scondimavia Alm et al. (1974) demonstrated a meon ten-
sile strength of the ACL of dogs of 5%9.4 N per kg body weight. The strength
decreased upon simyltoneous rototion of the tibia in relation to the femur.
Kennedy et al. (1974) tested ligoments of human codavers (oge urknown) dis-
sected from their bony attochments, which must be presumed te hove reduced
their tensile strength. They found the following total strengths: Lood at
time of rupture cbout 50 kp for the ACL and dbout 50 kp for the SMCL, 100
kp for the PCL.

5 d: Rodiographic Technique

5d 1: Set-up: The radiation source is o telescope-suspended X-ray tube on
rails in the ceiling. Further, the tube can be rototed ond tilted ond its
inclination can be read on a scale. The distance from the film cassettie to
the outer filter of the tube is kept constant, 1 m, the distance to the
centre of the radiation source dbout 1.25 m. The eentral beam is always at

right angles to the cassette. Cassettes with o raster are used.

5 d 1.2: Exposure: The exposures are done using obout 50-40 kV and 40 mAs,
exposure times 0.16 to 0.20 sec. The number of exposures 1in the most in-
tense experimental series reoched 27 exposures per subject. The gonods,

trurk, and upper part of the thigh are always shielded.

5d1.3: Magnificotion on the film was measured by 21 meosurements on sub-
jects in the anteroposterior and lateral views by the cid of short metal
wires ploced on the skin over various juxta-cutanecus bony prominences in
the knee joint. Bony ports cleose to the film show less mognification than
those far from the film: Range (21 measurements} 1.03 - 1,15, mean 1.08
=]1.1= %% (or a 108 magnification on the film). In this poper no correc-
tion is mode for the mognification. Thus the paraneters given are dis-

tances measured direct on the film.

5d 1.4: Positioning of the subject during measurement: Measurements were

made in two positions:

(1) In measuring dbduction ond odduction imstability (medial and lotercl in-
stability respectively) the knees are 20° flexed. The exposure is made
with anteroposterior direction of the beom of both knees at the sane
time. The starting position, in which the knees are unlooded ond feel
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relaxed, the feet 5 © outward rototed in relotion to the anatemical
normal position, is called: neutrcl position 140°.

(2) For measuring anteroposterior instobility the knees are 90° flexed.
The exposure is in the lateromedial projection of each knee separaote-
ly. The starting pesition, with the foot resting on the floor of the
trolley ond with the patellor apex, tibial tuberesity, and the second
metatarsal bone in o verticol plane through the tibiol axis, is called:
neutrol position 90°. The second metatarsal bone points forward in the
longitudinal direction of the opparatus, i.e. in the direction of
traction.

In meosurements with 90° flexion in the knee ond rotation in the onkle
joint, the rototion of the foot is given in degrees outward (15o and 30°) or
inward (30°) from the position just defined. This provides accurately ad-
justed ond reproducible X-ray films.

In examining for abduction and odduction instability, the cossette hold
with the film cassette (30 x 40 em) is placed beneath the patient's knees
(Fig. é) and the X-ray tube at the chove-mentioned distonce above the cassett
The tube is tilted 10° in relation to the horizontal plane, like the cassette
The centrol beam, tilted 10° in relation to the vertical plane, is at right
angles to the cossette ond directed midway between the patient's knees. Then
by, the thigh and lower leg form a flat, isosceles triongle with a verticol
angle of 1600, base angles of 10°%, and the baseline at the plane of the cas-
sette, The perpendicular bisector to the baseline is ot the same time the
bisector of the vertical angle and its direction is that of the centrol beom.

In lateral projections to detect anteroposterior instability or rote-
tory instobility the X-ray tube is lewered to cbout 40 e¢m dbove the floor,
these exposures being mode with horizontal beam. A cossette of 24 x 20 cm
is ploced midway between the patient's knees. The beom is lotero-mediol
in relation to the knee concerned, at right angles to the cossette. In this
set-up exposures have to be made of each knee separately (Fig. 7). The posi-
tion of the X-ray tube may be maintained, the gonyloxometer being turned

180° on the centre of the cassette, by meons of the swivel foot.

5 d 2: Measurement of parameters on the X-ray films. Rodiographic anatomy.

Londmarks:
5d 2.1: Measuring technique on the films: The measurement is mode with
the film on a horizontal viewing box illuminated from below. Two trans-
parent celluloid films, with thin lines scored at right angles to each
other, are ploced on top of the X-ray film in relation to further defined




Figure 7: Piston shaft for anterior ond posterior stress actions upon the

head of the tibia. The fastening cuff of the piston shoft is
passed around the proximal part of the lower leg. The subject is in the
"neutral position 90°" before the procedure is started, Rototion of foot
0°.  The cuff around the thigh has been inflated.

landmarks. These londmarks were fixed by rodiogrophic-onatemical studies
(1) and (2}.

5d 2.2: The rodiogrophic anatomy is described separately for the lateral

and for the o-p views, dealing with the contours troced on the two-dimen-

sional picture of the three-dimensional object.

The contours on the lateral view are troced on Fig. 8. The lorge guid-
ing ridge for the potella on the laoteral femoral condyle lends it a larger
contour , with the limiting groove located approximately in the middle. The
groove on the mediol femorol condyle is seen more onteriorly ond proximolly
located, only 1/3 to 1/4 down the curve. The limiting grooves are the best
landmarks for identifying the femorel comdyles, The appecrances do not olter

upon changing from lateromedial to mediolateral beom or upon rototion (2}.



Figure 8: Contours on the lotercl view of the right knee in the neutral
position, unlooded. MNote that in this case the mediel articular
socket of the tibia is of a considerably higher sitwation than

the lateral one. ©On the right, graphic presentation of the contours: Broken

lines: Lateral condyle of femur, lateral condyle of tibia, lateral tubercle

Solid lines: Medial condyles of femur and tibiaq, medial tubercle of intercon

dylar eminence, tibial tuberosity, ond tibial shaft. Dash-aond-dot lines:

Distally: Posterior margin of intertubercular crest of the eminence contim-

ing in the area intercondylaris posterior of the tibia. Proximally:
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F(—.‘?Cﬁi‘e 8

Femoral articulor surface for the patella ond the "roof" of the fossa inter-
condylaris femoris. On the loteral view this latter line is named "Blumen-
saat's line". 5moll circles: Fibula. Note how cleorly the joint is seen
between the lotercl tibial condyle ond the head of the fibula on this
rodiograph (and on the graphic. presentdtion).

Note the londmarks: for the laterol femoral condyle (limiting groove -
Grenzrinne - sulcus condylopatellaris) around the middle of its curve, for
the medial femorol condyle just ofter the upper third of the curve, for the
lateral tibial condyle the direct junction with the contour of the lateral

tubercle.
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The femoral articular surface for the patella may be traced as o strong
contour behind the proximol curves of the femoral condyles. After an angulotion
of about 90°, it continues in a strong, slightly irregular contour representing
the "roof" of the fossa intercondylaris femoris. On the loteral view the latte
contour is called Blumensgat's lime (1%38). Its aonterior point, the peak of 1
ongulation, is the londmork for the most onterior part of the origin of the K
The posterior ongulation is the landmark for the most posterior part of the
origin of the ACL (2). Behind these contours the ossified epiphyseal lire is
visible, These three lines form Ludloff's triangle (1903).

The lateral tibiol condyle may be identified by following the lateral
intercondylar tubercle which continues, from its pedk, backwards in an even-
ly convex arch, unlike the medial tubercle which slopes steeply down backward
from its peck. The convex arch of the lateraol tubercle proceeds direct into
the posterior contour of the lateral condyle of the tibia {1). The contours
of the socket of the lateral condyle are one or more, slightly convex or hori-
zontal lines continuing posteriorly in a curve down into the posterior con-
tour of the condyle which is more pointed and narrower than that of the medidl
one.

The proximal posterior corner of the medial tibial condyle dees not con-
tinue in the contour of the medial tubercle, but is formed by the junction of
the two orcucte contours of the central and medial margins of the socket.
This point is always identificble {point B on Fig. 11). The medial socket is
concave and more retroverted thon the lateral one, so that its anterior port
is at a higher level. The long concave line con be troced from point B in
the anterior direction right to the beginning of the medicl tubercle (point A
on Fig. 1l1). The onterior, A, ond pesterior, B, points of this line serve as
landmarks for setting up a baseline, gl, on Fig. 11. On this line the paro-
meters on the lateral film are measyred, In the "neutral position 90°" as
well os in rotation the posterior arcuate contour that can be traced from
the lateral tubercle should be used as a lardmark when meosuring the poro-
meters and so should the proximal 1 em of the posterior arch of the medial
condylar contour. The foct is thot these two ore the easiest contours to
follow during rotation.

On the anteroposterior films in the "140° position" the femoral con-
dyles always present each os a shorp convex contour, well-suited for placing
o connecting line, "tangent” ll’ Fig. 9, through the two distel points. In
between, the fossa intercondylaris presents as a concavity. Approximately

parallel with the concave arch of the fossa there is the arch of the inter-
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Figure 9: Placing measuring lines on the a-p film ond reoding of pare-

meters. Top: without load. Centre: dbduction. Bottom:
adduction. The loteral aspect of the joint is indicated by the heod of
the fibula. From (4): Acto Radiologica, Diognosis 18 (1%77) 113-125.

condylar eminence, biphasic in the great mojority of cases, ‘the medial and
loteral tubercles being clearly distinguishable, In o few cases, however,
the two tubercles form an even convexity. As o rule, the medial tubercle
is taller (1}.
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The tibiol condyles usually form two contours each, their margins - and
the landmarks selected ore the distal peinits on the distal contours. These
londmarks are employed for plocing the tangent, 12, on Fig. 9. As a rule,
these points are on the anterior edges because the knee is flexed 10% in re-
lation to the central beom. Extra contours may occur, the tubercles continu-
ing into the joint surfoces. Dense contours may alsc be seen beneath the joir
surface, being formed by dense trabecular formations subchondrally. Empiric-
ally, the distal point of the medial tibiaol condyle can always be located.

If the distol point on the lateral condyle cannot be loccied, l2 is placed
through the corner of the socket laterally.

The radiogrophic anatomy of the corners of the lateral and mediol con-
dyles is extremely voried, Therefore, special rules were needed for placing
these measuring lines, 13 and 14, on Fig. 9. They are placed at a right ongle
to 12, tangentially to the most medial point of the medial tibial condyle arc
most loteral point of the lateral tibial condyle respectively. The contours
medially ond laterally on the tibial condyles may be regular as in Fig. 9,
but they may also be irregular as shown in Fig. 10: Insteod of arching direct
into the ocutermost point of the condyle, the cortiloge-lined joint surface
may be separated from it ot its edge by a small incisure. If so, 13 or 14 is
placed at the incisure or ot the most prominent point just proximaol to it.

In placing the lines, no regard is paid to osteophytes, if presenmt (4).

5d 2.3: The following porometers were measured on the a-p view (Fig. 9):
distance a, cut off on 1y and distance b on 1, applying to the unlooded kree
joint in "neutral position 160°". Distance ¢, cut of f on l3 during volgus
stress and distance d on 14 during varus stress (3, 4). Then, abduction
instobility or "medicl imstability" moy be expressed, as suggested by Kennedy
and Fowler (1971): c¢-a ond adduction instobility or "loteral instebility":
d-b for eoch lower limb seporotely. Another possibility (3, 4, 5, 6, 7) is
to tabulote the maximally possible distance between the condyles during stress,
viz. ¢ and d, in o material of normal, uninjured control persons (for use
particularly in patients with bilateral injuries). Or else the differences
in these distonces between the right and left knee: cp ~ ¢ ond dp - dL
(for use in unilaterol injuries which agre by far the most common). The
distances are measured by a Vernier gauge im mm with one decimal.

The parameters im the lateral view (4) are measured on the rmomed base-
line, gl, through points A and B on Fig. 11. All other meashring lines are
ot right ongles to it. 11 is ploced gs a "tangent" to the anterior con-
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4 exostosis

Figure 10: Different configurotions of the tibial condyles in the a-p view

to illustrate the rules for plocing tangents l3 and 14 te the
medial and loteral tibial condyle respectively at right angles to 1, {cf.
Fig. 9). Note 13 drawn through osteophyte (exostosis) without paying regard
to it. From: Acta Radiologica, Diagnesis 18 (1977), 113-125.

tour of the medial femoral condyle, and 15 as a "tongent"” to the onterior
contour of the femorol articular surfoce for the potellao. 12 is a "tangent"
to the posterior contour of the lateral tibial condyle, 14 to the posterior
contour of the medial tibial condyle. The proximal 1 cm of the posterior
margin of this condyle forms @ rounded arch; 14 should be placed through

the posterior edge of this arch. Point § is the point of intersection be-
tween the posterior contour of the medial tubercle and the baseline (gl).
2¢ distonce f
betweel 1, and 14, ond distance E between 15 ond point § on the loteral film
of the unlooded knee. During forward stress on the tibia the correspending

Distonce e is cut off on the baseline between l1 and 1

distonces are called g, h, and G respectively, and during posterior stress

i, j, and I respectively. Distances e and g express the position of the



Figure 11: Contours of the knee joint and measuring technique on the laterol
rodiograph. Urbroken lines: Lateral femoral condyle, tibial condyle, ond
lateral tubercle. Broken lines: Medial femoral condyle, tibial condyle,
ond medial tubercle. Dotted lines: On the femur: Femoral articular surface
for the patella ond Blumensaat's line. On the tibio: Anterior morgin, tuber-
osity, crest of area intercondylaris anterior. gl: Boseline through the
anterior peint, A, and the postero-superior point, B, of the medial tibiaol
joint socket. S point of intersection between the posterior contour of

the medial tubercle ond the baseline. Lines ll to 15 are ot right ongles to
gl.

Distonces E, f, and e are shown on the drawing as they oppear on the
unleoded joint. The corresponding distances during trection are indicated
on the left: G, h, and g, during pressure on the right: I, j, and i.

From Acto Rodiologica,Diognosis 18 (1977), p. 118.
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loteral tibial condyle in relation to the loterol femoral condyle, in the
unlooded knee ond during forward stress on the proximal end of the tibia
{troction). Then, e-g signifies the forward displacement of the lateral tibial
condyle during traction aond, in cnalogy, f-h the corresponding forward dis-
placement of the medial tibiol condyle. E-G denctes anterior displocement
measured between centrally situated points. Therefore, this distonce is theo-
retically less aoffected by possible rotation in the joint. Table 1l gives a
survey of the distonces meosured ond the onteroposterior displocements. All
colculotions were carried out for the right as well os the left knee, aond

it is therefore possible to assess differences between the two sides.

To express the total anterior displacement of the tibial condyle the
method uses the mean of the anterior displocement of the lateral ond medial
condyles: ({e-g) + (f-h))}/2. E-G is an upprbximcte measyre of the total on-
terior displocement. Correspondingly, the posterior displocement during
pressure on the loterol tibicl condyle is i-e, on the mediol condyle j-f,
the central tibial part (I-E), and the total posterior displacement ({(i - e)

+ (j - f))/2. The formulae for the total anteroposterior displocement are

given in Table 1.

5d 2.4: Rotation as calculated from the parameters:

Parameters and measyring lines are shown on rodiogrophs, Fig. 12. The
above-mentioned rotation during traction and pressure actions in the normal
knee joint may be seen from this figure merely by following the movement of
the fibula.

During forward stress (troction) on the preximal end of the tibia the
laterol tibial condyle in sound knee joints is seen to beceme considerably
more displaced than the medial one. This indicotes interncl rotation of the
tibia in the 90° flexed knee on o vertical axis {in the longitudinal direc-
tion of the tibiol shoft). This rotation durimg troction is net equal to
the maximum possible internol rototion of the tibio im relatien to the femur
(pronation) in the unlooded $0° flexed knee joint. The rotation during
troction tokes ploce with tout ligoments unlike the laox ligaments ot rest
which permit greoter rototion. Expressed by parameters, this manifests
itself in (e - g} > (f - h) in normol knees. On pressure there occurs: Ex-
ternal rotation, supination, expressed by (i - e) > (j ~ f). Thus, the total
anteroposterior movement is shown to be greoter in the lateral thon in the
medial joint chamber, in occordance with centuries of anatemicol knowledge

{vide supra). The figure also demonstrates the change in parameter size
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Figure 12: Radiogrophs of the unloaded joint (middle) ond the joint during
troction on the tibiol condyles {drower moneouvre forward) {top)

and pressure (bottom); position of foot nevtreol, i.e. rotation = 0, Meas-

uring films furnished with lines at right angles to each other indicated in

position for measurement. The measurements are normally made on the baseline,

but in order to preserve the contours in the area measured e, f, g, h, i,

and j are projected distally.

Note how the fibula moves forward on troction and bockward on pressure
in relation to the femur as well as tibia. The lateral tibial condyle moves
in the some way in relation to the medicl tibial condyle. In other words,
the laterol tibiol condyle moves most, i.e. o rotation is detectable with the
noked eye: external on pressure and internal on troction (in accordance with
the definitions of rotation in (4).

Moreover, it can be seen that i > e> g ond that 3> f > h.
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Table 1 Parometers meosured on the lateral rodiogroph and formulae for cal-
culating anterior ond posterior displocement of the tibial condyles.

Distonce between anterior points {on _he femur) Names of parameters and
and posterior points (on the tibia) formulae for displacement

oll

Meosurements in "neutral position 907" (ne

stress on the knees):

for lateral pair of condyles
for medial pair of condyles
for central points (15 and §)

™ =h @

Measurements during troction on the tibia:

for laterol pair of condyles e
for mediol poir of condyles h
for central points G

onterior displacement of latercl tibial condyle e-g
onterior displocement of medial tibial condyle f-h
anterior displocement of central part of tibia E-G
anterior displacement of proximal end of tibia

{mean of lateral ond medial condyles) {e-g}+(F-h)
Measurements during pressyre on the tibia:

for lateral poir of condyles i

for mediol pair of condyles 3

for central points I
posterior displacement of lateral tibial condyle i-e
posterior displocement of medial tibial condyle j-f
posterior displacement of centrol part of tibia I-E
posterior displacement of proximal end of tibia

(mean of laterol and medial condyles) (i-e)+(3-f)
Total onteroposterior displocement:

of loteral tibial condyle i-g

of medial tibial condyle ‘3-h

of central part of tibia IG

of proximal end of tibia (mean of lateral and
medial condyles) {i-g)+{j-h)
2
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from neutral position to decrease during troctiom ond increase during pressure:
for the lateral tibial condyle i > e > g, for the medial condyle j > f > h.

For rotation, the following formulae con be set up by the aid of the
paraometers alreody described (cf. aolso Addendum I):

As regords rotation without traction or pressure stress, Fig. 13, it
cpplies in external rotation that distonce e increases: Caxt. rotated
(er oxt. nevtrol (en), the loteral tibial condyle moving

backward. €159 oyt OF €300 ot indicates the rototion of the foot in circle

or €450 .+ etc.} > e

degrees; rotation in the knee is considerdably less. The formula (en - e, ext.)
is negative. The mediol tibial condyle, on the other hand, moves forword in
relation to the femoral condyle, so thot parometer f decreases. Therefore,

the formula (fn - f ext.

The reverse cpplies in internal rotation: (e

) is pesitive.
N e int.) being positive
and (f'n - Fr ext.) negative.

As an expression of total rotation of the tibia the difference between
the two oppositely directed movements is used, colculated with + and - signs.
The formula ((en - er) - (Fn - Fr)) may be used generally for rotation with-
out a pressure or troction stress, induced e.g. by o rototion oction upon the

foot. The formula is negative in external rotation of the tibio, positive in

internal rotation. Numerically it increases with increasing rotaotion, as it

corresponds to the sum of the numerical values; the negative or positive sign
indicates the direction of rotation, cf. Addendum I[.

During traction on the proximal end of the tibia the formula ((e - g)
- (f - h}) is oppliccble as on expression of rotation. It is negative in
external rotation, positive in internal rotation, Addendum I.

During pressure ({i - e) - (3 - )} is used. This formula is positive

in externol rotation, negative in internal rotation. The latier two sets of

formuloe can be used alsc on traction and pressure stress from on initicl
position of rotation, Addendum I.

Further mathematical formulae can be set up for measurement during
traction and pressure with rotated foot, compared with the unlooded initicl
position "neutral position 90°", Addendum I. It was necessary to find normal
values, in the form of upper 97%% fractiles in normal knees, for all these
quantities before on assessment of injured knees was possible. In addition,
the calculations are best based on the difference between a person's two
knees for all these formulae (3, 4, 5, 4, 7, and Addendum I).
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Figure 13: Rodiogroph of the right knee of o 24-year-old woman. The base-
line is shown. Porometer e is cul of f between the two broken tangents,
porameter f between the two unbroken tongents. In the middle: neutral posi-
tion of the foot; at the top: exposure with 15° externally rotated foot; ot
the bottom: exposure with 30° internally rotated foot. The rotation in the
knee joint is observed by looking at the heod of the fibulo which moves
bockward om external rotatien and forward on internal rotation, in rela-
tion to the tibiol condylar massive, It will be seen also that €15° ext. >
and that F15° ext. < f30° int" By the measurement

®heutral ’ ©30° int.

it can be ascertained that F15° < F < F30°

ext. neutral int.’
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5 d 3: Accurocy of Method: Error of Methed aond Inaccurocy of Megsurement

Theoretically, o distinction can be made between errors of method due to the

opparatus and rodiclogical method and inoccuracy of measurement on repeoted

radiography ond measurements on the X-ray films of the same distonces (poro

meters) in the some subjects.

5d 3.1: Error of method
5d 3.1.1: Magnification: This con be regarded as a constant error of method

for which correction con be mode. However, this applies only with approximg-
tion. .
The named mognification foctor of 1.1 or 10% mognification on the X-ray
film is a mean. A range from 3% to 15% for the articuler parts closest and
farthest from the film must be tdken into consideration.

A 15% mognification has been found,on the lateral view in 2 caoses,
of a metcl wire placed on the skin over the head of the fibula. This is a
londmork net used in the measurements. It represents the dbsolutely outer-
most point of the knee joint. Simultoneous meosurement of a metal wire over
the tibial tuberosity showed o range of &% to #%. In this view the lond-
mark for the loteral tibical condyle is ot the same plone parallel to the film
as the tuberosity. Therefore, the magnification is up to 9% in "neutral
position 90°". The londmark for the medial tibial condyle is closer to the
film and therefore the magnification is less. In this position the mognifice
tion ot the level of the landmorks therefore hardly exceeds 10%. '

A tibicl rotation of 90° is required to bring the posterior surfoces of
the tibial condyles merely in the vicinity of the named exireme position with
15% mognification. Such rotation was not observed, not even in the injured
material. In the normal moterial rotation of the knee may amount to cbout
15° at 457 rotation of the foot (Addendum I).

The difference in mognification between the medial landmarks close
to the film and lateral londmorks for from the film, which are in foct fairly
close to eoch other, is estimoted to be dbout 5%, viz. from cbout 5% medially
to cbout 10% loterally., The distance between the two landmarks on the tibia
measured on a specimen is dbout half the diameter of the entire tibial com
sole, Addendum I. o

On the a-p view the heod of the fibula and the posterior medial corner
of the medial tibial condyle are the creas close to thes film and at the same
time to the skin. Here, the measured mognificotion is 3% to 7%, while ot
the level of the tibial tuberosity it is &% to 11%. As the anterior margins
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of the tibio are used os landmarks in this projection, the latter figures
are more relevant.

The difference in magnificotion between londmarks close to ond far
from the film moy be imogined to exert on influence in the fellowing situao-
tions {distertion):

Assessment of the displocement of the two tibial condyles in the antero-
posterior direction on the latercl view. This includes a contemplation as to
whether the greater mobility of the loteral tibial condyle may be imogined to
be due to the projection. This caon be rejected {reflection 1), as the named
movement in normal knees during troction and pressure in the "neutral posi-
tion 90°" avercges 7.5 mm for the lateral ond 3.9 mm for the mediawl tibial
condyle. The ratio 7.5/3.9 = 192.%%. In other words, the lateral condyle
moves, on the averoge %2.3%~100% more than does the medial cne (4). Thereof,
the difference in mognificotion con amount to only dbout 5%.

Role of the rotation of the object, viz. the tibig, in calculating roto-

tion on the lateral view: On internal rototion of the tibia in relotion to

the femur, the landmarks on the posterior aspect of the tibig move outward.
The magnification of their contours increases by dbout the same percentoge.
Therefore, the porometers (distonces) measured to the reference tangents to
the femoral condyles are magnified to the same extent. All the rotation for-
mulae are expressed as a difference between these distances. The resulting
line segment, used to express rotation, is therefore increosed by the same
percentoage.

During external rotation the difference decreases numerically, the
mognification getting reduced when the landmarks on the posterier aspect of

the tibio opproach the cassette. This is reflected in the figures which are

lower than during internal rotation (6).

These two foctors tend to eliminate eoch other in calculations (by the
formulae) of the total, greater mobility of the lateral tibial condyle. It
consists of the numerical value for internal rotation plus the numerical volue
for external rotation. Therefore, the conclusion of reflection 1 remoins

valid.

5d 3.1.2: Poarallox arises when the rodiotion source moves in relation to
the object or the object moves in relatiom to the rodiotion source, while
" the plane of the film is unchanged (5chinz L928). The angle between the
central beom through a peoint in the ocbject in the two extreme positions is
defined as the parollax. It gives rise to distortion on the X-ray film, a

parallax error. It was endeavoured to counteract this error by the rodic-
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graphic technique vsed. In the loterol projection the X-ray tube was moved,
during the stress oction intc the some direction as the object {the knee joint
Thus, the cenircl beam has been constantly at right angles to the cassette
arnd also constontly directed towards the lateral epicondyle of the femwr. Thu:
the radiation source ond the ocbject have moved equally in the same direction,
in planes parallel to that of the film. Thus, parallex errors do not occur.

Neither object nor rodiotion source moves in the a-p projection (for
abduction or adduction stability) in which the thighs are fixed, An angulo-
tion through the centre of the knee only moves the central landmarks slightly,
and in proctice the possibility of o porollax error con be disregarded.

In the a-p projection there occurs o specicl form of rotation in which
the entire knee rotates, the femur aond tibial condyles at the same time and
in the some direction. This rotation occurs mainly in the hip ond onkle
joints. Rotation between the femur aond tibia is minimal. In dbduction, in
which the whole knee rotates slightly inwards, measurement will, theoretic-
olly, show porameter ¢ to be the smaller the greater the internal rotation,
the landmarks being cleser to the film. In odduction, in which external roto-
tion occurs, parameter d, now closer to the film, will theoretically oppear
the smaller the greoter the rotation. But this was not reflected in the
measurements, neither ameng the 100 normel subjects nor in 2 specially examine

anes.

5 d 3.2;: Inoccurocy of Measurement

5d 3.2.1: Inoccuracy of measurement in repeated exposures of the same paro-

meter in the same person. Measurements on X-ray films carry a certain inaccu-

racy, the three-dimensionol beny object being projected to o two-dimensional
picture with mony contours superimposed on each other. The contours alter.
during possible rotation, ond therefore any chonges in the contours and change:
of the londmarks hod to be studied during rotation of the knee joint in a
beam of constant direction (2). These investigations showad that given lond-
marks con very easily be followed during retation, but thot some, slight
change of the contours occurs. This is reflected in some inaccuracy in
assessing ond measuring linear distances on the film. In this sense, the
physical facters mentioned‘u.nder Error of Method contribute to the measuring
error. 1t was tested during dbduction and odduction stress of 9 kp as well
as during traction and pressure of 30 kp, From Addendum I it will be seen
that greater dbduction ond adduction forces (18 kp) and lesser traction (13
kp) or pressure forces {18 kp) proved unsuited. The inoccuracy of the measure
ment was tested by duplicate studies {the test-retest method) in 34 cases and
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triple studies in 33 cases. In this investigation the avthor used coding
of film envelopes and blind, rondomized measurement of the parameters as
well as two different statistical methods, one in the test-retest study ord
onother one in the triple study. The results agreed.

At these stress forces the inaccuracy of the measurement was determined,
with 95% confidence limits, as ¥ 1,2 mm for medial and lateral stcbility and
as ¥ 2.4 mm for anteroposterior stability, without correction for mognifica-
tion on the film. With correction, the corresponding values were + 1.1 and

¥ 2.2 mm. Such investigations were not reported by Kennedy oand Fowler (1971).

5d 3.2.2: The reading incccurocy of the measurement on repeatedly reoding

the same parameter on the same film is of less interest. It was tested for
parameters c, d, e, and f, in 45 knees of the moterial Cb’ i.e. twice 45 paro-
meter reodings (right knees) for eoch of the nomed porameters. These read-
ings were blind and randomized like those mentiormed above. For the duplicate

reodings the same stotistical formula was used as in studying the inaccuracy
of the meosurement in the test-retest investigations. For the naned paro-
meters the inaccyracy of reading was dbout two-thirds of the inaccurocy of

measurement (Addendum I),

5 e: Examination Procedure

5 e l: The first step is investigation of dbduction and adduction stdbility

in  the "meutral position 140°". After the apparatus has been connected to

the power supply, the subject is dressed in o leod cope and f ostened to the
seat. The feet are fastened in the boots on slides onteriorly. The cuffs
around the thighs ore inflated before each action upon the joint and deflated
ofter each exposure. The height and antercposterior position of the segt as
well as the anteroposterior position of the boots are odapted to limb length
and to 20° flexion in the knee joints. The ongle measurements are made with

o long-armed goniometer from the greater trochanter to the latercl epicon-
dyle of the femur {vertex) and lateral malleolus. The laorge cassette holder,
which forms an angle of 10° with the horizontal plane, is mounted. The X-ray
tube is odjusted so that its centre is dbove the joint line of the knee, mid-
way between the two knees,; tilted 10°. An exposure is maode in the resting
position, with the limbs unlooded ond at such short distance that the patient
feels that the leg is relaxed and unoffected. Thereafter, an exposure is made
during simultaneous dbduction of both lower legs and ancther exposure during
simultoneous odduction of both lower legs (force normally % kp). The odjust-
ment of the foot support and the height of the cossette holder are recorded
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(for use in possible subsequent repeat measurement). In gll examinations
the patient is told to relox his/her muscles as completely as pessible.

Then, the patient’s feet are fastened in the boots on the floor of the
machine, and cuffs ore opplied around the malleolor region. The piston shaft
for anteroposterior stress upon the knee joint is fostened to the right knee
by a cuff around the proximol end of the tibia. After odjustment to neutral
position 90° a lateral film is taken first of the unlooded knee joint. The
X-ray tube is odjusted at right angles to the cassette, now placed sogittally
between the potient's knees. The lateral epicondyle of the femur is marked
with India ink, and the central beon is directed ogainst it. In exposures
during traction and pressure (force normally 30 kp) this point will be dis-
ploced {often by 30 mm) in spite of the cuff, owing to shifts in the soft
tissues of the thigh. Therefore, the tube is moved, so that the central beam
again hits this point. Thit counterocts distortion on the film (parallox
error). For each exposure the cuffs arcund the thighs are inflated to o pres-
sure of about 300 - 350 mm Hg, but are deflated between each exposure to
allow free circulation in the lower limbs.

Before exposures of the left knee gre started, the gonylaxometer is
turned 180° on its central swivel foot, so that the X-roy tube meed not be
moved. All actions upon the joint are kept within the pain limit in healthy
subjects {i.e. the stresses menticned obove) to avoid haorm to the ligaments.
Control measurements of the hydroulic stress action (checking the manometer
scale} were done for each 10 subjects. In patients, effusion in the joint is
drained before the exomination, and in the case of fresh injuries local anees
thesia is applied to tender sites around the joint. General anaesthesia coub

not be used in such o busy department.

5 e 2: Determining the number of stondard exposures ond the standard method

for calculating instability:

The rumber of exposures should be restricted os for os possible while ot the
same time os much information as pessible is collected. The restriction is
out of regord to the rodiqtion dose and to the time foctor. For these reasons
two suggestions will be mode below.

The former must be an dbsolute minimum demand. It consists of two ap
exposures of both knee jointé ot the some time, one during abduction to
measure parameter ¢ and one during adduction to measure parameter d, and three
laterol views of eoch knee joint in a neutral position of the foot, one ot

rest, one during troction, and one during pressure stress, This offords a
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possibility of measuring lateral ond medial instability (set of A ond B for-
rrﬁlae, Table 1, Addendum II). Further, it permits measurement of anterior
and posterior displocement of the tibia in relotion to the femur (Cn’ Dn' and
En) and supplies two expressions of rotation (Fn ond Gn). These two formulae
procured 66% of the infermation concerning rotation found in the clinical
series (Addendum II).

The second suggestion is o slight extension of the number of exposures,
viz. 2 loterals of eoch knee in 15° external rototion, one without loading
ond the other one with 30 kp traction. This gives, in oddition to the dbove-
mentioned information, onother four expressions for rototion (formulae Fl5'
C15’ Hn15° ext. and Fnl5° ext.? where 15 ext. signifies 15° external rotation).
As is apparent from Addendum II, this extension, which increases the number
of exposures to 12, gave 92% of the rotation findings.

Further examinotions were mode with pressure in 15° external rotation
as well as in 30° internal rotation ond 30° externol rotation of the foot
(unlooded position, troction and pressure}, but the extro gain from these

examinations was slight.

5 e 3: Establishing Criticol Levels
As the inaccuracy of the measurement hod proved to be ¥1.2 mn for lateral
and medial stobility and % 2.4 mn for anteroposterior stability, it seems most
reasoncble to state the results in whole mm in the future. Measurements ond
calculations are still performed with 1 decimal. The critical levels of 2.0
and 3.0 mm used in (5) are thus alsoc rounded of f to whole ciphers:

2 mm for medial and lateral stdbility ond

3 mm for onteroposterior displocement ond rototory instability.

This means that:
values < 2 mm are normal ond values z 3 mm dbnormally elevated for medial
and lateral stability,

As regards anteroposterior displacement and measurement of rotation:
values g 3 mm are normal and volues 2 4 mm cbnormally elevated (colculoting
the parameter value of the injured minus that of the uninjured knee).

Such rounding off is in fact a very slight "moving of the critical
level" from 2.0 to 2.4 and 3.0 to 3.4 mm respectively, cf. Addendum II. The
diagnostic probabilities: the predictive value of a positive teSt'PVpos.
{in Danish: diognostisk specificitet} and the predictive volue of o nego-
tive test, PV _  (in Danish: diagnostisk sensitivitet) (Vecchio 1944,
Wulff 1973 a), are only slightly altered by this re-odjustment. In fact,
the Pvpos. is not altered at all, neither for medial and lateral stability
nor for onteroposterior stability, This probability has a very high score,
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i.e. the prediction of a pathologicaol condition is very certain (Addendum
1I). This means thot if the test is positive, also with these new critical
levels, it is olmost 100% certain thot there is on injury to the tested
structure, either a collaoteral or o cruciate ligament. The PVnég. alters in
the case of anteroposterior instability only from 94% to 94%. This means
that here too it maoy be deduced with on almost equolly great certainty that
a negative resylt of the test meons that there cannot be a (total) rupture
of a cruciate ligament. For mediol instdability, however, the PVneg- changes
from 92% to 86%. But as mentioned in Addendum II, this lewering is dve to
the fact thot small injuries with small inmstabilities ore no longer caught
by the test. Now, it has to be said, with o probability of dbout 14%, that
in spite of a negative result of the test there moy be o ligament injury.
Since, however, such slight injuries usually do not indicote surgery, o low-
ering of just this Pvneg. is not of much importance.

The clinical value of the test, thus, remains unaffected by these ad-
justments of the critical levels (cf. Wulff 1973 b).

In general, the risk ond discomfort to the potient at gonylaxometry
are slight. 8 - 12 exposures of the knee do not amount to a large irradiatier
dose, and the method as used here does not result in further rupture of
partially ruptured ligaments. In a few cases, however, it has entailed pain,
and if so it has been interrupted (fresh injuries).

Thus, even after roynding of f the calculoted volues aond critical levels
to whole ciphers in the way stoted, the test has proved fully valid occerd-
ing to prospective clinical testing {Addendum II).

Whether it is reasondble to use the 97%% upper limit from o "knee
sound" pepulation as the critical level in o test depends upon the conse-
quences of fixing this level, and such examples of fixing different criti-
cal levels have been discussed by Wulff (1973 o) ond by Baden et ol. (1971).
In their cases, however, enzymatic tests were moade, with morked overlappirg
between the test values for normal and diseased populatiens. In gonylaxo-
metry, which is performed in cases of well-defined injuries, there has been,
with the rounded critical levels based upon 97%% fractiles, little over-
lapping of results for narmal persons ond persons with clinicaolly significoni

injuries.

5 f: Contro-indicotions to the Examination 7
Contro-indications will be discussed in Addendum 1I, but will be briefly out-
lined here:




(2)

(3)
(4)
(5)
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Life-threatening corditions to be given preference to orthopaedic
surgery.

Conditions in which the popliteal artery is injured or threatened
{e.g. dislocation of the knee) and conditions in which the peronecl
nerve is paralysed.

Complicating, major froctures of odjocent bones.

Intra~articular fractures of the knee.

Conditions in which rupture of o ligament has been ascertained by
ploin radiography (bone avulsions at the sites of insertion or origin)
in which it may be fedred that the method will imcrease the injury.
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CHAPTER 6
PRESENT INVESTIGATIONS: RESULTS

é a: Examinotion of the Knees of 100 Normal Persons ond Discussion

5al: Composition and relevance of the materiol

The presuppositions for being able to describe ond measure disorders by a
given method are knowing the normal limits, the "normal ronge", and the accu-
racy of the method. The latter aspect was described in the preceding chopter,
but the deductions drawn there are also based on the examingtion of the nomadl
knees to be discussed here. _
100 nermol persons with sound knees were examined {Addendum I). The cri
teria of normality are described in the Adderdum. It wos substantiated that
the composition of the group with respect to aoge and sex was completely homo-

geneous and corresponded in oge to the group of patients who empiricolly are
most apt to sustain injuries to the knee ligaments, vis. mainly during the
oge range 20 to 50 years. Thus, the oge distribution of the normal material
is relevont. |

Among the lost 50 contrels {group Cb), it was demonstrated that no
systematic difference exists between the parometers of the right and left kree
Therefore, it is possible t¢ calculote the nomal differemce between the two
legs os regards the various parameters for ligament instability by using the
numerical difference (/cR - cL/(mediul instability) as an exomple). It was
found that despite o morked difference from one person to another in oll parc
meters - the "normal range" being very wide - the difference, including the
error of measurement, between the two normal knees of the same person was al-
ways very small, Accordingly, it is permissible to use as critical levels,
i.e. the borderline ogainst disorders, 2 mm for medial ond laterol instability
and 3 mm for anterior or posterior displocement for the difference between o
person's two knees. This methed of colculation proved to epply unchanged from
20 kp te 30 kp troction ond pressure, ond it rerders the volues independent ¢
sex, height, leg length, ond body weight which offect the upper ?7%% limits fc
the variations in the paramters fer eoch leg separately. The foct is that o
greater dimension causes significently higher values for the parameters. This
opplies to height, leg length, as well as body weight. It has been demon-
strated also that the difference in porometer size between the two sexes is

due to a difference in dimension between the two sexes (Addendum I).
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6 a 2; Different possibilities of measyring the various types of instability
were investigaoted. Thus, medial instability was measured as a line segment,
a, on the rodicgroph of the unlooded knee joint in "neutral position 160°"
in relotion to the analogously cut of f line segment, ¢, dering abduction, the
difference, c¢-a, indicating medial stcbility or instcbility. In the some way
a difference between line segments, measured lateraolly at rest ond during od-
duction, dencted lateral stability or instdbility. These measurements were
soon simplified to colculating the difference between the subject's two knee
joints during stress, viz. /cR - cL/ for medicl instdbility and de -~ dL/ for
lateral instability. This olterction was done becouse the position at which
the subjects felt the knees were ot rest did not seem well-defined. However,

subsequent contrel calculations have shown that these quontities measured ot

rest, a ond b respectively, did not corry a greater inoccurocy than the measure
ments during stress, medially ¢ and laterally d, It must be odmitted, then,
that the method of Kennedy ond Fowler {1971} {c-a) is just as occurote as
/cR - cL/. However, the method of Kennedy and Fowler was abandoned for another
reason: one exposure and two measyrements with appurtenant calculatfons were
obviated (Addendum 1).

It was ottempted olso to use “landmarks" in central parts of the jeint
to measure anterior or posterior displocement of the proximal end of the tibia
- i,e. o single difference in parometer to denote a possible anterior or pos-
terior drower sign (4). This is procticable too, and the inaccuracy of this
method is proctically the some as that of the present one. The latter consists
in measuring the displocement of eoch tibial condyle separately in relatien to
the respective femoral cordyle and using the meon as a measure of the displace-
ment of the proximal end of the tibia. This is done on the sane X-roy film, so
that it does not imcreuse the number of exposures. It gives the same result as
measurement by the aid of central "landmerks", and - most importont of all - it
simultaneously offords o possibility of calculating the rotation. Therefore,
meosyrement from centrol "londmarks" was dbandoned - ogoin to restrict the
number of paremeters {Addendum I).

é a 3: Rototion can be found ot troction and pressure in the neutral position,
and it can be demonstrated by rototion of the foot only, without traction or
pressure, ond by troction and pressure in positions of rotation of the foot.
The formulee for rotation in these cases have been given above under "Method,
ond their criticol levels have also been deduced and investigoted on the basis
of the normal matericl (Addendum [}. These formulae express the rotation as
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the difference in displocement between the tibial condyles in mm insteod of os
degrees of an arc.

Other methods were also tested with this set-up, i.e, the gonylaxometer,
because other workers haove measured by externally fastened opparatuses, using
the degrees of on arc - so that conversion to such degrees focilitotes a com-
parisen. This revealed a mean external rotation in the knee joint of 15° at
45° external rotation of the foot and an internol rotation in the knee joint
of 13° at internal rotation in the foot of 45° from the "neutral position 90°".
In these extreme positions the subjects reported a sensation of pain in the
knee joints - ond forced rototion ogoinst such poin was not attempted. The
mean of the total excursion of 28% would probably have been higher in that
event, as indicated by previous studies in vive. In the codaver, on the other
hand, the rotation has proved less at 90° flexion in the knee (vide infra).
Attempts at a trigonometric calculation of the rototion on the bosis of the
parameters measured on the X-ray films showed a fair ogreement with the ex-
terﬁol measyrements in o small series of 12 subjects (Addendum 1). However,
both of these latter forms of measurement carry marked inoccuracy - on inoccu-
rocy which increases in the presence of deviations from normal, i.e. in liga-
ment injuries and dbnormal rototions, the very objects of study for which the
opparatus was developed. The inaccurocy will be explained in more detail in
Addendum I. It is less than it would be on rotation measurement in a cose of
ligament rupture in the way suggested by Ouellet et al. (1968). These workers
uvsed the rotation centre, and thereby the length of the radius, in their col-
culation, This is not possible in on irmjured knee, in which the rotaotion
centre is unknown. By the trigonometric method used in connection with the
gonylaxometry, the calculation is still possible, but the inaccuracy increoses
with imcreasing rotation. Therefore, it wos cbondoned.

More thon holf the rotation tdkes ploce in the ankle joint in this set-up,
as it is not stiffly immcbilized. The same opplies to the clinical test of
Slocum and Larsen (1948). Therefore, investigations were carried out with the
foot fixed, both in 15° external rotation ond in 30° external rotation in order
to imitate as far os possible the test of Slocum ond Larson (1948). In clinicdl’
practice, they performed this test according to discretion, describing it os
being performed with o 90° flexed knee "and the foot ond leg externclly rot-
ated 15 degrees", clu somewhat inoccurate statement, as according to the present
findings the foot rototes mere than twice as much as the knee joint.

The mognitude of rotation in normal knees can be stated in different ways,
cf. Chopter 5, d 2. The numerical values for the formula ((en - er] - (Fn - f'l_]]



Table 2, Standard values of knee stability in healthy subjects: X b nu! x 8§D, 174"+ 17¢ . Abduction -

n -

and adduction - force: 9 kg, pushing - and pulling - force: 20 ky, For 34 subjects: toy = 2.03,
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standard upper limit
stabllity measured parameter values (mm) 5D {right-left) SD
X*t, xsD X+ t, x 8D
medial=valgus=abd., c men s 5.8-12.1 1.3 men A& Womans
women : 5.2-9.8 1.2 1.4 0.4
lateral=varus=add, d hoth sexes: 9.2-16.9 1.9 2.0 0.6
ant, displacement:
lateral cond. e -g both sexes: 0.2-8.8 2.1 3.1 1.0
medial cond, f-nh both sexes: 0.0-5.5 1.5 2.5 0.7
average lecg)xif=h) both sexes: 0.0-7.0 1.7 2.6 1.5
posterior displacement:
lateral cond, i-~e both sexes: 0.2-6.0 1.4 2.9 0.8
medial cond, j-f both sexes:; 0.0-3.4 0.8 1.9 0.5
average MWHMPWMMHMP both sexes: 0.8-4.1 0.8 1.9 0.8
total a-p displacement:
lateral cond, i-g both sexes: 3.1-12.0 2.2 1.1 0.9
medial cond, i - both sexes: 0.2-7.5 1.8 3.1 0.9
Average Mg 7h) potn sexes: 2.0-9.5 1.8 2.7 1.8

From : Acta orthop.

scand, 47, 335

- 344, 1976



- 70 -

which denotes rotaotion in the knee joint on rotaotion of the feoot alone, with-
out anterior or posterior stress, are given in Addendum I, Tables 22, 23, and
33. For each knee it averoges 4 mm at o 15° external rotation of the foot, 8
mm at 30° external rotation of the foot, ond 6 mm at 30° internal rotation.
The 97%% upper limit is 12 mm at 30° external rotation. Rotation of the knee
at traction and pressure in a neutral position of the foot is somewhat less:
range at troction up to 5 mm and at pressure up to 7 mm. Difference between
right and left knee < 3 mm. These and other rotation measurements are given
in Addendum I, Tdbles 29, 30, 31, ond 32.

6 a4: Mognitude of loteral ond mediol stability and o-p displocement
Contemplation of Toble 2 aoffords an impression of the mognitude of mediol sta-

bility, parameter ¢, on valgus stress uypen mormal knees: 5 - 12 mm, Lateral
stability, porameter d, ronges frem ? - 17 mm. The difference between a
person's two knees is within much narrower limits: wupper limit of,&R - cL/
1.4 mm, of /dR - dL/ 2.0 mm.

Table 2 also shows the o-p displocements of the tibial condyles ot a
neutrol positien of the foot. Here too, the difference between a person's
two knees is considerably less marked. Incidentally, the anterior and posteri-
or displacement of the tibial condyles in relation to the femoral condyles
in the same knee during troction or pressure vary according to the initial posi-
tion in which the foot hos been fixed (Tables 19, 25, 26, ond 27 in Addendum
I). There moy be onterior displocements up to 10-12 mm for one condyle in a
normal knee and up to 17 mm of total antercposterior displocement for one con-
dyle. However, the total onteroposterior movement is always greater in the
lateral joint chember, cf. Tables 19, 25, 24, and 27, 5th coclumn, in Addendum
I.

Within the normal materiol cbout é400 parameter readings were made on
X-ray films.

4 a 5: Discussion of method and findings in 100 nomal subjects

The odvantoge of the present method over non-radiolegical methods, in which
the cpparatus has to be fastened externdly on the soft tissues of the lower
limb, is that it ovoids the incalculable uncertainty due to shifts of the soft
tissues (3). In Tillberg's {1977) method, for instance, the measuring equip-
ment wos fostened externally with tape on the thigh and lower leg in their

long axes. In thot way, it can hordly be avoided that soft-tissue shifting

influences the results of thé measurements, especially if the subject is cbese.
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External meosuring equipment which is bosed upon bony parts close to the skin
may alse be influenced by soft-tissue shifts over these bony parts (3, 4).

Gony laxometric studies on normal subjects can be campared with the methods
of others which have often been tested, to o major or minor extent, on normal
subjects. Such comparable specifications have been given by Sylvin (1975). His
measurements are not besed on X-roy films, but on repeated external measurements
using the mean of the rasults cbtoined. Further, he recammends using the
difference of measurements between o person's two knees as a measure of instabi-
lity, this value being lower and more constant than the total excursions which
vary a great deal from one person to onother. The present outhor shares this
view. Sylvin found the difference between anterior displacement in the two
knees of normol persons to averoge 1 mm. This is in ogreement with the pre-
sent findings, the difference among 34 persons, at o 20 kp load, averoging 0.9
mm ~1 mm {corrected for 10% magnification on the X-ray film: mean = 0.8 mm).
Upper limit (97%%) 2.4 mm, corrected 2.4 mm.

Sylvin reported that this limit was 2.5 mm. A closer ogreement can hard-
ly be found between 2 apparotuses for measuring anterior stcbility. As the
principles of the methods differ, the extremely identicol results confirm eoch
other to quite g particul a extent. Sylvin's gpparotus cannot measure other
forms of instability.

For anterior displocement in one knee Sylvin found mean values froem 3,02
mm in young women to 5.00 mm in men between 21 ond 30 years of oge, ond 4.80 in
men from 41 to 50. The mean for all subjects is stoted to be somewhot below
5 mm, in good keeping with the 4.1 mm found in the present study (Addendum I,
Table 19).

Markolf et al.'s method (1978), electrogoniometry, {cf. Chapter 2 b),
using manual stress upon the tibio in sudden jerks, hos no mechonical safe-
guard ogainst too forceful stress octions. Their finding of o 4.8 mm a-p
instability as the mean in sound knees ogrees with the gonyloxometric find-
ings in which the mean was 5.7 mm measured on the X-ray film, corrected 5.1
mn. Thus, in both methods the rounded figure is 5 mm. On the other hand,
their finding of o very marked difference between the two knees of the same
person nust be due to on inaccurocy of their method. They state mean values
of 26 - 35%, In the gonylaxometer the corresponding mean values were 17.5%
for mediol instability, 15.5% for laterol, ond 20% for a-p instobility, in-
cluding the inaccuracy of the measurement which constituted the greoter part
of this difference in normal knees.

In a short paper Nyga (1%70) has reported an onterior displocement of

2 - 5 mm in normal subjects. He used g simple measuring technique, making
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no distinction between the displacement of the lateral aond medial condyles, and
no mention is mode of the nunber of normal subjects or amy patient matericl.

According to Volkov {1971), anterior displocement of the proximal end of
the tibia of 10 mm or over is dbnormal, signifying total rupture of the ACL
(confirmed by surgery in 22 cases}. The difference from the uninvolved knee
was not calculated. It is not stated whether studies on mormal subjects had
been performed,

In the normal moaterial (Addendum I) the use of 20 kp traoction showed on
vpper critical level (%7%% level) of 7.0 mm, and at 30 kp of 7.4 mm (ronge up
to 8.5 mm). This is in quite good ogreement with the critical level selected
by Volkov.

Kenredy and Fowler (1971) have given a thorough description of several
series which con easily be compoared with the present study. Their normal ma-
terial comprised mecosurements on 110 knees, which may be interpreted as measure-
ments of the knees of about 55 young pecple, octive othletes without o history
of knee injuries. As these measurements were mode on X-ray films in fundament-
ally the some way as in the present study - with a few exceptions, cf. (4) -
the numerical values for the various parameters con be compared. Kennedy and
Fowler reported the range of medial instdbility ot 20° flexion in the knee of
normal persons to be 0.8 mm to 3.5 mm. This parameter they measured aos the
c-a (expressed like the formulae of the present study)., This methoed of cal-
culation was soon rejected in the present study, but yet the range for 34
normal subjects (17 moles and 17 females) at 9 kp laoading can be given (Addend-
um I, 48 measurements}: 1.1 mm to 4.1 mm. After correction for mognificotien
on the X-ray films this omounts to 1.0 mm - 5.5 mm. Kennedy and Fowler do
not mention whether such correction wos performed., Even ofter correction for
mognification, the highest value measured was 57% higher in the present ma-
terial thon in Kennedy and Fowler's. Thus, the present author found o consider-
ably wider "normal range" by his own method, using instead /cp - cL/ or
(cinjured ” “uninjur
in the size of the parameters between the right and left knee (Addendum I}.
However, the results of the measurements ogree roughly with Kenmedy and Fowler's.
For enterior stability in the normol knee Kennedy and Fowler found o disploace-
ment from 0.0 - 5.0 mm, and this.opplied to both condyles. The present author
found considerably greater mobility of the lateral tibial condyle in relation
to the femoral condyle, up to 9.1 mm ot 20 kp troction and up to 10.2 mm at 30
kp traoction in the neutral position thon of the medicl ore: 5.5 mm at troction
of 20 kp and 7.4 mm at 30 kp. This difference in mobility between the lotercl

ond medial tibiol condyle gpplies also to pressure exerting the same forces

ed)' stotistical analysis showing no systematic difference
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(Addendum I and (4)), the totcl displocement of the loterol tibicl condyle at
neutral position of the foot (force: 30 kp) being twice thot of the medial
one calculated from the mean values (Addendum I), This is confirmed by the
findings of Hertel and Schweiberer (1975). X-raying codaveric knees with
metal morks on the tibiol comdyles ond using a simpler measuring technique
than the present one, they found the mobility of the lateral condyle to be
greater than that of the medicl one ir the intoct knee flexed 20°.  Incident-
ally, this phenomenon has long been known by anotomists (Winslow 1719, Weber
and Weber 1834, Fick 1911, Palmer 1957, Kaplan 1962). One explonation why
Kennedy ond Fowler did not recognize this foct may have been a deficient use
of londmarks en the X-ray film, cf. {2) and (4). It has nothing to do with
the projection or with distortion on the rodiogroph, ond it opplies unchanged
ot exposures with 15° and 30° externally rotated foot as well os with 30° in-
ternally rotated foot - with slight deviations in the means, x, {(Addendum I,
Tables 19, 25, 24, 27).

Kenrmedy and Fowler (1971) hod ne well-defimed baseline on which to
perform the meagsurements on the loteral rodiograph. They measured on a line
parallel with the lower edge of the film. This may give rise to varying re-
sults under unfortunote circumstonces {4).

Rototory stability is measured in the gonyloxemeter with the foot sup-
ported, but the joint does not even bear the weight of the thigh which is
supported by infloted cuffs (3). Because the fool is supported, however, the
situation differs essenticlly from the set-up with hanging lower leg. The
best camparison is, therefore, with the results of authors who have used the
same experimental conditions: 90° flexed knee ond supported foot and thigh.
In "external" examination of rotation by means of the scole on the floor of
the gonylaxometer a total rotation of 28° in the knee is found, external
(45°) plus internal rotation of the foot (45°) totalling 90°. Determination
of maximal rototion was not attempted as by the workers to be guoted below.

In the 90° flexed knee Meyer (1853) found a total rotation of 42°.

Ross (1932), in 100 normol subjects, found a total rototion averaging 37°,

18° internol and 19° external rotation. Brontigan and Voshell (194l), using
fresh, intact cadaveric knees, found a rotation of up to 24°% in 90° flexion,
Haollén and Lindohl (1945) on averoge of 24°.

Ruetsch and Morscher (1977); measuring the total rotation in 21 mormal sub-
jects, found a meon of 36°. This is in guite good conformity with the pre-
sent findings, although no attempt wos mode ot identical experimental condi-

tions. The greater possibility of rotation in living knees thon in codaveric




- 74 -

knees is striking in the named series. Lastly, it is worth pointing out the
good agreement between the experiments of Ross (1932) and Ruetsch and Morscher
(1977) (total rotation of 37° and 34° respectively) under experimental con-
ditions which were entirely identical. Considering the greater rigidity of
cadaveric knees, the experimental results ond alse cutting experiments on coda-

veric knees must be regarded with some reserve.

é b: Investigations of Injured Knees and Discyssion

6 b 1l: Agreement between results of measurement and operative findings

The scientific value of gonylaxometry is cleorly based on the fact that it
measures in known physical units which con be stored ond used for comparison
in possible later follow-up.

It is a presupposition of the method as a measuring instrument of sci-
entific value that it is gpplicable also clinically, In other words, that it
con distinguish with greot occurocy between normal and injured knees.

It is a different motter oltogether whether it is geing to goin general
ground in clinicol practice os o diognostic aid., This must depend on whether
other diognostic methods of ford approximately the same diognostic reliability
and are at the same time cheaper ond less time-consuming,

Both aspects will be elucidated by the present investigations of patients
with knee injuries (5, 4, 7,and Addendum II).

The c¢linical signs which have previously been most thoroughly investi-
gated are medial and loteral instdbility as well as the onterior ond posterier
drower sign. It wos notural, therefore, to select these four signs in a clini-
cal study of the proctical value of gonylaoxametry and to omit rototion measure-
ments, as there is still greot clinical disogreement concerning the genesis
of rotatery instability and the various rotation patterns. For instonce,
Trickey (1977) and Warren et al. (1974), unlike Slocum and Larson (1%48) and .
Hughston and Eilers (1973, feel thot the SMCL plays o greater role in rotatory
stebility (controlling extarnal rotation) thom do the DMCL and OMCL.

This view formed the bosis of the onolysis in Paper 5 which reported on
a prospective, consecutive comparative study of
(1) stress rodiegraphy,

(2) clinical examination of lateral and medigl instability and the drower sign,
and '
(3) investigotion of the same signs under general onoesthesio.

The operative diegnosis was in all cases the final check on the preopero-

tive, tentative diognoses. On this basis it could be evaluated which of the



- 75 -

precperative findings were true positive, TP, true negative, TN, false positive,
FP, ond false negative, FN. This mokes it possible to calculaote the Pvpos. and
wneg. of the various methods (Vecchio 1964, Wulff 1973 a, (5), and Addendum II).
But a presupposition is complete investigation, os done here: all the patients
examined underwent operation, also those in whom the meosurements had given nega-
tive results. The last-mentioned were patients having hoemarthrosis of the

knee ond who were subjected tc operation on the clinical indicotion of suspected
ligament rupture, ond in whom there were other intraorticular-injuries as well.
It was apparent from the study that gonylaxometry was the best of the tests tried.
judging by the diagrostic probdbilities, the PVPO and Pvneg , but so closely
followed by exanination under general anaesthesia thut with 95% confidence Lim-
its it was not possible to distinguish definitely between the twe tests. Con-

siderdbly poorer results were obtained by ordinary clinical assessment. Fur-

thermore, the compariscn of the three types of examination was reduced to o
purely qualitative diognosis: lateral/medigl instability or not, total antero-
posterior instability to an abrnormal extent or not. The clinical examiners
{senior registrars or consultants) were not able to carry out further groding
with ony certainty. The ability of gonylaxometry for auantitotive evaluation,
thus, did not even come to a test in this assessment.

The results concern 153 injured knee joints. Medial instobility, de-
fined as the diff erence between the injured and uninjured knee, was > 2 - 4
mm in cases with rupture of the DMCL and OMCL.  The SMCL might be partially,
but never totally ruptured at this magnitude of instobility. If tetal rupture
was present, the instobility was > 4 mm aond ranging up to 17 mm (cinjured -
Cuninjured) in entire ogreement with Warren et al. (1974)ond with Schweiberer
ond Hertel (1977)}. 1In cases of marked instability there was co-existing rup-
ture of the cruciate ligaments (5, Fig. 2) end posterior fibrous copsule, as
olso reported by Hallén and Lindahl (1945 o). In one case the lateral in-
stability (dinjured
both ecruciate ligaments and of the posteriocr copsule co-existed. The named
patients hod fresh ligoment ruptures. In older ruptures the diff erence was
less marked (Figs. 3 and 4 in (5}).

Anterior and posterior drower signs of 14 - 18 mm were observed in fresh
os well as in glder ruptdres of the cruciate ligaments. Belew the critical
limit of 3 mm there were only TN and portiol ruptures, ond two cases of total
ruptures in which the knee was locked by o meniscal bucket hondle injury,

- duninjured) was 20.8 nm. In this case too rupture of

plus ene cose of on older injury (5}.
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The test for the ability of the method to distinguish mormal from in-
jured knees and to measure the size of the ligament injury, thus, wes in con-
formity with the operative findings. There cen be no doubt concerning its

suitability as a clinical scientific measuring instrument.

6b 2: To assess the clinical, diognostic volue of the method its diognostic
probabilities hod to be compared with those of other methods. This comparison
was made with clinical testing aond with testing under general onoesthesia.

The "predictive value of a positive test", Pvpos’ (Wulff 1973 o) is
defined as the probability of the presence of o given ligament injury, if
the test for this injury has been positive (Vecchio 1946). The "predictive
value of g negotive test", Pvneg' is defined as the probobility that the given
structure is not injured, if the result of the test has been negative.

Pvpos and PVn are best evaluoted in the %0 cases of fresh knee in-

juries- (5), as the injury presents itself most clearly at operation in the

ocute stoge, before it hos become blurred by cicatricicl tissue. Tdble 3
lists the predictive valuves for medial imstability. It must be mentioned
that the confidence limits to Pvpos are extremely narrow for gonylaxometry
and the testing under generol anaesthesia, while for Pvneg they are wide.
This is because the sum of positive findings is high and that of negative
findings low, cf. Table 3. The explanation is that alreody at the institution
of the clinical diognestic procedure the patients not requiring surgery were
sorted off. This was done for ethical reasons, as people were not to be
exposed to a subsequent operation except on an indication of haemarthrosis
with o suspicion of major intermal derangement or of meniscal injury. It
was not possible to collect a major series of such persons. Therefore, as
is opparent alse from the tcble, the wide confidence limits for Pvneg are due
to the small numbers, i.e., few persons ond, besides, in particulaor very few
false negotives. These confidence limits ore occordinly not immediotely com-
pardble with those of the P\fpos— which indicaote a very great accuracy of the
measurements, The few FN in the clinical test also represent the ethically
founded disinclination to involve potients with negative clinical findings

in further examinations and surgery. Nevertheless, the findings of clinical
testing were the poorest ores, The scme cpplies to the drawer signs. Table
4, setting out the findings for the drawer signs, is a simplification of
Table 14 in Addendum II. Moreover, it must be emphasized that as FN the
auther included injuries which at suvbsequent operation proved to be partial
ruptures - which hardly offord on indication for surgery.



Table 3

Predictive values in knee injuries o4 days. Medial instability.

Genylaxometry: TN = 21, FN = &5, TP = 63, FP = 0, N = 89
predictive value of pos.test = Pvpos = TPTE TP - 6362 T = 1ch %

(95 ¢ confidence limits: 94 - 100 %)

o _ TN = 21 _
predictive value of neg: test = PV .o = §my3py - 314+ 5° EL%

{95 % confidence limitsz 61 - 93 %)

Clinical test: T™ = 10, FN = 2, TP = 66, FP = 12, N = 90,

T _ _86 __ _ s s
Pvpos = Tp + FP 66 + 12 g5 ¥+ (75 92 %)
= e = W . . 2 - 598 %
PVieg = TH + FN 10 + 2 B3 s (5 )

Testunder General Anaesthesima TN = 20, FN = 2, TP = 65, FP = 2, N = %0
_ _ TP _ 65 _ _
Pvpos = TP+ FE - EE+ 3 97 & (90 100 &)
™ _ 20 - _
PVeg TN ¥ PN~ 20 + 3 873 (66 - 37 %)

"

TN = true negative, TP = true positive, FN = false negative,

FP = false positive, N = number of patients tested.

From : Acta orthop. scend. 48, 301 - 310, 1977
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Table 4: Predictive value of positive test, PVpos, ond predictive value of
<

negative test, Pvneg’ for drower signs in knee injuries = 14 days.

Anterior drawer sign Gonylaxometry Test under general Clinical test

anoesthesia
Pvpos 4% B83% 59%
Pvneg 8&% 8% 79%
Posterior drawer sign
Pvpos 1008 100% 86%
PV 09% 9% 26%
neg

Gonylaxometry, as carried cut in this investigation, using locol anaces-
thesia, gave the best results. Under general onocesthesio it would presum-
dbly be able to offord even greater precision. It will, therefore, be the
best tool in clinical scientific work. However, climical testing under gen-
eral anoesthesia gave results very close to those of gonylaxometry, ond it
is cheaper ond easier, so that it must be expected to be fully justified for

general clinical diagnostic use.

é b 3: Anterior drower sign waos found in the presence of injury to the ACL,
connected in most cases with total or partial rupture of the MCLs (5, Fig. 2).

But isoloted anterior drower signs, in coses of isclated rupture of the ACL

were found also in the group of patients with ocute injuries, Cases &4, 67,
ond 75, the lost-mentioned one having a very small tear of the SMCL. How-
ever, these drower signs are small ones ond only just exceed the critical
levels. Indeed, this ogrees with Trickey's (1977) findings in the more rigis
formalin-prepared cadaveric knees: that isolated cutting of the ACL in such
knees does not give rise to o drower sign. Dexel et al. (1977), however, for
in rodiological studies with monuol troction on specimens, a few mm anterier
drawer sign of ter isolaoted cutting of the ACL. So did the present author fin
this phencmenon on stress rodiography in a few patients with isolated ruptur
of the ACL. The slight degree of the drawer sign is presumcbly the recson
why its existence was denied by Hughston et al. (1976, I) whose examination
was purely clinical. In their poper they claim that on anterior drower sign
arises only if the PCL is injured. It should be borne in mind, however, that
in their investigations they defined the anterior drower sign both with the
foot in the neutral position and in internal and external rotation. On the
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basis of my clinical findings, I con ogree partly with these authors - but
without subscribing to their sharp formulation. Judging from Cases 87 and

88 in Addendum II, I can consent to the following formulation: In rupture of
the PCL with on intoct ACL (plus rupture of the DMCL ond OMCL ond of the
fibrous copsule posteromedially - i.e. including the oblique popliteal liga-
ment) there may be on anterior drawer sign along with a posterior one. How-
ever, I must odhere to the formulation: that ryupture of the PCL normally
gives rise to a posterior drawer sign, sometimes also rototory instability
due to rupture of other structures, e.g. the medial ones as in Case B7 in
Addendum II. In that case I demonstroted external rototory instability due to
tupture of the medial structures by a troction test with 15° rotation of the
foot. In Hughston et al.'s nomenclature, this is called an anterier drawer
sign with externally rotated foot., Operotion disclosed rupture of the PCL,
but an intoct ACL. With the foot in neutral position there was no anterior
drawer sign. It must be noted, then, that in this respect the disagreement
is on a purely abstract level, viz. in the definitions. There is ogreement

in this case as well as in the previous one, when correct translation is made
from one nomenclature to the other,

There may be yet ancther couse of the disogreement concerning the role
of injury to the PCL in the various forms of anmteroposterior instdbility:

Even on close inspection it may be difficult to detect minimal intraligament-
ous partial ruptures which hove been demonstroted microscopically by Noyes et
al. (1974} and by Kennedy et al. (1974) ofter experimental, viclent stress
actions. Such fine ruptures of individual fibres may presumcbly lead to a
slight lengthening of the ligament. They occur before aon octual rupture is
visible.

Incidentally, it must be emphasized that anterior drower sign, with the
foot in neuvtral position, was observed in ﬁssociction with injury to the ACL,
and posterior drawer sign in connection with rupture of the PCL, in ogree-
ment with Polmer {1938) ond more recemtly Furman et al. {1%74) ond Dexel et
ol. (1977). ' Further, the present moterial confirms the great importance of «
minimal injury to the collateral ligaments in demonstrating an anterior drower
sign which would otherwise hardly be visible clinically (Palmer 1957). The
drawer sign is the greoter, the greater the co-existing injuries to the collat-
erals. Figures 14 ond 15 (Cases 76 and 90) show the stress radiogrephic
appearances of drower signs, Figure lé of lateral instobility (Case 70).
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Figure 14: Stress radiogrophy in Case 76:

@ Very morked medial instobility, so marked as to occur only with co-existent
rupture of all medicl ligaments, the posterior copsule, ond both cruciate
liganents. At the some time, the lateral views show ontericr and posterier
drawer sign,

b and d respectively,

c Neuvtral position without loading.

The posterior drower sign is quite marked.
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W Te

Figure 15: Case ?0. Posterior drower sign, shearing frocture of the
digital impression of the area intercondylaris onterior, and

impression frocture of the medial femoral condyle.
tension injury.

Hyperex-
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Figure 14: Lateral instobility in rupture of the LCL, iliotibial troct,
both cruciate ligements, posterior capsule, popliteal ond
biceps tendons. Case 70. Such marked instability does not
occur until both cruciate ligaments, the posterior capsule,

ond the lateral structures have ruptured.

In partial ruptures of the cruciate ligoments a drower sign was gen-
erally not demonstroble. There is on anotemical explanotion: The ACL is
composed of o posterolateral part, tout in extension and looser in 90°
flexion of the knee, and an anteromediol poart which is ftout in 90° flexion.
This phencomenon was described in Chopter 3 b, In 8 of the FN meosure-
ments in partial ruptures, the rupture was of the posterolateral fibres
{hyperextension injuries), whereos the onteromedicl fibres, which are taut
in 90° flexion of the knee, the position in which the stress rodiogrophy is
done, were preserved. In this situatioen there. is no pessibility of produc-
ing a drower sign. Therefore,these FN values can in fact hardly be blamed

o the measuring cbilities of the method.
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It is important to peint out that there is no free interval between the

vpper limit of o normal o-p mobility ond positive drawer signs due to crucicte
injury or between lateral/medial stability and loteral/medial instability.
There are quite even transitions from normal values through slightly dbnormal
values, to large draower signs or laterol/medial instdbilities. This is to be
expected in a biclogical material in which complex injuries are common, and
in which the severity of the signs also depends upon the state of other ligo-
ments and of the capsular opparatus (Addendum II). Previcus, conflicting
findings must have been coused by too strict a clinicaol selection of the mo-
teriols {Kennedy and Fowler 1971, Sylvin 1975},

64 b 4: Rotatory instdability

Clinical examination was not merely inferior im diognostic cbility (measured
by the P‘.fp”:,s and Pvneg) for lateral/medial instcability ond drower sign. The
clinical examiner also had difficulty in assessing whether o rotatory factor

entered into the evaluotion of the signs. By the gonylaoxometer, on the other

hond, such an onolysis is procticoble, even quantitatively, for exomple
Case 105 {Addendum II): Slocum ond Larson's (1948} theory could be confirmed:
If external rotation is to be demonstroted in the form of aon onterior dis-
plocement of the proximaol end of the tibia with externally rotated foot and
tibia, and thus be o sign of injury to the MCLs alone, a test for onterior
displacement should be negotive in o neutrol position, but positive in a
position of external rotation of the foot. At the some time, it must be de-
monded that subsequent operation discloses intoct cruciate ligoments and in-
jury exclusively to the MCLs. (Slocum and Laorson's test presupposes that it
has been ensured a priori thot the lateral ligaments are intact). Case 105:
Test for anterior drawer sign in "neutral pesition 90" {Cn) gave 0.9 mm, i.e.
it wos negative; with a 15° externally rotated foot it was 3.7 mm, viz. posi-
tive; with 30° externally rotated foot it was 4.6 mm, viz. highly positive.

A medial instability of 4.5 mm wos meosured. The operotive findings were in
ogreement with all these findings. There were three similar cases: 101, 104,
ond 107,

A violent increase of o drawer sign, demonstrated with the foot in a
neutral position, was found on repeating the examimation in 15° or 30° ex-
ternol rotation in the presence of rupture of the ACL aond total rupture of the
MCLs (Addendum II, Case 78). This increase in the drawer sign in Slecum and
Larson's test also indicates injury to the MCLs. '

In all, 5% cases of rotation of different types were demonstroted in
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33 knee joints among the 153 cases of knee injury, i.e, some form of rotation
in obout one-third. Incidentally, all the forms of rotation menticned under
"Definitions" occurred. The most common forms were simple medial rotatory in-
stability (23 coses) ond complex anteromedial rotatory instability (20 cases).
In most instonces the instability and the rototion could be explained by the
injuries found at operation (Addendum II). It is likely that themeniscus too
influences the rotatory stohility, also according to findings in the present
material (Case 127 and otkers).

External rotation (simple medial rototory instobility or complex an-
teromedial rototory instability) was found in 32 caoses in which the mechanism
of the trauma had been identical: obduction-external rotation in a varying
degree of knee flexion or on a fully extended knee. This is the most common
mechanism of the injury (Addendum II}. Internal rotation on pressure was
demonstroted in 9 cases. When further locking into these cases it was found
that presumably the dbduction component had exerted most influence during the
trouma. The study does not agllow the extroction of aony rule as to when the
medial ligaments alome rupture in the dbduction-externcl rotation traumas and
when the ACL ruptures as well.

It is o very importont fecture(5 ond Addendum II} thot in 2% of the in-
juries sustoined meore thon 3 months previocusly there was no medial instability
when measured from the "neutral pesition 140°"., Heowever, it has been pointed
out (5) that this does not indicate anything concerning rotatory instdbility.
In Addendum II it will be demonstroted that 1l of these 23 cases exhibited
rotatory instability of some type or other.

$ b 5: Role of the sensory inmnervation of the ligaments

An interesting phenomencn, mentioned in the description of ligoment anotomy
{Chapter 3, f), was manifest in the present series of patients.

Payer (1927) ond Polmer (1938) suggested thot apart from being purely
passive stobilizers in the joint, the ligaments presumably hod on equally im-
portant function os sensory orgons, setting the aoctive stabilizers of the joint
into octien as soon as the jeint is approaching on unfortunate extreme position.
It wos striking, in the present series of injured knee joints, that in many
cases of partiol ligament rupture, in which some of the nerve fibres must be
assumed to have become cctivated without yet being interrupted, there was
resistance ogainst anterier or posterior displacement.  In total rupture there
was no resistonce to displocement, as also pointed out by Palmer (1938, 1958).
This has proved to be the case in a nurmber of fresh, isolated partial ruptures
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of mediol collateral ligoments (Cases 12 - 24, 331, 41, Addendum 1I), in which
ccemparison with the vninjured leg gave o negotive vaolue on testing antercposterior
stobility. On the other hond, it wos possible to demonstrate slight laterol/
mediol imstebility, generally of 2 - 4 mm os compared with the uninjured side.
Cbviously, it is easier to overcome the reflex-conditioned muscular resistonce
in the frontal plane in the "140° position" than in the sogittal plane with
90° flexion in the knee. The strong femoral and lower-leg muscles resist
anteropostericr displacements of condyles which beor portially ruptured ligo-
ments. The same applies in cases of partial rupture of the cruciate ligaments.
The named musculor inhibition of displocement was found alse in cases where
the ligament fibres hod ruptured, but were still gssembled beneath the connec—

tive-tissue menbrane of the ligament.

6 b é:Practical Scientific Application of the Method

To demonstrate the way in which the method is applicoable in proctice, let me
refer to paper 7. Thirty paients were re-examined cbout 2 years after sur-
glcal treotment of anterior instabjility due to posttraumatic atrephy of the
ACL. The coperative method hod been that described by Jones (1963, 1970),
There were two groups of patients. The former, comprising 25 potients with
25 operated knees, hod undergone the operation before the stress rodiogrophic
methed had been fully developed. The latter, comprising 5 patients with 5
oparoted knees, had hod the operation after the method hod become availdble.

In these 5 cases, therefore, there was a possibility of comparing preoperative

stress rodiogrgphic studies with those at follow-up.

In the former 25 patients the follow-up gonylaxometry was done for medial
and lateral instability as well as for anterior and posterior drawer signs, and
the result was assessed by comparison with the parameters in the potient's un-
injured knee. According to the investigations reported in Addendum I, this
ought to be fully satisfactory. The small group of 5 patients acted as con-
trols in this respect {Table 5 in paper 7). These latter patients had hed
foirly marked drower signs prior to the operation, ond at follow-up they hod
slight displacements, showing o grect, measurdble improvement., Moreover, ot
follow-up the differences between the injured and uninjured knee in these
patients were small (exceeding 3 mm in only one cpse). This ogrees with the
clinical and subjective evaluation of the results os being good. Those po-
tients of the large group who hod similar small drower signs at follow-up were
gererally satisfied too, Persisting complaints inm two coses were explicable
by o posterior drawer sign. A fav hod slight medial instdability. Rotatory
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instability was not demonstrable in any case. Thus, comparison with the po-
tient's good knee ot follow-up is fully up teo g comparison of measurements be-
fore and aofter operotion. The reason why a few mm of anterior drawer sign was
neorly always present ot follow-up may be that the new ligament is tightened
in the course of the operation with the knee close to extension (175°), whereas
at follow-up the measurement is done with the knee in 90° flexion. Therefore,
the new ligament represents the posterclaoteral part of the anatomical ligoment
which is taut ot extension in the knee ond lox at 90° flexion (cf. Figs., 4 ond
5 in Chopter 3 b), whereas the onterior part of the ACL, taut in 90° flexion,
is lacking in the ortificiol ligament.

In the investigations of injured knees cbout 3500 parameter measurements

were maode on the X-ray films.

é 7: Comparison of Present Results with Those of Others Measuring Injured Knees
Clinical testing of an aopparatus to determine its diagnostic probability (Pvpos
ond PVn }, as done here, has not been reported in the literature on this sub~
ject (stobility of knee ligaments). Accordingly, it is difficult to compare

the diognostic volue of the method with the results of others. But the para-

meter values can be compared.

Kennedy and Fowler (1%71) studied o group of potients with 75 dbnormal
knees. These were old injuries thot can be compared with knees from dbnormal
group 3 of the present moterial, viz. injuries clder tham 3 months. Such pa-
tients con be exonined without envesthesia. These authors found mediol insta-
bility- (c=a) of 3.0 mm to 8.5 mn omorg these potients, or from O to 5.0 mm in
excess of their "criticol level” (3.5 mm). In the present material the criti-
cal level (cinj. - cuninj.) = 2 mm (inj.=injured knee, uninj. = uninjured knee)
in group 3 wos exceeded by from 0 to 2.6 mmn. Distonce Cinj. in the most se-
vere case of the group (Addendum II) was 13.4 nm ond (cinj. - cuninj.) = 4.6
mm, As dbnormol materials vory more than do normol ones, there seems to be
satisfoctory ogreement between my findings ond Kemnedy ond Fowler's in this
respect.

Kennedy and Fowler's (1%71) onterior displacements were measured for each
condyle separately, but in cases where the condyles moved equally the values -
given are meon volues, i.e. the onterior drawer sign as defined by the present
outhor. They hod two separate groups, one with and one without co-existing
medial instability. By Kennedy ond Fowler this is reported to have ronged
from 6.0 te 12.%9 »m in one group ond from 7.0 t© 20.0 mm in the other, i.e,

from 1.0 to 15.0 mn in excess of their critical level. Mo values are given
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for total displocements in the tdbles of Addendum II, but they were from 4.3
to 23.8 mm onterior displacement in group 3 (injuries more than 3 months old)
in patients with rupture of the ACL, x = 11.1 mm. Among fresh anterior drawer
signs the range went up to 17,2 mm in the present moterial. In other words,
there is complete ogreement between my findings and Kennedy and Fowler's in
this respect too.

Kennedy et aol. (1974) reported anterior displacements of the some corder
as above, viz. from 5.1 to 18.2 mm.

Tillberg (1977), measuring the anterior drower sign by externally fast-
ened apparatus, also reported onterior drawer signs of 10 - 20 mm in older
injuries in subjectively very unstable jeints. In other words, this is a
magnitude obout which there is wide ogreement.

The last group of patients that Kennedy and Fowler (1971) reported on
{their "group I") was characterized by medial instdbility and onterior dis-
plocement of the mediol tibiol condyle in excess of the critical level (5.0
mm) on traction, while the displocement of the laterol tibial condyle did not
exceed this level. To quote these authors "the coincidence of these two dis-
placements suggests external rotational instobility or the rototory instdbili-
ty of Slocum and Larson ....". Thus, already in their first study, Kennedy
and Fowler touched upon the pessibility of measuring rototory instebility by
stress raodiogrophy and illustrated it by a case report in which the differ-
ence between anterior displacement of the medial and laterol tibial cendyle
was 9.4 mm. This is a high figure, especially when considering thot nommally
it is the lateral condyle which moves more on traction. Similer volues ond
the same type of rototion were cbserved in Case 2 of the present material in
which the medial tibial condyle was disploced 8.4 mm gnteriorly and the lat-
eral one only 2.2 mm, a difference of 4.2 mm. The underlying injury offect-
ed only medial structures.

However, most cases of rotatory instcbility will remain hidden, if
this is the only way of investigating the results. A constant comparison
of the parameters between the patient's injured and uninjured knee, as in-
troduced in study &, reveals o far larger number of cases. The explanation
is simply that o very great mevement of the medial condyle is needed to ex-
ceed the normally occurring, greater anterior displacement of the lateral
tibial condyle on traction. If this normal condylar movement is "elimincted"
by comparison with the potient's good knee, the rotation is not masked by
the normally occurring, oppositely directed rotation. Even more cases were

detected by means of the formuloe developed for the study of rotation.
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Roser et al. (1971), in 4 athletes with unstable knees, used a simple
stress rodiographic method with ropes and pulleys. They measured lateral ond
medial instcbility in the 160° position ond used "Martin's cleor space" (Mor-
tin 1940, Chapter 2 b). They found "clear space" medially to be 11 - 21 mm,
laterally 10 - 16 mm, ond the o-p instability 5 - 11 mm, The lotter results
are presumchly rother inaccurate, as the measurements were maode between "the
common posterior edges of the femoral condyles" (?) and "the tip of the on-
terior spine” which may indeed be rounded.

Equipment ond methods for measuring rotation in an intact knee were de-
scribed in Chapter 2 b, This has been measured in nermal, living persons by
external opporatuses by Meyer (1853), Ross (1932), ond Ruetsch and Morscher
(1977), but never previously on injured knees.

Let it be mentioned that by the gonylaxometer rodiograophs of medial
ond loteral instdbility can olso be tcken with extended knees. Demonstro-
tion of instdability in this pesition presupposes rupture of both cruciate
ligoments ond of the posterior copsule (Hallén ond Lindchl 1945 a, Dexel et ol.
1977). However, such severe injuries are apparent glso from the magnitude of
the laterol/medial instobility in the 160° position (Chopter & b and Addendum
I1),

4 b B: Comparison with Arthrography

As the diognostic use of gonylaxometry has been discussed here, arthrography
must be mentioned in this comnection. The latter method is used for investi-

gating injury to the cruciate ligaments, most favourably in conmnection with on
onterior or posterior drower monceuvre. It hos been used by Bircher (1%33),
with single and double contrast, ond it hos revealed rupture of the crucicte
ligoments as well as leckoge of contrast medium in caopsular injuries in asso-
ciotion with ruptures of the collateral ligaments, Lindblom (1938} found
arthrogrophy with single controst to be opplicdble in old ruptures of the
eruciate ligoments, but not in fresh cnes, finding that the contours on the
radiographs were blurred by clotted blood which rendered the diognosis uncer-
tain, Palmer (1938) mertioned ledkage of controst medium in copsular injury
associated with rupture of the collateral ligaments as a diognostic sign in
some cases, and so did Seyss (1956} ond Freiberger et ul. (1964). The lotter
authors used double contrast investigation. Mittler et ol. (1972) and
Pavlov and Freiberger {1978) recommend double contrast orthrogrophy fer visua-
lizing injuries to the cruciate ligaments, but do not' give any information
cbout o potient moteriol. According to Butt ond McIntyre (1949) and Nicholas
et al. (1%70), dabout holf the cruciate ligament ruptures are overlodked in
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Table 5

Comparison of predictive values from Liljedahl et al.'s arthrogrophic material
(19464) ond the present stress radiographic material. Both moterials comprise
ruptures of the cruciate ligaments {cf. also Table 4).

Liljedohl et al.: Fresh injuries:

TP =12, TN =18, FP = 2, FM = 4, total = 36.
o 12 )
PVpos = Tharp = TTzaz - 86% (57% - 98%)

95% confidence limits
_ TN _ 18 _ _
PVneg = W = m—- = 75% (.53% 9%}

Gonylaxometry: From paper 5, Table 4, fresh injuries:

TP =21, TN = 56, FP = 0, FN = 10, total = 87,

PY = 100% (84% - 100%)
pos

PV = 85% (74% - 92%).
neg

Partial ruptures are included as ruptures in both materials. All patients

vnderwent surgery.

this method, FN = 50%. Staple (1972) found single contrast arthrogrophy to
be better, but not reliable, and he reported no numerical values from patient
Wang ond Marshall (1975) stated that the single controst method wos more re-
lidble, but their amalysis affords no possibility of a systemotic assessment
of the methoed, as only half the arthrogrophed patients underwent operation.
Therefore, it is not possible to assess the FN findings ond the predictive
values.

The only systematic study that the cuthor has been dble to trace is
that of Liljedohl et al. (1944). Reviewing on older series from 1940 - 195
they found a very high percentoge of erroneous diognoses and cases in which
the ligoment could not be evaluated (34 out of 51 cases) as well as a conside
ably better series from 1959 - 1942 (their group I B), and lastly did a syste
matic study, immediately followed by operation, on a group (series II) of 34
patients with whom direct comparison is possible. From these authors' Table
3, it is possible to caleulate predictive colues (cf. Toble 5), The wider
confidence limits in Liljedohl et al.'s materiaol are due to its smaller size,

Nevertheless, gonylaoxometry oppears to be mere occurote, even when compared
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with this very carefully performed arthrogrophy moterial. Exaningtion under
general anaesthesio also gives better predictive values.

"Computer-assisted tomogrophy" con visualize an intoct cruciate ligo-
ment (Povlov et al. 1978). As yet, there hove been no such studies of in-
jured knees.

éb 9:Comparison with Other Methods

Mention moy be made of o few simple measuring cpparatuses with which no com-
porison is possible ond which measure only one quality. Klein's (1962), cf.
Chapter 2 b, was designed only to measure lateral/medial instability in full
extension. In this positien the knee is stable in normal persons (Hallén ond
Lindahl 1965 a), The 2°.3 to 2°.6 cbduction and odduction instability meas-
ured by Klein moy well hove been caused exclusively by shifiing of the soft

tissuves. Moreover, the opparatus con reveol only viclent injuries, as
laterol/medicl instability in extension is possible only if rupture has
occurred of the collateral ligoments on the side concerned coincident with
rupture of hoth cruciate ligaments ond the posterior joint capsule. These an-
juries are better demonstrated and measured in other opparatuses, e.g. by
gonylaxometry, p.?5.: Chapter 4 b and Addendym II.

Kalenck and Morehouse (1975) used on opparatus which measured medicl and
loteral instobility "externdlly" in degrees of an arc. The instcbilities they
found in normal, uninjured knees on megsurement in 10° flexion oppear reason-
cble.

Kittleson et al. (1947), cf. Chopter 2 b "goniometry", did not stote
any numerical values in their report - and they odmit themselves thot the
apparatus is inoccurate,

Lowe and Saunders (1977) designed on opparatus for acting upen knee
joints, one at o time, in a horizontcl plone during odduction or abduction
in a position ranging from 150° angulation between the femur and tibia through
180° to 1900, and consequently the examinotions con be mode in these positions,
This is possible also in the gonylaxometer, of both legs at the some time,
Greater degrees of flexion or g greater measuring potenticl with regard to
the various types of instability are not within the possibilities of their
apparatus. The onalysis is not rodilegicol, but grophic goniometry, and the
measurements are tronsferred to o graph by a string-gauge-potentiometer de-
vice. An unknown number of =ubjects hod been tested, ond at 0° (180° posi-
tion) o totol lateral + medial displocement of 9°.7 is reported. This is
in ogreement with the faoct that full extension and locking of the kree joint

in mest normol pecple does not occur until a position of 185° to 187°.
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Wirth and Artmonn (1974), Chapter 2 b, have performed an analysis of the
gliding movement between the tibiol ond femoral condyles in knee joints with
and without the ACL. The method is time-consuming aond hordly generclly opplic-
able, but the results are very instructive. They show that the proximal erd
of the tibia without the ACL moves, during the last part {45°) of a loaded ex-
tension, in an dbnormally great gliding movement ot least 10 mm more forward
than in o normal knee joint. It returns correspondingly during looded flexion
and this leods to wear on the condylar cartiloge. This movement is of an
order corresponding to the drawer signs found by me and others (Kennedy ond
Fowler 1971, Volkeov 1971, Tillberg 1977).
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CHAPTER 7
CONCLUSION

The object of the present study, viz. to develep further ond to investigate the
relicbility of Kennedy ond Fowler's (1971) method for measuring instdbility in

the knee joint for scientific use, was fulfilled as follows: i

1. It wos demonstrated that the method gives reproducible meosurements in phy s-
cal units, mm. In other words, the inaccuracy when measuring the same parometer
in the some person on repeated occasions is suitcbly small in relation to the paro-

meters measured.

1. Parameter volues for injured knees, therefore, can be stored ond compared with
the findings after treatment hos been completed in scientific testing of the value
of a thergpeutic methed,

3. The presupposition is that the cbility of the methed to distinguish normal from
injured knees is sufficiently shap. This was confirmed by a clinical investigo-
tion in which gonylaxometry proved superior to other methods., But first it was
necessary to fix the "mormal range", i.e., the critical levels in the form of

upper limits to the parameter values in non-injured normal knees.

4, The methed hos a sufficiently wide spectrum of possibilities for measuring
various types of instecbility to cover oll known types of instobility: loteral and
medial instobility, antercposterior instability, simple ond complex rotatory in-
stability., The rotation measurements in vivo on injured krmees is an innovation,
as such measurements have not previously been performed, The outhor has worked
out a standord method including =ight exposures which cover the entire spectrum.

5. The mathod is appliccble to different authors' systemotic classification of
knee instcbility: Slocum and Larson's (1948), Nicholas' (1973 a), Hughston et
al.'s (1976), Trickey's (1977).

Thus the method is the most widely applicdble of the scientific measuring
methods used so far for measuring instability in the knee, ond its occurocy is
up to or dbove that of others known so for,

It seemed reasonable to try assessing the value of the apparatus as a .
diognostic aid for clinical use. As used here, with local anoesthesia in acute
cases, it exhibited o greater dingnostic certainty (F"ﬁ/p05 and Pvneg) thon in-
vestigation under general anoesthesia. However, the difference is so slight

that it con hurdly cutweigh the greater investments in economy and time thot
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gonylaxometry requires., For this reoson, the stress radiogrophic method will
hardly come into general use in the clinical depariments which will presuymabl
vtilize examination under general oncesthesia alse in the future., Ordinary
clinical evoluation is very much less relicble than both gonylaxometry ond
exomination under general anaesthesia,

In ottempts at elucidating the relationship between the mechanism of «
traumg ard the pottern of instcbility, it wos possible to demonstrate in the
clinical series only that {p 2¢7 ) cbduction-externagl retgtion with the knee i
flexion of some extent or other during the trouma may couse simple medial rotc
tory instability or complex anteromedial rotatery instcbility combined with
medial instability ond possibly on anterior drower sign.
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CHAPTER 8
SUMMARY

Chapter 1: The object of the study was to develop o method for relicble measure-
ment of ligoment-conditioned stcbility in the knee joint. The outhor decided to
develop further the method of Kennedy ond Fowler (1971) for stress rodiographic
measyrement., Gonylaxometry, viz. measurement of laxity in the knee joint, is a
method based on the stress rodiographic principle. It is dble to measure medicl
ond lateral stability, anteroposterior stecbility, and rototory stcbility. It was
the purpose to develop the method for scientific use for megsuring these stabili-
ties in mm and to test the relicbility of the method.

Chapter 2: On the basis of the litercture methods for assessing ligoment-condi-
tioned stability in the knee joint cre described. In section 2 a the methods
reported by others during the past decades for clinical evoluation of stability/
instability are reviewed ond described. In discussimg the varicus forms of
instcbility, most emphgsis is laid on Palmer's (1938) definitions of lateral/
medial instobility and drower signs. The systems used by several recent authers
for classifying rotatory instobility ore mentioned, Section 2 b gives a histe-
rical survey of instrumental measurement. of knee stability, both in specimens
of humon knees and in vivo. Measuring apparctuses have been designed more for
investigating specimens, as in that case they could be fixed direct in bony
tissue to obtain occurote results. In vivo measurements have required apparat-
uses fastened externally and, therefore, giving rise to inoccurocies of the
measurement becouse of shifting of the overlying soft tissues. In the in vive
studies o distinction is mode between the dbove-mentioned form of "external”

meagsurement ond rodiologicol measurement. The former comprises:

(1) goniometry,

(2) measurement of anteroposterior displocements in mm,
(3) a combination of (1) ond (2), ond

{4) photographic methods.

A historical survey is also given of the rodiological techniques. The
first methods were restricted to demonstrating loterol/medial instdbility and the
drower signs. In the most recent, most advanced methods it is endeavoured to
megsure these forms of instobility in physicol units. Kennedy and Fowler' s (1971)
aparatus utilizes o measurdble mechanical stress action ond radiographic ex-
posure in standardized projections, so-called stress rodiogrophy. Exposure is
made first without stress ond then with stress. On the X-ray film it is possible



- 94 -

to measure direct o chonge in the distonce between the bones of the joint, re-
presented by further defined londmarks as a measure of stcbility or instdbility.
This obviates the dbove-mentioned, incalculdble inaccuracy due to shifting of

the soft tissues,

Chapter 2: Anatomy of the knee joint elucidated on the basis of the literature.
The ossegus anatomy is described to the extent that it influences the X-roy anc-
tomy of the knee, including the landmarks to be employed in measuring the paro-
~ meters on the X-ray film,

The ligoments of the knee joint are built up of collagen connective tissue
possessing very little elasticity. Therefere, an intact ligoment is on inelastic
orgaon. A certoin, slight laxity is present in normal knees to permit normal move
ments. This function of the ligoments is described for eoch ligament separately,
viz. the superficial and deep medial coll cteral ligaments, the oblique medial
collateral ligament, the lateral collateral ligament, ond the cruciate ligoments.
Each of the lotter con be divided into two functionally different fibre bundles.

The menisci are described in fairly great detail, as recent investigations
have shown that the fibres of the medial collateral ligament cross inside the
substance of the meniscus, so that injury to the meniscus or its removol close
to the periphery damoges the collogen fibres of that ligament. The menisci are
intimately associated with the ligoments and play o greot role in joint stability

The fibrous copsule of the knee joint is composed anteroloterally of one
layer, anteromedially of two layers. 1In between these two layers glides freely
the onterior, approx. 10 mm wide, part of the superficiol medial collateraol lige
ment, On the medial side the deep layer of the copsule is divisible into three
almost equally large parts. The anterior one-third is g thin fibrous layer od-
hering to the synovial membrcne, the middle third is stronger and mokes up the
deep mediol collateral ligament. The posterior third of the fibrous capsule of
the knee joint consists of the oblique medial colloteral ligoment plus collagen
fibres which continue into the posterior copsule of the joint.

The extreme strength of the posterior capsule is pointed cut.

A summary description is given of the kree joint muscles, because they
exert an active, stabilizing actien upon the joint. Imnmervation is described
in connection with the role of the reflex aorc in octiveting the muscular stabi-

lizers,
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Chapter 4: Anatomical studies had to be carried out by the present author to
find suitoble landmarks in the joint, Disogreement with the londmarks of Kennedy
and Fowler (1971) was found. These findings led to a correction of the method,
in porticular os regards the identifization of the contours of the posterior

margins of the tibial condyles on the X-ray film.

Chepter 5: This chapter gives a description of the author's stress rodiographic
method, gonylaxometry. First, the various types of instobility ond other con-
cepts ore defined. In section 5 b it is emphasized that the gonyloxometer is
an goparotus to oct upon the lower limb by well-defined stress forces, not a
measuring apparatus in itself. A shift of soft tissuves beneath the fastening
gear olso tdkes place in this machine, and therefore it functions in connection
with X-ray exposures during the application of stress. Reading of the pare-
meters is done on the films after exposure. The technique also secures a re-
producible direction of the X-ray beam. Pressure is exerted by hydravlic force,
the pressure generator being an electrically operated oil pump, doubly secured
ogoinst too forceful stress actions. The stress action is exerted slowly. Local
ancesthesia is applied in coses which are acute or so fresh that o pain reoction
is still elicited from the knee joint. The patient is ploced in o dental chair,
with thighs and feet fastened, the apparatus being odjustable to different leg
lengths and different positions of the knee joint. In dbduction and adductien
exposures a stress force of 7 kp is used, acting at the level of the sole. A roto-
tion moment of force arises (lower-leg length x the force wpplied). In expos-
ures to reveal drawer signs, a stress force of 20 kp or 30 kp was applied at the
proximal end of the tibia ond on gction straight in the direction of the dis-
placement (no rotation moment). The stress forces applied are gppreciably below
the tolerance of the ligaments. The exposures are mode at 50 - 40 kV and 40
mAs,

Abduction ond odduction measyrements are made with the knees in 20° flexion
(the 140° position), This is an a-p exposure of both knees, before as well as
during the application of stress. The film is plaoced beneath the knees.

In meosurements of onterior and posterior instability the knees are flexed
90°. The second metatarsal bone points straight forward, "neutral position 90°"
First, on exposure is made of the knee concerned without stress action, there-
ofter one with pressure ond one with traction. The procedure may be repeated
with the foot fastened in o position of rotation. Thereafter, the procedure is
repeated on the opposite knee, se that the parameters for both krmees can be
compared.
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Measurement of the parameters on the X-ray films is done on a herizontal
viewing box illuminated from below. Loteral/medicl instability is measured on
the a-p view, Two boselines ore ploced through the most distol points of the
femoral cordyles ond the most distol contours of the articulor surfoces of the
tibial condyles respectively. Medial instability, parameter ¢, is cut off ona
tangent to the most medial point of the tibial condyle, ot right angles to the
boseline on the tibial condyle. Similarly, parameter d, lateral instobility, is
measured on a tangent as the distance cut of f between the tibiol and femoral
baselines, The paraneters for onterior and posterior displocement ore measured
on the lateral radiograph on a baseline on the joint socket of the medial tibial
condyle, On this line are dropped perpendicular lines which are tongents to
the most onterior and most posterior pointé of the femoral and tibial condyles
respectively. The parameters are cut of f on the baseline between these tamgents.
One parameter is measured for the lateral pair of condyles and one for the
medinl, On troction, the parameters diminish, the posterior edges of the tibig
approaching the anterior edges of the femoral condyles, During pressure the
reverse cpplies, The meon of the differences from the unloaded knee joint indi-
cates the meon displocement in the onterior or posterior direction: If the ex-
posure has been made in "neutral position 90™, this is defined os onterior ond
posterior displacement respectively, and at cbnormally high volues as anterior
and posterior drawer sign. If the condyles are unegqually disploced, there is
rotation. Formulae for calculoting such displocements are set up. By examine-
tions of normal persons the normal raomges and 97%% upper normal limits, "eriti-
cal levels", of these displocement patterns were found. Comparison is mode pre-
fercbly with the subject's other knee, and criticol levels for the difference
between the two knees were also determined.

Mognificotion on the X-ray film overoges 10%. A pssoibility of distor-
tion of the octual appearances on the X-ray film dve to different mognification
of peints close to and for from the film are discussed. It is concluded that
the far greaoter mobility of the lateral thon of the mediol tibiol condyle in
normal knees on troction and pressure connot be explained by such differences
in mognification.

Parallax errors do not occcur in exposures with o lateromedial direction
of the beam, In o-p exposures the possibility of o parallax error is so slight
that in practice it is negligible.

Inoccuracy of measuremert on repeated exposures and measurements on the
X-ray films of the same porameters in the same subjects were studied by triple
examinotions of 33 persons. The 95% confidence limits proved to be < ti2m
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for medial ond latergl stability and < ¥ 2.4 om for ontercposterior stability.
Less interest attaches to octual incccurocy of reading the some porometer from
the same film from one occasion to onother. For 4 parameters investigoted it

was cbout itwo-thirds of the inoccurcey reported dbove.

For a standard procedure the author recommends a series of stress ex-
posures consisting of two o-p exposures of both knees simultanecusly and three
lateral exposures of each knee separately in "neutral position 90°".  The a-p
exposures of the two knees on the some film offord measurement of mediol and
laterol instobility. An a-p exposure of the unlooded knee has proved unneces-
sary, The six laterol exposures of ford meosurement of anteroposterior instabi-
lity and the predominont part of cases with rotatery instdbility, Thereby, the
nunmber of exposures was reduced to eight.

It seems most reasonable to state the results in whole nm. Measurements
and colculations were performed with one decimal. The criticeol level is 2 mm
for loteracl/medial stability/instcbility, 3 mm for onterior ond posterior dis-
plocement in the form of the differerce between the patient's injured ond unim-
“jured knee. This is sgying that levels 22 mm ore normal, levels 2 3 m dbnor-
molly elevated for medial ond lateral stcbility. For anteropesterior displace-
ment and rototion values < 3 mm are normal ond values A 4 mm abnormol .

Contro-indications to the excminatien ore: Life-threatening states, in-
juries to the popliteal artery or peroneal nerve, major fractures of odjocent
bones, introorticular froctures, and rodioclegicelly demonstroted bony insertion

avulsions of the ligaments.

Chopter 6: Present investigations and results. The first section degls with
the examinotions of 100 normal persens. The named inaccurocies of measurement
and critical levels were bosed upon the findings in this materiol. The noermal
ranges were found for parometer size, but olso for differences between a person's
two knees for all porameters. It proved odviscble to use this difference, as

it varies within a very norrow range, while the parometer vaolues themselves

have very wide ranges. Consequently, it is more difficult to state, on the bosis
of the last-mentioned normal ronges, whether or not o parometer is normal. Heow-
ever, they have to be used if both knees are injured.

On the basis of the londmarks determined by anatomical and radiogrophic
onatomical studies, it wos possible to demonstrate that during troction or pres-
sure the laterol tibial condyle moves dbout twice as much os the medial one in
normal knees. 1In other words, internol rotation occurs en troction, external

rotation on pressure., The normal ranges of this movement ond of the difference
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between a person's two knees were also determined. Similar series of investi-
gations were performed with the subject's feet fixed in 15° ond 30° externcl
rotation and in 30° internal rotation. Good agreement was found with the studie
of several authors, each dealing with their part of the instability "spectrum".
The present author disogrees with Markolf et al. (1978) and is of the opinion thd
their finding of marked differences between the same parameters in the two knees
of a normgl person are due to an inaccurate method.

Section é b reports the testing of the ability of the method to distinguish
between normal and imjured knees in a moterial of 153 injured knees, All the
examined potients subsequently underwent operation, and thus the gonylaxometric
Findings could be compared with the operative findings. The gonylaxometer showed
anterior drower sign, with the {ool pointing straight forward, in injuries to
the onterior cruciote ligoment, posterior draower sign in injuries to the posteri-
or cruciate ligament. Small positive values for medial instdbility (c.

injured ~

cuninjured) > 2 m to s 4 mm were found in cases with rupture of the deep medial

collateral ligament and the cblique medial collateral ligament, without total

rupture of the superficicl medial collateral ligament. Higher positive values

{c. . -¢ . .
injured uninjur
medial colloteral ligoment, and even higher values when rupture of the cruciocte

ed) > 4 mm, were found in totol rupture of the superficial

ligaments ond rupture of the posterior joint capsule co-existed. There were only
a few injuries of the laterol collateral ligement in the matericl.

In all, 59 cases of different dbnormal rotational phenomena were observed.
They consisted in simple medial rotatory instdbility in 23 caoses and complex
anteromedial rototory instobility in 20. It was demonstroted that rototory in-
stability may well exist in a knee with very little persisting loterol/medial
instcbility., In external rototory instobility, simple or complex, the mechanism
of the trouma was in most cases the same, viz. dbduction-externol rotaotion in
combination with o varying degree of knee flexion.

Gonylaxometry was compared with clinicol examinotion and with examination
under general onaesthesia in this material. Gonylaxometry showed the grectest
diagnostic reliability, estimoted by the predictive values, but closely followed
by excminaticn under general onaesthesia. It was far superior to clinical exam
iragtion. 1In the discussion its diognostic value is compared with thot of other
methods. According to most authors, arthrogrophy of fords inoccurate results
with respect to ligament ruptureﬁ. In the literature the outhor could find only
one well conducted study reporting very careful orthrogrophy, with which com-
parison could be mode. However, it cleorly showed lower diognostic predictive
values of positive or negative Tindings thon gonylaxometry ord also lower than

examination under general anaesthesia.
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Chapter 7: It is concluded thot the gonylaxometric method possesses a very high
diognostic accuracy, higher thon other known methods, i.e. good ogreement with
operative findings. It has o wider spectrum of investigative possibilities than
other known methods, of fording a possibility of measuring, apart from lateral/
mediol instability and onteroposterior instobility, olsec all rototion patterns,
It measures in known physical wnits, mm, by a reproducible and known stress force
and a reproducible direction of the X-ray bean. Therefore, it is o good scienti-
fic measuring method.

For clinical diognostic use it is too time-comsuming in the form used here
as compared with examination under general ancesthesio which has cppreximately
the same predictive volues in examining for loteral/mediol instdbility and ontero-
posterior instability. Accordingly, examination under genercl anoesthesio, which
does not require any special equipment, will presumdbly be preferred for clinical
use in our hospitol departments. Ordirmary clinical examination is much less re-

lieble than the two methods discussed dbove.
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SUMMARY IN DANISH

Kopitel 1: Arbejdets formdl hor veret ot udvikle en metode til pdlidelig mal-
ing of ligamentert beginget stabilitet i kneleddet. Forfotteren har valgt at
videreudvikle den of Kennedy og Fowler (1971) beskrevne metode til stress-radic
grafisk maling. Gonylaxometri, kne-lpshedsmdling, er en metode, der arbejder
efter det stress-radiografiske princip. Den kan male medial og lateral side-
stabilitet, antero-posterior stabilitet og rotationsstobilitet. Det har weret
formilet at udvikle metoden til videnskabeligt brug med henblik p& mdling of
disse lgsheder i mm, somt ot ofprpve metodens pdlidelighed.

Kapitel 2: Der er ud fra litteraturen givet en beskrivelse of metoder til be-
dpmmelse of ligamentert betinget imstabilitet i kmeleddet. I kopitel 2 a er
klinisk instobilitetsbedgmmelse historisk belyst og beskrevet, som de seneste
drtiers forfattere hor redegjort for deres metoder. Under omtalen of de for-
skellige instobilitetsformer er hovedvegien lagt pd Palmers (1938} defini-
tiorer af sideinstabilitet og skuffesymptomer. Flere nyere forfotteres syste-

matik ved inddelingen of rotaticnsinstabilitet er omtalt.

I kapitel 2 b er givet en historisk oversigt over instrumentel mdling
of krmeets stabilitet, dels p4 humane krneledspreparater, dels in vivo. Male-
apparaturer hor i videre udstrekning veret konstirueret til undersegelser pd
prieparater, do mon her har kunnet fiksere dem direkte i knoglewev og sdledes
opnd ngjagtige resultoter. Ved miling in vive md benyttes udvendigt pd under-
ekstremiteten fastspendte apparaturer, hver unjgjogtigheder i milingerne op-
stdr pd grund of blgddelsforskydninger over knoglerne, Ved undersggelser in

vivo skelnes mellem ovennevnte form of "extern"” mdling og rodiclogisk mdling.

Den farstrnevnte omfotter
1. goniometri, vinkelmdling,
2. miling of antero-posteriore forskydninger i mm,
3. en kombingtion of 1. og 2. og
4. fotografiske metoder.

Rodiologisk underspgelsesteknik er ligeledes gennemgdet histerisk.
De ferste metoder indskrenkede sig til pdvisning af sideinstabilitet og skuffe
symptom; ved de seneste og mest avancerede tilstrebes en miling aof disse in-
stabilitetsformer i fysiske ernheder, I Kennedy og Fowlers apparatur {1#71)
benytfes en mhlelig mekanisk kraftpbvirkning og rentgenoptagelse i standard-
iserade projectioner herunder; den stkoldte stress-rodiografi. Der eksponeres
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ferst uden kroftpdvirkning, derefter under en sddon pavirkning. P& rgntgen-
filmen kan direkte miles en afstondsendring mellem leddets knogler, represent-
eret ved nermere definerede "landmarks” som mdl for stabilitet eller instabili-
tet. Mon undgdr herved den ovenfor nevnte uberegnelige usikkerhed fremkaldt

of blpddelenes forskydning.

Kopitel 3: Kmeleddets anatomi belyst ud fra litteraturen. Den ossgse anatomi
er behandlet i det omfaong, den har betydning for kneleddets rentgenanatomi,
herunder de "landmarks", der skal benyttes ved udmdling of parometre pd
rentgenfilmen.

Kneleddets ligamenter er opbygget of kollagent bindewev med meget lille
elosticitet, Et intokt ligament er derfor et uelastisk orgon. En vis lille
lpshed er til stede i normale kne for at tillade normale bewegelser. Denne
funktion of ligamenterne er omtalt for hvert ligament for sig. Oet drejer
sig om ligamentum colloterale medigle superficiale et profundum, ligomentum
obliquum mediale, ligamentum colloterole lotercle og ligamento cruciota, De
sidstrnevnte kan hver opdeles i to funktionelt forskellige fiberbundter,

Menisci er omtolt relativt udferligt, idet underspgelser i de seneste
dr hor vist, ot ligamenium collaterole mediales fibre krydses inde i menisk-
substonsen, sdledes ot en menisklesion eller meniskfjernelse ner meniskens
periferi beskodiger ligomenteis kollagene fibre. Menisci er intimt forbundet
med ligamenterne og har stor betydning for leddets stabilitet.

Kneleddets fibrese kapsel bestdr fortil lateralt of eet lag, fortil
medialt of to log. Den forreste ca. 10 mm brede del of ligomentum collater-
ale mediole superficiale glider frit mellem de to log. Detdybe kapsellag
kon pl medialsiden inddeles 1 3 omtrent lige store dele. Den forreste 1/3
er et tyndt fiberlog odherent til synovialis; den midterste 1/3 er sterkere
og udger ligomentum collaterole mediole profundum, Den posteriore 1/3 of
kreleddets dybe fibrgse kopsel udgeres of ligomentum obliguum mediale plus
kopselfibre, der kontinverligt fortsetter i leddets posteriore kaopsel.

Den overordentlige styrke of den posteriore kapsel er fremhevet.

Knezleddets muskler er summarisk omtolt, fordi de kan udgve en oktiv,
stabiliserende virkning pd leddet. Innervationen er omtalt i forbindelse

med refleksbuens betydning for aktiveringen of de musculere stobilisatorer.

Kapitel 4: Egne anatomiske undersggelser har weret pdkrevet, idet en klar-
leggelse of egnede landmarks i leddet har veret nadvendig. Der er fundet
voverenststemmelse med de of Kennedy og Fowler {1971) onvendte londmarks.
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Disse fund har fgrt til korrektion af metoden, specielt hvad angdr identifika-
tionen of tibickondylernes bagkuntkenturer pd rentgenbilledet,

Kopitel 5 indeholder en beskrivelse of forfatterens stress radiografiske metode,
gonylaxometri, Der indledes med de anvendte definitioner aof instobilitets-
typer og andre onvendte begreber. I 5 b betones det, at gonylaxometeret er et
apparat til pévirkming of. underekstremiteten med veldefinierede krefter, ikke
et mileapparat i sig selv. En forskydning aof bleddelene under fastspendings-
aopparaturet finder ogsd sted i clette opparot. Det arbejder derfor i forbindelse
med rentgencptagelser under kraftplvirkningen. Aflesning of parametrene fore-
gar p& rentgenfilmene efter eksponering. Denne teknik sikrer tillige en re-
producerbar strdleretning. Trykpdvirkningen sker hydraulisk, og trykgeneratoren
er en elektrisk drevet oliepumpe, dobbeltsikret mod for store kraftpdvirkninger.
Kraftpvirkningen foregir langsemt. Der anvendes lokalanestesi i tilfelde,
der er helt akutte eller s& friske, at der stodig er smerterecktion fra kne-
leddet, Potienten er anbrogt po en tandlegestel med fastspendte femora og
Fadaer, idet apparaturet kan tilposses forskellige ekstremitetslengder og
forskellige stillinger of kneleddet, Ved abduktions og adduktionscptagelser
benyttes en kroft pd ? kp med ongrebspunkt i fodsdlens niveau, Der opstér

et drejningsmoment, hvor kraftens arm er lig personens cruslengde. Ved op-
tagelser af skuffesymptom er benyttet krefter pd 20 kp og 30 kp med angrebspukt
direkte i ekstremitas proximelis tibice og virkning direkte i displaceringens
retning {intet drejningsmoment}. De benyttede krefter liqper betydeligt under
ligamenternes tolerance., Ved eksponeringerme er benyttet 50 til 40 kV op &0
mAs.

Ab- og adduktionsmiling foretages med patientens kne 20° flekterede
(160°-positionen), Det er en a-p optagelse of begge kne dels uden og dels
under kraftpdvirkning., Filmen er placeret under personens kne,

Ved miling of anterior og posterior lgshed er patientens kne flekteret
90°. Anden fodstrale peger direkte fremod "meutral position $0°". Derop-
toges farst et billede of det pdgeldende kme uden kraftp@virkning, derefter
et med tryk og et med trek. Eventuelt gentoges proceduren med foden fast-
spendt i en roteret position. Herefter gentages proceduren for det mod-
satte kre, séledes ot en sommenligning of parometre fra de to kme bliver
mulig.

Udmaling aof porametrene pd rentgenfilmene foregdr pd en. vandretliggende
matglaosplade belyst nedefra, Malinger of sideleshed ?oreg&r pd a-p optag-

elsen. To grundlinier ploceres gennem hedoldsvis de mest distale punkter
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of femurkondylerme og de mest distale konturer of tibiokondylernes ledfloder.
Medial sidelpshed, parameter ¢, ofskeres pd en tangent til det mest medicle
punkt p& tibickondylen, vinkelret pd grundlinien pd tibiokondylen, mellem de
to grundlinier, Tilsvarende mdles parometer d, lateral sidelgshed, pd en
vinkelret til tibia grundlinien, aofskéret mellem tibio- og femur-grundlinien.
Parametrene for anterior og posterior forskydning udmiles pd& en grundlinie
gennem forreste og bageste punkt of den mediole tibiaokondyls ledskdl., Herpa
nedfeldes vinkelrette der tongerer de forreste og hogeste punkter ph henhelds-
vis femurkondyler og tibickondyler. Parametrene ofskeres mellem disse tang-
enter. Der mdles en parometer for det laterale kondylpar, en for det mediale.
Ved trok mindskes parametrene, idet tibidbogkonterne nermer sig femurkondyl-
ernes forkanter. Ved trykpdvirkning findes det omvendte forhold. Gennem-
snittet of forskellene fra det uvpdvirkede kmeled angiver middeldisplacering
onteriort eller posteriort: Hvis optogelsen er foretoget i "neutral position
900", er dette defineret som henholdsvis anterior og postericr disﬁlocering;
ved patologisk hgje verdier henholdsvis anteriort og posteriort skuffesymptom.
Forskydes kondylerne ulige meget er der tale om rototion. Formler for be-
regning af sédonne disploceringer er opstillet. Ved undersggelser of normale
perscner er fundet normalomrider ag 97%% gvre normalgrenser, "critical levels”,
for disse displaceringsmgnstre., Der sommenlignes helst med pgrsonens aondet
kne og grenser for forskellen mellem de to kne er ligeledes fundet.

Forstgrrelsen er gemnemsnitlig 10% p& rgntgenbilledet. Muligheder for
fartegning of de virkelige forhold pd rentgenbilledet pd grund of forskellig
forsterrelse of filmmere og filmfjerne punkter i kneleddet er gennemglet.

Det konkluderes, at den langt storre bewegelighed aof den laterale tibiakondyl
ved trak og tryk end af den mediale ikke kan forklares ud fro disse forskelle
i forsterrelsen.

Parallaksefejl forekommer ikke ved optogelserme med latero-medial
strdlegong. Ved a-p optagelserne er muligheden for porallaksefejl s lille,
at der i proksis kan ses bort fra den.

Mileusikkerhed ved gentagne fotogroferinger og mdlinger pd rentgen-
filmene of samme parametre hos de somme forsggsperscner er undersegt ved
tripple undersggelser hos 33 personer. Den er med 95% sikkerhedsgrenser <
t 1,2 mm for mediol og lateral sideinstabilitet og < ¥ 2,4 mm for ontero-
posterior stabilitet. Egentlig aflesningsusikkerhed fra gong til gang ved
oflesning af somme parometer pd somme film har mindre interesse; den er for

fire undersggte parametre ca. 2/3 of den ovenfor mevnte mdleusikkerhed.
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Som standardprocedure anbefales en serie stress-optogelser bestdende
of to a-p optogelser og tre sideoptogelser of hvert kneled for sig i "neutral
position 90°". Man opndr ph a—p optogelserne of de to kneled somtidig: mdl-
ing af medial og lateral sidelgshed. A-P optogelse i ubelastet stilling er
fundet overflgdig. Ved de seks sideoptagelser opnds miling of onteroposteria
lgshed somt den overvejende del af rotationsinstcbile tilfelde, Antallet of
eksponeringer er herved reduceret til otte,

Det findes mest rimeligt at ongive resultater i hele mm. Milinger og
beregninger udfgres med een decimal, Kritisk grenseniveau, "critical level'
er 2 mm for sidestabilitet, 3 mm for onterior og posterior displacering i
form of differensen mellem patientens lederede og raske kne. Dette skal for-
stds sddon, at wverdier $2mmer normale, werdier 2 3 mm er patologisk for-
he jede for mediol og lateral stobilitetsmdling. For antero-posterior dis-
placering og rotation gelder, ot wverdier £ 3 mm er normale og verdier Z4m
er patologiske. -

Kontroindikotioner mod underssgelsen er: livstruende tilstonde, lesie
arterice popliteae sive nervi peronei,sterre fracturer i tilstgdende knogler,
intraartikulere fracturer, rentgenolegisk pdviste insertiomsafrivninger of

ligomenterne.

Kapitel é: Egne undersegelser, resultater. Farste ofsnit omhondler under-
spgelser pd hurdrede normale forssgspersoner, De omtalte mileusikkerheder
og kritiske grenseniveauver er fundet pd grundlag of dette materiole. Der er
fundet normalomrdder for parametrenes stgrrelse, men ogsd for forskellen
mellem en persons to kne for olle parometre. Det har vist sig formdlstjenlf
at benytte denne differens, idet den varierer inden for et meget lille omrddy
medens parometerverdierre selv har meget brede rormalomrdder., Felgelig er
det vonskeligere pd baggrund of de sidstnevnte normolomrdder at udtale sig
om, hvorvidt en parameter er normal eller ej. Man er imidlertid tvunget til
ot benytte disse, hvis begge kne er lederede.

P4 grundlag of de ved aratomiske og rentgenanatomiske studier fundne
landmarks har det weret muligt ot pdvise, ot den loterol tibickondyl under
trek eller tryk bewveges omtrent dobbelt s& meget som den mediale i normale
krne. Der forekommer oltsd en rotaotion indod ved trek, udod ved tryk. Der e
-ogsd fundet normale grenser for denne bevegelse og for differensen mellem
samme persons to kre, Lignende unders¢gelsesrekker er gennemfprt med forseg
personens fgdder fikseret i 15%°'s og 30%'s u&odrototion og 30°'s indadrotat!

Der er fundet god overensstemmelse med en rekke forfatteres undersegelser of
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hver deres del af instabilitets-"spektret". Forfatteren er wvenig med Markelf
et al, (1978) og mener, at deres fund af store differenser mellem samme para-
metre i en normal persons kne beror pd en ungjogtig metode.

I andet ofsnit, kapitel § b, er pd 153 laderede kne undersggt metodens
evne til at skelne mellem normale og lederede kne. Alle underspgte patient-
er er opererede, s&ledes at gonylaxometrifundet har kunnet sammenlignes med
operationsfundet. Mon fandt anteriort skuffesymptom, med foden ret fremod,
ved lesion af ligamentum cruciotum anterius, posteriort skuffesymptom ved
lesion of ligomentum cruciatum posterivs. Smd positive verdier for medial
sideinstabilitet {csyge - croske) > 2 rmm til s 4 mm fandtes ved ruptur aof
ligomentum collaterale mediole profundum og ligamentum obliquum mediale uden
somtidig totol ruptur of ligemtnum colloterale mediale superficicle. Stgrre
positive verdier, (csyge - croske) > 4 mm fondtes ved total ruptur of ligomentum
colloterale mediole superficiole; endnu hgjere verdier nér korsbandsrupturer
og ruptur af leddets posteriore kapsel samtidig var til stede. Der er kun &
lesioner af ligamentum collaterale laterale i materialet.

Der pivistes i olt 59 tilfelde of forskellige former for adbnorme roto-
tionsfenomener. Det drejede sig om simpel medial rototions-instabilitet i 23
tilfelde og kompleks anteromedial retotionsinstobilitet i 20 tilfelde. Det er
vist, ot der meget vel kam wvere rotationsinstobilitet i krxe med meget ringe
persisterende sidelpshed. Udodrototionsinstobilitet, simpel eller kompleks,
havde i de fleste tilfwelde en felles traumemekonisme: abduktion-vdodrotation
i forbindelse med en varierende grod of kneflektion.

Den gonyloxometriske metode er i dette moteriale sommenlignet med klin-

isk unders¢gelse og undersagelse i universel onestesi. Den fremviste den
stgrste diognostiske sensitivitet og specificitet, dog tet fulgt of under-
segelse i universel anestesi. Den var langt bedre end klinisk undersggelse.

I diskussionen er sammenlignet med andre metoder i diognostisk henseende.

De fleste forfatiere angiver,at arthrogrofi giver ungjogtige resultater med
hensyn til undersggelse of ligamentrupturer. Der er i littercturen kun fundet
een velgennemfgrt undersggelse, med meget omhygyeligt udfert arthrograofi,

med hvilken der kan sommenligmes. Denne Fremviser dog klart lavere diagnost-
isk specificitet og sensitivitet end gonylaxemetri og underspgelse i universel

onestesi,

Kapitel 7: Det konkluderes at den gonylaxometriske metode har en meget hgj
diognostisk sikkerhed, hgjere end andre kendte, d.v.s., god overensstemmelse

med operative fund. Den har et sterre spektrum of undersegelsesmuligheder end
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ondre kendte, idet den rummer mulighed for milinger of samtlige rotations-
menstre, foruden sidelgshed og antero-posterior instabilitet. Den mdler i
kerndte fysiske enheder, mm, med reproducerbar og kendt kraftpdvirkning og re-
producerbar rgntgenstrdleretning. Den er derfor en god videnskabelig male-
metode.

Til olmindelig klinisk diagnostisk brug er den for tidsrevende i den
her anvendte form i forhold til undersggelse i universel onestesi, der for
sidelgshed og antero-posterior instabilitetsbedpmmelse har omtrent samme
diagnostiske sensitivitet og specificitet. Undersggelse i universel anmestesi,
der ikke krever specicludstyr, vil derfor formentlig blive foretrukket i den

almindelige klinik pd vore hospitalsafdelinger.
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ADDENDUM I

ANALYSIS OF GONYLAXOMETRIC RESULTS IN 100 NORMAL SUBJECTS
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This Addendum contains documentation ond analysis of the results of measure-
ments in stress radiography, gonylaxometry, of normal persons, since the medi-
cal journals in which the pravicus papers have been published have not had

space for exhaustive documentotion.

Moreover, the material of mormol persons wos extended from the original
50 to 100, ond the measuring results for the 100 mormal persons are best pre-
sented combined.

The object of the measurements on normal persons was partly to assess
the occuracy of the method, i.e. the certainty or uncertainty of the measure-
ment on repeated measurements on the some person (done on the former half of
the normal material, subjects C 1 - C 50) and to establish the mean mognitude
of the knee joint parameters in given positions of flexion ond rotation. A
further object was to oscertain the stondard deviations (SD) ond upper nor-
mal limits, hereofter called "critical levels" of the some parameters, These

.investigations were performed on both halves of the normal motericl. However,
the conditions (troction/pressure forces ond rotatory position of the foot)
were altered in the latter holf of the material {subjects CL - cbloo) in
order to elucidote alsc the influence of these alterations. Therefore, the

two halves of the material ore best presented in the named order.

Normal Moterial. Admission Criteria

These odmission criteria, meoning the conditions for odmitting a person to
the normal material, were quite unchanged from subject 1 - 100 and will
therefore be discussed collectively. Specicl records have been kept for

all the 100 normal subjects, substontioting that they have never hod knee
injuries, articular diseases, or complaints from the knee Jjoints, and their
knees hove proved sourd at clinical examination. Quodriceps measurements
10 and 15 em proximolly to the base of the patella {os thigh circumference)
excluded quodriceps atrophy (the difference between the person's two thighs
was to be < 1 ecm)}. Furthermore, 1 excluded persons with hydrarthrosis,
thickening of the joint capsules, restricted mobility in the joint, clini-
cally detectoble medial or lateral inmstdbility, rotatory instability or
drawer sign, tenderress of the joint line, as well os increosed laxity of
the posterior joint capsule. Thus, 1 excluded persons who could extend
their knee joints beyond the 195° position (measured on the lateral ospect
of the leg from the tip of the lateral malleolus to the lateral femoral -

epicondyle ond the tip of the greater trochanter). These measurements were
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performed with a specially designed goniometer with 50 em long arms. Persons
with valgus position of the knee exceeding 10° were also excluded, seeing thaot
Thestrup Andersen {1955) found the variaotion of the angle between the femur
and tibia in the frontal plore to ronge from 0° to 10° in o materiol of 100
persens with sound knees, The length of both lower limbs was measured, from
the tip of the lateral malleolus to the proximal margin of the greater troch-
anter, as the object was to find an expression of the dimensions of the limb
itself, not of a lopsided pelvis, volgus deformity of the femoral neck, or
the like, Persons in whom the length of the two legs differed by more than
1% cm were excluded,

No abnormalities were found on the X-ray Films of this series,

All the contrels were in the age range 20 - 50 years except for one who
was 52. This age range was due partly to the possibility of recruiting per-
sons who were willing to porticipate and partly to my disinclination to expese
persons of a younger age to rodiagtion for experimental purposes. Empirically,
the age group between 17-18 years and 40 years is porticularly prone to sus-
tain ligament injuries in the knee joint (compare (3) Table 1 with (5)
Table 1). Thus, the oge distribution of the normal materiaol is relevant, i.e,
it corresponds to the oge of that group of the population which risks sus-
taining injuries to the knee ligaments, Of course, such injuries occur also
in younger and older age groups. In practice, however, the critical levels
found can be used for them tco (5).

The sex ratio in both parts of the normal materiol, and thus also in
the total normol material, is 1:1. Those who acted as subjects were students
doctors, nurses, nurses' aides, hospital porters, engineers, clerical staff,
and teathers, in other words a feirly broad sectien of the population, A
large part of the hospital staff carry out physical work which mokes rather
great demands on the lower limbs. Nearly all of them went in for some form
of sport, but only one mon tock part in exacting othletic competitions. Tech-
nical details and measuring methods have been described.

First Control Group (qu

The measurements on the first group of normal healthy controls, Cal —‘C025 fe-
moles ond C026 - Cu50 males {ratio 1:1), were mode in 1973, from February to
May incl. All were carried cut by the present author as described in (3)

and {4). As shown in Table 1, these first 50 normoal persons were divided
into two groups. In group I the ob- and odduction force was ¢ kg, tractien
and pressure force 20 kg, while other forces were employed in group II. At
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Table 1

Age distribution and sax ratio ( material Ca )

Ags Females Males

Years total graup I group 11 total group I group 11
20-30 22 15 7 18 13 ]

3l-52 3 2 1 7 4 3

20-52 % 17 B 25 17 8

this site there is a need only for emphasizing the stotistical onalysis of
the results in group Cu and the foct thot o part of the investigations was
‘performed as a triplicate onolysis, not merely o test/retest examination
(viz. o duplicate onalysis). This triplicate test was carried out on 32
control persons {33 for parameters c and d), 16 females and 14 (17) moles,
and the statisticaol analysis was performed as a two-sided variance ona-
lysis+)

Let it be stated here that the force used to act upon the knee joint
is thot reported in paper (3). The movements are performed slowly, and
when the hydraulic cylinder which induces the force meets with resistonce
of the some mognitude to which it is odjusted it stops ond thereafter ex-
erts only a static oction. The force moy also be designated kp, ond for
conversion to N (Mewions) the conversion foctor is 9.8l (Geigy's tdbles,
p. 184), so thot 1 kp = 9.81 N. This foctor is erronecusly lacking in
{4). 9 kg pressure force = 9 kp = % x .81 N = 88.29 N was used in abduc-
tion and odduction to act upon the foot. During stress on the 20° flexed
knee a force of 20 - 30 kp was used to provoke o possible anterior or pos-
terior drower sign. When converted it is e.g. 20 x 9,81 N = 194.2 N (in o
person weighing 40 kg the force is 3.27 N per kg body weight)., This is
far below the tensile strength of the ligaments, as was discussed in the

moin survey,

+) Recommended by Bjgrn Andersen, M.D., aodviser in medical stotistics to the
Danish Medicol Research Council and carried out by Erik Kousgoard, M.Sc.
(stat.}.
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Evalyating the Accurocy of the Measurement

The test/retest method was used on all the first 50 subjects discussed in
popers (3) ond (4}, and for each porameter the first and second measuring
results, x; and x,, were compared os advecated by Therkelsen (1968)+)

It opplies, then, to the difference d = x) = Xpi

Varionce = . As I have called the stomdard deviation 5D’
and the number of dup%1cote determinations N insteod of k, the formula is

(s’ )2 1 Z:d or SD' \ l{jd

which regrettably has been distorted in various ways during the printing of
(3) ond (4). However, this formula was used in all calculations, also in
those tabulated in (3) ond (4). The calculations were performed on a table
caleculator with writer (Compuceorp 445, StatisticiunR in the ldberatory of
Dept. C of the Gentofte University Hospital, Copenhagen).

Table 2 gives the stondord devigtions of the four porometers which haod
originally been intended for describing medial ond laterol stobility in the
frontal plane: a, b, ¢, ond d.

Far comparison, it gives the mean difference between the duplicate
measurements of the parameter concerned., This value gives on impression
of the measuring accuracy - ond of a fairly great accuracy (the mean dif-
ference for a, b, ¢, and d being between 1/4 and 3/4mm ).

During the course of the research progromme in the gonyloxometer it wos
observed that the resting position "neutral positiom 160°" was poorly de-
fined, as each subject felt the knee reloxed at a feirly varying distonce
of the shoe from the mid=-position of the apparctus. For this reason this
initicl position - and occordingly olso parameters a and b - were rejected
as ingpplicable in the measurements (4). However, they were measured in the
first 50 subjects, ond from the findings in Table 2 it is opparent that
this uvncertainty with respect to the pesition of the foot has not offected
the knee porameters o and b, The standard deviation, SD', 1is even particul-
arly low for o, o little greater for b, but not so great that their use had
sericus consequences to the meosurements.

In fairness, then, it may be said, cf. (4) ond Kennedy and Fowler
(1971) thot o ond b {(and c-o = mediol stability, d-b = lateral stability)

+} Recommended by the odviser in medical statistics to the Research
Council and performed by the outhor.
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Tabla 2

Standard deviation, SD°, for the parameters for measuring mediel and lateral
stebility in 34 normal persons (group I). Units: mm, Xd= meen difference in

duplicate measurements.

perameter right left
SD° xd sSD’ ®xd

a = medial distance,

L] . - - 0 . B
unstressed joint 0.31 0.28 D.31 2

b = lateral distance, , . 0.74 .59 0.70
unstressed joint

c o medial distance
during abduction g.53 0.55 .56 .62
(velgus stress)

d = lateral distance
during adduction 0.5& 0.6l .59 0.65
(varus stress)

were rejected not because they were too inaccurate, but because it is on od-
vontoge to use fewer parameters (¢ = medial stability, d = lateral stdbility).
The importance of SD' {standard deviction) is as follows: Parameter ¢
in a person (sick or healthy) must be with 95% certainty within the measured
¢ valve T tzq SD' {or in other words: will be within this limit with 95%
certointy in a repeated measurement) t20 = 2,03 for 34 measurements, ond
the confidence limits for the measuring method, or in other words the occu-
racy of the measurement will be T 2.03 x . (tZG moy be read from o table
on the t distribution, e.g. Geigy's tables 1940). The values for SD' ard
t 2.03 x SD' are shown in Table 3, Thus, the inaccuracy of the measurement
will in all cases be less than © 1,2 mm for medial and lateral stability
(c ond d) aond less than pt 2.4 mm for anteroposterior stability, determined
with 95% confidence limits,
When using central points on the tibia (pt. $) the accuracy of the
method is seen to become negligibly less (Table 4).
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Tahle 3

Accuracy of method stated in mm igroup 1)

parameter letter 5D tt, x SD°
medial T al 0.53 + 1.08
stability [ L 0,56 + 114
lateral d R 0.58 + 117
stability [+ L 0.59 t 1.2
anterior displacement fe-g} R 0.94 + 1,90
of lateral tibial condyle jeg) L 0.88 t 1.78
anterior displacement {f-h) R 0.51 + 1.04
of medial.tibial condyle {f-nj L 0.66 + 134
posterior displacement (i-e} R 1,08 + 219
of lateral tibial condyle li-e} L 1.18 + 239
posterior displacement - R 0.58 + 1,38
of medial tibial condyle (-f) L 0.70 + 142
total displacement of {i-gt R 097 + 197
lateral tibial condyle {i-g) L 1.14 + 231
total displacement of -h} R 0.64 + 133
medial tibial condyle -1 L 0.74 + 150
Table 4

Accuracy of method on using central peints for measuring the displacement of the
tibia 8s & whole.

parameter letter spe 203 x SIY
anterior displacement of tibia E-G R ae3 + 1.68
{measured by means of point 5) E-G L 0.83 + 1,28
posterior displacement I-E R 0.79 + 1.60
(paint 5) I-E L 112 t 2.27
total displacement of -G R 0.79 + 1.60
tibia -G L 1.23 + 250
Table 5

Accuracy of method [standard deviation on repeated measurementl, Group |l (B males, B females)

parameter letter S0 force

medial stability ¢ I ?:g; abd. 18 kg
lateral stability d E: 823 add. 13 kg
gt eaf 9% o
e L
pesr depbemers o f 0 st
posterior displacement _ (-1 [l ggg pressure 18 kg

of medial tibial condyle
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With other forces: abduction force 18 kg, odduction force 13 kg, pres-
sure on the proximal end of the tibia 18 kg, ond traction (anterior displace-
ment) 13 kg on another 16 persons (8 moles ond 8 females, group II), the
stondard deviations (SD') were as shown in Table 5. On the whole, they are
somewhat greater thon inm group I for ¢ ond d, but not essentially deviant,
while for {e-g), (f-h), (i-e), and (j-f} they do not differ at all from those
found in group I.

A stondard deviation, 3D', on the duplicate mecsurements from 0,53 mm
to 1.23 mm ond the corresponding 95% confidence limits: ¥ 1.2 mm for laterol
instability ond ¥ 2.4 for onteroposterior instability immediotely roises the
question whether it is ot all reasonable to state these results with decimal
fractions, or whether it would be more reasondble to state them in whole mm,
In my opinion, measurements ond calculations during the period of testing the
method must be stoted with decimals, deferring the final decision of this
question until the results for normal subjects as well as those for injured
persons in a test materiol have been analysed,

Less interest attoches to actual inaccurecy in repeatedly reoding the
some porameter on the same film. Therefore, this was tested for only a few
parometers: c, d, e, and f, X-ray films of 45 knees from the Cb material
were used. Only right-sided parameters were tested. The comparison was blind,
with a long interval of time between the two reodings. The 2 x 180 readings
were compared by the same statistical method thot was used in the test-retest
investigations of the msasuring accuracy. The results of the mean, x, and
the standard deviation, SD'", are shown in Table 4. They constitute dbout

two-thirds of the total inaccuracy of measurement.

Table 6

Inaccuracy of duplikate reading on the same film, unit: mm.

parameter numerical mean difference x standard deviation SD''
C, —C 036 =04 0.30 =03
d, —d, 037 =04 0.33= 0.3
e, —e, 063 =06 056 = 0.6
| — 049 = 05 044 = 04

1 2
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In order to elucidate further the relationship between the accuracy
of the method and the size of the parometers needed as well os the magnitude
of the variation in these parameters, triple testing was done in 33 cases for
parameters ¢ and d, in 32 coses for the other parameters,

Varionce analysis was performed on this triple test (performed and
measured in o rondomized, blind woy just like the test-retest method (cf,
(2)). In the triple onalysis the acbduction or adduction force was ¢ kg, and
in ossessing onterior or pesterior displacement of the tibio in relation to
the femur a traction or pressure force of 20 kg.

The two-sided onalysis of varionce has been described in most major
textbooks of statistics, e,g. in A. Haold: "Stotistical Theory", p. 456
ff, {1957).

If the measurements are designated as follows:

measurement j

sub= 11 sum
ject = 2

1%y X5 %3 | %,

1% %55 %53 | %4,

k%1 % X3 | %

sum x.l X . x.3 x..

the following expressions of the sum of squares of deviations between
the subjects are cbtained:

x (x, )2 [x_)°
S5D —5[ (x, -x 32 - i.n .
LT .e igi 3 K
between measurements
2 2
3 (x.) {x )
= X.-% )= 5 R
8sD =k _);(x-j x”) = ?}1 . 5
residual
2 2
k 3 k k (x, ) {x ) (x|
SSD =2 2 (x -x -x +x )2 > ) Ut L REE 3,
it1 3=1 1. ] 1‘;]21 i 55 3 j=1 & 3k
total )

k 2
SSD, = Z (x5 - =72 x& L

1—1 j=1 x.) im1 j=1 iy~ T
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The degrees of freedom for these four sums of squares ore k-1, 2,
2(k-1), and 3k-1. This offords, for the first three sums of squares, the
following expressions of variance:

2 _ _ 7 _ 2 _ )
s, =SSO/ (k-1), s, =SSO, /2 and s = SSD_/2(k-1)

This presupposes thot the mean value M(xij) =a+ gy +-Yj can be split
vp into additive contributions which characterize the subject and the number
of the meosyrement, The hypothesis B; = 0 (i.e. no difference between the
subjects) con be tested by testing whether M(sg) > M(sf). This is done by
an F-test, F(f1= k-1, FZ = 2(k-1)) = 55/53' If this rotio significantly ex-
ceeds 1, the hypothesis B, = 0 hgs to be rejected, In the some way, Yy = 0
(no difference between the measurements) is tested by F(f,=2, f2=2(k-1)) =
si/sf.

Toble 7 gives for the 14 measurements the sums needed to calculate
the $8D's which are given, with the corresponding varionces, in Table 8B,

This toble also sets out the F volues for both tests corried out per measure-

Table 7.

K 2 2 2 2
A0 K2 Xy . X gglxij 321*.j/k P x5 X

© gight 33 273.2 270.0 275.4 818.6  7015.88  £769.1939 6996.3200  £768.7471
€ left 33 270.7 2747 2745 B20.9  Pol6.63  6Bo7.0070  6395.6567  6Bo6.8365
d g 33 4335 L29.6 428.3 1291,4 17126.00 16846,0394% 17106.1133 16845,5956
d 33 425.6 L422.8 426.3 1274.7  16626.41  16412.9%61 1661p.0233 16412,7282
{f-h)g 32 70.3 68,9 74.8 2lb.o 678,42 477.6356 658.6113 L497.0417
(£-n). 32 Bo.6 85,8 B4.8 2%1.2 §73.72 657.7825 851. 0467 657,3067
(i-g)n 32 240.7 25.8 248.6 74,1 6093.41 S707.4716  6027.1lo33  S705.7084
(i-glL 32 245.3 253.2 247.3 745.8 6185.86 5794,9881 6lo9.c200 5793.G338
{j-h)ﬂ 32 12k.6 127.7 12B.9 3B1.2 1779.98 1513.9894  1751.74%00 1513.6817
(j-h)L 32 130.8 135.8 139.9 4065 2018.59 1722.5716  19Bg.L967  1721.2734
(i-e)R 32 99,9 lo7.6 1lok.5 3l2.0 1154.92 1014.9381 1083.8467 1lolk.ooeo
{i-e) 32  99.1 1lo2.9 1lok.8 306.8 1149.58 981.0081  1065.6467 980.4817
(3-1) 32 s4.3  59.9 54.7 168,9 371,77 297, 7684 334, 5033 297.1584
(j-r)L 22 55,2 5o.0 551 155.3 319.15 251.7516 282.3167 251.230)
(e-g)R 32 14%0.8 143.2 145.0 h29.0 2213,16 1917.3712  2156.0133 1917.0938
(e-g)) 32 146.7 1350.3 143.5 hho,5  24ob.67 2021.9759  2353.7900 2021.2526
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Table 8.
o cL dg
55D i € F 55D f s F 58D f o F
subjects [op7,57 32 7,11 23%.70 | 188.82 32 5.90 1B.15 [260.52 32  B.14 26.79
maasuremts] 4 45 2 .22 <1 Q.17 2 o0.09 <1 o, 2 0,22 <1
residual 19.11 64  o.30 20,80 B4  0.33 19.44 B4  o.30
total 247,13 g8 209,79 98 280.40 98
d {(f-h)R (f=h)
2 2 L 2
550 £ 5 F 55D g F SSD f & F
subjects [197.30 32  6.17 24.41 1181.57 31 5.86 18.91 |193.74 31 6.25 17.46
measuremts; 0.21 2 o.le 21 0.5¢ 2 o.3v <1 0.8 2 e, 2h <1
residual 16,18 64  0.25 19,21 62 0,31 22,P0 B2 0.3
total 213,68 498 Zol.38 95 216,41 95
(i-g) {i-g) (j=h)
R 2 i L 2 R 2
ssD T s F 58D f 5 F 8§D f B F
subjects [321.,39 31 10,37 9.96 |315.09 31 1le.16 8,31 [238.06 31 7.6B 17,05
maasuremts) 1,76 2 o0.88 <1 l.05 2 ©.53 <1 0.31 2 .15 <1
residual Gh.54 62  l.ob 75.73 62 1.22 27.93 62  0.45
total 387,70 95 391,93 9% 266,30 95
(3-h) {i-elg {i=a),
2 2 2
85D f 5 F 85D f g F 88D f 5 F
sub jects |268,22 21 B.65 19.29 | 69,B5 31 2.25 1,99 | 85,16 31 2.75 2,04
measuremts| 1,30 2 0.65 1.45 e.9% 2 0.7 <1 8.5 2 0.26 «1
residual 27,80 62 0.4 7o.lh B2 1.13 83.41 62 1.35
total 297.32 95 1%0.92 95 169.1a 95
{i-f}r (3-£3_ (e-glg
85D t & F 58D & F SSD r & F
sub jects 37.3% 31 l.2e 2.03 ) 31.09 31 l.oo 1.7F [238.92 3 7.71 8.4
measuremts| o,61 7P a3 <1 0.52 2 .26 <1 0.28 2 0.1l4 <l
residual 36,66 62  ©0.5% 26,31 62 0.59 56,87 62 0.91
total 74.61 95 67,92 95 296,07 95
(e-g)L R
55D f 5 F
subjects |33z 5k 31 10,73 13.26
measuremts 0.72 -3 0.36 £ 1
regidual 90,16 62 o.81
total 383, L2 95
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ment, The significance levels for the F-test - with the present degrees of

freedom - will be seen from:

degrees of freedom significance level
3.9, 5% 1% 0.1%
32.64 1,63 1.99 2.48
31.62 1.64 2.01 2.52
2.64 3.15
2.62 3.15

It is opparent that the variation between the subjects was signi-
ficant ot the 0.1% level ir nearly all coses. In 3 cases: (i-e)R, (i-e)L,
and (j—f)R the variation is significant ot the 1% level, but for (j-\")L
not until the 5% level. Summing up, the hypothesis B = 0 has to be re-
jected for all 14 measurements - even very convincingly in most of the
cases,

Reversely, the testing of the variotion between the measurements
gives in procticolly oll coses an F-value lower than 1. F was greater
than 1 in only one case (j—h)L, but far from significantly. Thus, the
hypothesis v . = (§, which means no difference between the measurements,
has to be accepted in all cases.

To the cbove the following may be added: That the B, = 0 hypothesis
is rejected means that the subject-to-subject varionce is not 0. On the
contrary, there are significont differences between the parameters for the
various subjects, This "voriance between subjects" is abbrevioted "sub-
jects” in Table 8. The variance "within subjects" consists of two, viz,
the variance between the measurements: "meosurements", and a residual vari-
ance depending upon the subject, "residucl". Reversely, as alreody stoted,
there is no significont difference from one measurement to ancther {or be-
tween the three measurements) in the same subject. Accordingly, the methed
does not have systematic errors. The accurocy of the measurement is satis-
foctory. 52 in "meosurements" (Tdble 8) is in the same order of mognitude as
(SD')2 in the test-retest investigation, just as they ocught to be,

The applicability of the method otherwise must then be assessed accord-
ing to its gpplicobility in o pothologicol moterial once “"normal values",
upper limits or "eriticol levels" have been found on the basis of the me-

terials of normal persons.
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In the pathological material, Addendum II, there is for eoch patient -
with a couple of exceptions - one sound and one injured leg. Therefore, it
might be investigoted whether x ond SD for the porameters from these sound
knees accorded with the findings in the normol moterial. However, the nor-
mal material is considered so large and exhoustive that this procedure was
deemed superfluous. The idea of the standard procedure in the pathological
materigl is using the parameter in the injured knee less the parameter in the

wninjured knee,

Porameter Values in Normal Persons (Col

The "stondord values" for group I have been reported already in (3) as well
as (4), so that here they will be listed only in the form of the mean, x,
and standard deviation, 3D, in Table 9. The meon ond SD were colculoted

in the first series of measurements fer the right and left leg separaotely,
The values listed in Toble 9 are the higher one for each parameter, ond thus
enable calculations of an upper normal limit, o "critical level". The cal-
culotions included 2 decimals, but for the sake of clority they are rounded
to one in Table 9. Testing of o difference, if ony, between the parameters
in females ond males was done for each leg separately, using the Mann-Whitney
rank sum test for unpoired dota for oll porameters of group I {group II be-
ing estimated as too small)., A significant sex difference (at the 1% level)
was found only for paramter ¢ - while in all other cases there was no signi-
ficant sex difference, not even at the 5% level.

The movement of the central peint, 5, in the form of E-G (anterior dis-
placement) proved to be procticolly identicaol with the calculation LE:QA-;Fif:hl
Similar considerations opply to parameters I-E ond I-G, cf. Table . The
occuracy of the method, also when using these centrol points, is quite close
to that found by using the meon of the displacement of the loteral and medial
tibial condyles (compare Tables 3 ond 4). Then, since the parameters of the
displacement of the individual tibial condyles afford the some information
when using the mean, and since furthermore they can afford information about
the rotation, they were selected. Therefore, E, G, and I were omitted in
the stondard measurements, although it hos been shown that the antercposterior
displacement can be measured by meons of central points too. The omission
of these measuring points was again done on the basis of the consideration:
to obtain the laorgest possible number of dota through the fewest possible

parameters, This reasoning was briefly discussed in (4).
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Table 9

Normal values in groups | and |1, characterized by the mean, x, and SD for the various parameters. Unit: mm.

parameter action tgroup 1} % SD action {group 11} X sD

c males abduction 9 kg 9.0 1.3 abduction 18 kg 96 28
females abduction 9 kg 7.0 1.2 abduction 18 kg 9.6 28

d both sexes adduction 20 kg 129 1.9 adduction 13 kg 14.9 1.8

e-g both sexes traction 20 kg 44 21 traction 13 kg 5.2 2.2

f-h both sexes traction 20 kg 23 15 traction 13 kg 2.1 19

te-g) m ILSL2) B sexes  traction 20 kg 34 1.7 traction 13 kg 31 1.8

E-G both sexes traction 20 kg 34 1.8

i-e hoth sexes pressure 20 kg 3.1 14 pressure 18 kg 35 1.5

j-f both sexes pressure 20 kg 1.6 0.8 pressure 18 kg 1.7 0.8

{i-e) + (j-f) o

—— both sexes pressure 20 kg 25 0.8 pressure 18 ka ?8 0B

I-E both sexes pressure 20 kg 26 1.2

Total a-p

displacement:

i-g both sexes pressure & traction 20 kg 75 22

j-h both sexes pressure & traction 20 kg 40 18 Not calculated here owing to the difference

ti-g) + {-h) in the pressure and traction forces.

||m|n|_1!i both sexes pressure & traction 20 kg 5.8 18

-G both sexes pressure & traction 20 uy 6.2 2.0
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As is also opporent from Table 7, the normal ranges of all the parameters
stated are very wide, meaning that the subject-to-subject variation of one
paraneter is marked("variation between subjects" highly significant). It was
attempted, therefore, to look for a parometer which remained more uniform from
subject to subject, and it was found that the difference between the two legs
of the some subject was alwoys very small. -~ Therefore, all porometers were
corverted to /right - left/ (numerical difference between the subject's two
knees). Coarresponding calculations for these differences are shown by the
values for group I1 in Table 10, in which (i—g) ond (i-h) ore omitted, as they
signify nothing, the pressure and traction being exerted with different
forces., Where group I is concered, these values were given in (3) Table 2
ond in (4) Toble 1. It is olways an odvantoge to use them whenever possible
{e.g. in o patient with o knee injury whose other leg is uninjured). But in
a patient with injury to both knees, the normal ronge of the parameter has to
be used, and it is so wide that doubt may arise os to whether or not the
valves measured in the potient are pathelogical.

It will be seen that the actions used in group Il are presumahly not
particularly well-suited, as in this group the #7%% confidence limits feor
the normal range are higher than in group I (higher thon caused by the higher
tla conditioned by the smaller number of persens). In group I 2.0 mm proves
to be the upper 97%% confidence limit for normal knees at a 9 kg force of oc-
tion in odduction as well as abduction, while 3.1 mm is seen to opply in this
ond all cases of anteroposterier displacement during the action of 20 kg, cal-
culated as the numericol difference between two sound legs (ircluding the in-
occurocy of the measurement). For use in comparing with other materials (c-a]
is stated for the 34 normal subjects (group Cu, group 1) - 68 measurements:

range 1.1 mm to 4.1 nm.

Table 10

Standard values for the parameter differences !PH - PL;' characterized by the mean, x,
standard deviation, 5D, and the 97 1/2% upper critical level x + t, x SD. Unit mm.
Group: |l actions: adduction 13 kg, abduction 18 kg, traction 13 kg, pressure 18 kg.

parameter x SD x+212x 5D
feg - ¢/ 079 050 1.85
de —dLI' 112 o7 262
le-gR_ 1/ 1.56 148 450
(f-hhp_ 081 0.76 242
fi-el/R L/ 101 0.1 272

RISy 0.97 073 2,51
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Control Group Cb

This group was added, partly because an investigation of normals during anather
force of action seemed required, So did on investigotion of the role of
rotation in the ankle and kree joints during the troction and pressure mon-
oeuvre. Lastly, it was attempted to soclve the problem concerning measure-
ment of rotatory instability in the knee joint. The 50 persons of this group
were exomined from July to December 1977 ond received letter-number combina-
tions: Women Cb51 - Cb75 and men Cb76 - CbIOO. In all ab- aond odduction
tests (all in the 140° position) the force used wos % kg to each foot fixing
gear ond ot all traction (onterior displacement of the tibia) ond pressure
monoeyvres (pasterior displucement of the tibia} 30 kg on the proximal end
of the tibia., All 50 subjects had the named measurements, using the stated
tractions and pressures from "neutral position $0°", i.e. with foot rota-
tion 0, ond also during troction and pressure ot an externol foot rotation
of 15°, The shoes on the floor of the gonyloxometer can be fixed in any
rotatory position of the foot. 4% subjects hod the abduction and adduction
test ot the some time, Thirteen, 7 femoles ond é males (Cb5l - Cb55 incl.,
Cb63, Cb64, Cb?é - CbBO incl., ond CbB?) had the pressure ond traction test
at the same time with $0° flexion in the knee and external rotation of 30°
of the foot. Anather 10 (Cb56 - Cb60 incl. and Cbﬁl - CbBS incl,) were also
examined with the foot fixed in 30° internal rotation. The positions of the
foot and the degree scole eon the floor are shown in the illustrations (Figs.
7, 17 - 22). The age distribution and sex ratioc gre given in Table 11, All
mathematical ond statistical analyses of contrel group Cb were performed

in the Computing Centre for the County of Copenhogen

Table 11

Age distribution and sex ratio in series Cb' N = G0 persons. Ratio females/males: 1/1.

Minimum age: 20 Maximum sge: 50 Mean age: 31

Fractiles: 5% 10% 25% Median 75 % a0 % 95 %
22vyears 23vyears 26vyears 3JI0vyears 3dvyesrs 40vyears 44 years

females males
20 — 30 years 13 16
31 — 40 years 8 7
41 — 50 years 3 2

+) Adviser: Leif Mortensen, M.Sc. (Eng.). Location: The Copenhagen County
Hospital, Herlev,
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This section, then, is in two parts: One part deals with "upper criti-
cal levels" for the parameters concermed and the upper limits for the diff-
erence between the uninjured, sound legs of the some person with the foot in
neutral position during an action of 30 kg pressure and troction. The other
part deols with rototion of the tibia, partly during 30 kg oction in neutrd
position and in various positions of rotation of the foot, portly without on-

teroposterior action forces.

Parameter Values in Nermal Persons (CL)

In group Cb it was investigated whether the porcmeterswere influenced at all
by sex, height, weight, and leg length. Moreover, the mutual relationship
between sex and height, sex ond leg length, and sex and weight was investi-
gated, Such a relationship might easily be the octuol couse of a sex de-
pendence of the paromefers - the parometers being simply dependent upon the
dimensions of the knee joint.

As in the former half of the control material (group Ca) there proved
to be a statisticelly significont difference in parameter ¢ batween the iwo
sexes, but none in parameter d. Moreover, e ond f are significantly greater
in men thon in women - ond indeed these two parameters represent condylar
dimensions, not ligoment stability (Table 12). Judging by these findings,
therefore, the significantly shorter distance c in women represents a gener-
ally smoller dimension in the women. The lacking difference in d must attroc
more attention, as it indicotes greater laxity of the lateral than of the medt
al ligoment, independently of bone dimensions, in the position in which the
leg was examined, A similar result of g Spearmon rank test for the same pare
meter, when both sexes are tested together for leg length {meon distonce
from the trochanter to the malleolus) offords the some impression, viz. thot
the sex dependence is due to the generally larger dimensions in men, Table
13 demonstrotes a definitely significaont parometer dependence upon leg lengﬁ}
{still with the exception of parameter d)} - and this corresponds to g dimen-
sion dependence. In particular, the paramters which are so significontly de
pendent upon leg length (e and f) ogoin represent the dimensions of the knee.

The Speorman ronk test on the same porameters against height (in the l
entire Cb) gives the same result (no dependence of d and dependence of all
other parameters). In Table 14 x and SD are not repeated, as they do not

alter for these parameters,
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Test of sex dependence of parameters ¢, d, e, and f. Mann -Whitney test.
Mean, x, and standard deviation, SD, in mm.

_ significance significant
parameter sex x s0 level difference +/—
cR males a8 P = 0.0000 + (highly)
U fmles 820 oge P00+ (ighiy
da fomales 1238 14 PO -

o fmaies  iza1  1s1  PTOMIO -

®R. neutral ;2?-::65 ggii g?g P = 0.0000 + (highly)
CLneutral  femmes 3491 278 P00+ (highy)
enewtral  fomales 4572 202 PT00000 o+ (highly
fL-neutral fomates 512 185 P =0.0000 + thighly)
Table 13

Spearman rank test for dependence of leg length of parameters d, ¢ (N = 48},
and e and f (N = 50).

Leg length: Mean 83.27 cm

Range: 75—97 cm

significant
_ significance dependence +/—

parameter (both sexes) X SD level level p < 0.05
cR 8.98 4.92 p = 0.0072 +
L 9.05 1.31 p = 0.0648 — (+ at 6% level)
dg 12.39 1.65 p=0.2916 -
d_ 12.29 1.86 p=0.1822 —
eR-neutral 37.68 4.51 p = 0.0000 + thighly)
€| _neutral 38.05 443 p = 0.0000 + (highly}
fR-neutral 49.09 4.27 p = 0.0000 + {highly}
f| - neutral 48.06 386 p= 0._&']00 + (highty}
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Table 14

Relationship between height (in cm} and parameters c, d, e and f. Spearman rank test.
Height: Mean 173.80 cm, Range 158 — 196 cm.

parameter (both sexes) significance level significant dependence +/-
cR p = 0.0004 + (highly)

cL - p = 0.0088 +

dg p = 0.1381 _

d_ p = 0.0581 -

R - neutral p = 0.0000 + (highly)

L -neutral p = 0.0000 + {highty)

TR -neutral p = 0.0000 + (highly)
fL-neutral p = 0.0000 + {highly)

Table 15

Relationship between body weight (kg) and parameters c, d, e, and f. Spearman rank test,
Body weight: Mean 65.98 kg. Range 46 — 89 kg

parameter {both sexes} significance level significant dependence +/—
CR p = 0.0000 + (highly}

CL p = 00017 +

dg p = 0.0377 + {low)

d_ p = 0.0165 + (low)

€R-neutral p = 0.0000 + (highly}

L -neutral p = 0.0360 + (highly)

fR-neutral p = 0.0000 + (highly)

fL-neutral p = 0.0000 + (highly)
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Table 15 presents the relationship to body weight. In this, unlike the
other analyses, also porameter d was found to increase in step with the body
welght,

Age (Toble 14) shows no relationship to the parometers tested. Indeed,
this could not be expected, as the oge range was foirly narrow (the great
majority being from 20 to 40 years), ncne in childhood or puberty, ond none
in the senium in which deviant values might be expected. Table 14 olsoc pre-
sents the variation of the parameters in the form of the mean, x, and range
in order to give on impression of the greot width of the normal range.

Now, it is of interest to ascertain that the Wilcoxon-Mann-Whitney
test shows no significont difference in age distribution between the two
groups (p = 0.8383). The 25 men had a mean oge of 30.80, range 21 -~ 50, and
the 25 women o mean age of 31.12 years, range 20 - 44. In other words, a
very equal aoge distribution.

On the other hand, there is a highly significant difference in leg
length, height and weight between the mole and *the female groups, these
parameters being significantly greater in the males (Table 17). According-
ly the sex dependence of parameters c, e, ond f, found already, must be ossumed

to be a motter of dimensions.

Table 16

Spearman Rank test for relationship to age for parameters c, d, e, and f.

parameter

{both sexes) Mean Rangz significance level  significant dependence +/—
R 893 5.70-12.80 p = 0.9968 —

€L 0.05 6.50-12.80 p =0.7061 -

dg 12.32 9.60-18.40 p=09734 —

dp 1229 9.50-19.40 p = 0.5467 -

€R.neutral 37.68 29.50-43.30 p=07276 —

EL.neutral 38.05 28.60-49.20 p=0.8188 —

fR.neutral 49.09 41.10-53.60 p = 0.6248 —

fL-neutral 48.06 40.90-55.70 p =0.2623 -
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Table 17

Relationship between sex and leg length, height, and weight in group Cp,. Mann -Whitney test.

Leg length in cm Height in cm Weight in kg
Sex males females males females males females
Mean 86.40 80.08 180.04 167.56 7432 57.64
Range 79-97 75-87 167-196 158-175 59-89 46-66
5D 4.02 340 6.11 4,35 7.99 6.11
p = probability p = 0.000Q o = 0.0000 p = 0.0000
significant + (highly) + {highly} + {(highly)

difference +/—

Testing the secondory (or colculated) paremeters, e-g, f-h, ete,, for
significant sex differences showed a few convincingly significant differ-
ences, but as a rule no significont difference at the 5% level (Table 18)
or a difference which was barely significant at this level, The reason may
be the small displacements in sound knees, However, the differences were
in all caoses too small to justify separote tabulation of femoles and males.
The same applied when testing against leg length (Table 18), It was esti-
mater, therefere, that in the case of these parameters there was no reason
to divide the moterial into o maole ond o femole group or use any other form
of stratificotion, All the tested persons (N = 50) can be used together

for each side ond for each parometer.

"Standard values", now, can be definmed around the mean value, x, of

the desired parameters, e.g. with an upper 97%% confidence limit x + 2 SD
(Table 19). For parameter ¢, x ond SD should be given seporately for each
sex, as was doene in Table 12. [rom Toble 19 it is apporent also how clese
are the left and right parameters, Therefore, it is sufficient to use
the higher valus when seeking the upper normal limit, i.e, the criticol
level, as is done in Table 19,

If parometer ¢ is not divided by sex, but the right knee is analysed

in relation to the left one (50 in each group), the agreement is so close
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Dependence of secondary parameters on sex and leg length (trochanter - malleolus distance).

significant significant
parameter difterence Mann-Whitney dependence Spearman test
(fomneutrall fermales/males p vatues on leg p values

+/— length +/—
[e-g) R + p=0.0M2 + p = 0.0104
{f-h) R + p = 0.0488 - p = 0.2020
g lt-hig + p - 0.0042 4 p = 0.0263
fe-gb L + p - 0.0174 + p = 0.0517
{f-h} L - p - 0.3768 - p = 0.3987
L{,“'h) L - p = Q.0727 - p = 0.0862
(i-e) R + p = 0.0488 - p = 0.4558
(i-f1 R - p = 0.3220 - p = 0.3784
Geslifyg - p = 0.4096 - p = D.8731
i-e) L + p = 0.0055 + p=0.041
(j-f) L - p = D.B460 - p=07234
Lo iof - p - 0.1623 - p = 0.4852
Table 19

Mean, SD and upper critical levels {37 1/2 %]} for the parameters of anterior and
posterior displacement. Traction and pressure forces: 30 kg. Neutral pasition 90°

{rotation of foot 0). Both sexes, (N = 50).

Displacement paraméter X sD x SD x+25D
ant. displacement fe-gt R 5.26 1.85

lat. condyle fe-gh L 530 189 >3 18 81
ant. displacement {f-h} R 289 1.76

med. condyle f-h L 200 186 29 18 64
ant. displacement {e-g) + (f-h) R 4.07 1.66 4 1.7 74
mean of bath ] L 4.M 1.64 . . ’
post. displacement {i-e} R 4.21 1.89

lat. condyle fi-e) L 411 168 2 19 8.0
post. displacement ij-i R 1.82 1.26

med. condyle ii-6i L 1.72 124 B 13 4.3
post. displacement {i-e) + 1j-} R 3.02 1.20

mean of both 7 L2st 113 30 12 54
total displacement {i-g) R 8.48 274

lat. condyle ti-g) L 541 268 3B 27 150
total displacement i-ht R 471 247 i

med. condyle -t L 464 242 Y7 23 8.5
total displacement {i-gl + {j-h} R 7.09 2.29

mean of both —7 L702 227 23 a2
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that the upper limit at the $74% level, viz., the critical level, in the
form of x + 2 SD, is 11.7 for both.

As to parameter d, the some level is 15.7 mm for the right ond 14.0 mm
for the left knee., Parameter e—-g shows a critical level of 9.0 mm for the
right ond ?.1 mm for the left knee.

For ({e—g) + {f-h))% the 97%% critical level is 7.3% mm for both knees.

In other words, there is no systemotic difference between the right ond

left knee.

These "critical levels" are a bit higher when the pressure and traction
force is 30 kp than 20 kp (compare Toble 19 with Table 2 in (3))., The SD
proved a little lower for anterier displocement (tenths of a mm) ond o little

higher for posterior and total displacement.

The use of side difference, meaning /PR - PL/, i.e, the numerical
difference between the two knees for the parameter comcerned, P, is prefer-
able as stated in the section on control group Ca’ since this mokes the nor-
mal range much narrower and easier to hondle in relation to the patholegicol
findings, The characteristics of the parometer variation {x ond 50) ond

uvpper 97%% critical levels for this normal material are given in Table 20.

Table 20

Mean, SD and upper 97 1/2% critical levels for parameters c and d and the parameters for
anteroposterior displacement, /R — L/, Traction and pressure force 30 kg. Neutral pos. N = 50.

Displacement parameter X sSD x+ 28D
Valgus gap [+4 049~ 05 042~ 04 133~ 13
Varus gap d 083~ 05 037~ 04 127~13

- ’
i

Anterior displacement

lateral condyle e-g Sz~ 085~ 09 2.82~ 28
medial condyle f-h ~.82~ 08 073~ 0.7 228~ 23
mean e-gt, 0 085~ 09 058~ 0.6 201~ 20
Posterior displacemnent

lateral condyle i-e 110~ t1 0.75~ 08 260~ 26
medial condyle j-f 081~ 08 063~ 0.6 207~ 21
mean "_'i;iﬂ 072~ 0.7 048~ 05 168~ 1.7
Total anteropost.

displacement

lateral condyle i-g 148~ 1.5 1.01~10 360~ 35
medial condyle i-h 124~ 1.2 0.94~.09 312~ 31

{i-gt + (j-hi - - -
mean ey 116~ 1.2 084~ 08 284~ 28
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The stondard deviations do not differ from those shown for troction ond
pressure forces of 20 kg shown in Toble 2 of paper (3). Nor do the upper
limits exceed those found in (3) and (4) or in (5) and (7), in the latter two
called critical levels. However, the total anteroposterior displacement of
the lateral tibial condyle - and only this parometer - proved to exceed o
critical level of 3 mm (after rounding), being 3.5 mm. It will be seen, as
already mentioned, that the lateral tibial condyle becomes more displaced,
both anteriorly and posteriorly. This is apporent in particular from the
mean values, x, in Table 19. At onterior or posterior displacement alone

the critical level of 3 mm is not exceeded (Table 20},

Summary: The critical levels of 2.0 mm for mediol oand lateral instability
and of 3.0 mm for anterior or posteriocr drawer sign for both pairs of con-
dyles, or the meon thereof {viz, the difference between two scund knees in
the same person including the measuring error) which have been used already,
proved to remain unchanged frem a 20 kg traction ond pressure to a 30 kg
traction and pressure. This maonner of colculotion renders the values inde-
pendent of sex, body height, leg length, and body weight which de affect

the upper 97%% criticol levels for the parameter excursions of each leg se-
parately. This is coused by a greater knee dimension, resulting in a higher
uvpper critical level. The difference between the two sexes is due to a

dif ference in knee dimension.

Rotation and Rotatory Instability

That rotatery movement is not only possible, but that it does occur during
stress rodiography, even with the foot in the neutrol position, was dis-
cussed already above in connection with Fig. 12. This figure cleorly
showed that rotation in the intoct joint takes ploce with greater movement
in the lateral than in the medial joint chomber,

Rototory imstobility, therefore, must be defined os rotation exceed-
ing the normal rotetion im a given position of the knee ond foot during
a given oction,

Consequently, normal limits hove to be fixed olso for the rotatory
movement with o 90° flexed knee joint during troction ond pressure - ond
a wish for an examimation with the foot fixed in different degrees of
rotation was inspired particularly by Slocum ond Larson's study from
1948.
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Slocum and Larson described their clinical test position with 90°
flexed knee and "with the feot and leg in 15 degrees externol rotation”.
However, the foot and tibio do not rotate equally. Therefore, o parallel,
less extensive study was made of some of the subjects in order to elucidate
the relotionship between the rotation of the foot and the simultaneous rota-
tion of the proximal end of the tibia, presupposing that the thigh is
fixed and the knee in 90° flexion. This was done by an external examination,
not radiographically.

Thereafter, gonyloxometric measurements were mode on the 50 normal
subjects Cb51 - CbIOO, bath with the foot in neutral position and with the
foot 15° externglly rotated (ond fastened in thot position) in oll 50 sub-
jects. Thirteen of them also had measurements in 30° external rototion ond

another ten in 30° internal rotation of the foot.

Study of the Relationship of Foot Rotation to Rotation of the Tibial Condyles
(Proximal End of the Tibia) ot External Examination
The investigations were performed on a small series of subjects (C°29 and
Cb5l, 52, 53, 54, 55, 56, 57, &2, 77, 78, 87 - 4 males and 8 females).

The precedure is simple, and the investigotions were performed in

conrection with the stress rodiogrophic measurements of the subjects con-
cerned. The set-up is shown in a series of photos:

Fig. 7 shows the subject in the gonyloxometer chair, with the piston
shaft intended for traction and pressure actions fostened around the proxi-
mal part of the lower leg, at the site of the proximol end of the tibia.

Foot position newtral. In Fig. 17 the pisten shaft hos been exchonged with

o plaster bandage furnished with o pointer. This bandaoge envelops the tibial
tuberosity and half the circumfzarence of the lower leg at that level. It is
kept tout against the tibiol tuberosity by a strong rubber band, As previous-
ly, the thigh is fixed with an inflated rubber cuff. The pointer from the
tibial tuberosity ends cbove the shoe in a smoll black indicator, The foot
rest ends in a pointed tip. Both pointers are placed at 0, i.e. neutrol
starting position (Fig., 18}. Then, the foot is graduolly rotated outwords
Figs. 19 - 21) ond inwards {Fig. 22), and readings are made on the common
grading scale on the floor, The tibial pointer is read with the shoe in 157,
30°
pointer fixed on the tibic gives excursions which are only obout one-third

, and 45° external and intermal rotation. It is apparent that the

of those of the foot, The means and ranges of the measurements on all 12
subjects are listed in Table 21, The moximum rotation of the foot ond knee

were not systematicolly investigated.



- 135 -

Figure 17:External rotation measurement; unit: degrees. The same set-up as in

ig. 7. The piston shaft has been exchanged with a plaster brace
around the tibiol tuberosity ond anterior semi-circumference of the tibial head,
The plaster broce is fastened by a rubber band around the hollow of the knee.
The metal peinter from the ploster brace down to the level of the toe of the
shoe is visible.

Figure 18: The position of the tibicl metal pointer above the graoding scale
of the floor and just dgbove the shoe, Both the pointer and the tip



. o X .
Figure 19: Left foot in 15° externul rotation. The pointer mounted against
the tibial tuberosity is only 4% externally rotated.

Figure 20: Left foot in 30° external rotation, the tibial tuberosity in 12°
external rotation.
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Figure 21: Left foot im 45% external rotation, the tibial tuberosity, ond
thereby also the tibial condyles, in only 17° external rotation,

Figure 22: Left foot in 45" internal rotation, the tibiol tuberosity in 12°
flgure fc¢ .

interncl rotation.



- 138 -

This method of mecsurement of course invelves the sources of error
which have been discussed already (3), primarily soft-tissue shifts in the
skin and subcutis which may mdke the tuberosity move undermeath the skin, and
thus underneath the plaster cuff, so that the pointer shows less rotation
of the tibigl tuberosity thon the true cne. However, this series was in-
cluded to show that dbout half or more than half of the rotation in "the
foot and leg" occurs in the ankle joint in this set-up. Thus, without
purporting to be exact, the meosurements do indicate that the clinicol in-
vestigotion advecated by Slecum ond Larson can hardly be particularly well-
defined in its starting position and hardly causes much rotation of the tibia.
This renders the choice of foot rotation in stress rodiogrophic stondord
exposures of the knee joint difficult. Slocum and Larson seem to have used
15° rotation of the foot. Therefore, this was selected as the standard po-
sition for exposures with rotated foot, ond all the subjects(Cb5l - 100)
were thus exomined, while smaller groups, as alrecdy mentioned, were exam-
ined also with the foot in 30° external or internal rototion. Examination
with the foot in 15° rotation causes the subject proctically no discomfort,

while greater rotation may do so.

Rotation in the Knee on Rotation of the Foot Without Simultanecus

Stress Action - Assessed Radiologically

To find on expression of rotation in the knee during rotation of the foot
from the neutral position (i.e, rotatory position 00),0 varying number of
degrees outward or inward, let us consider what hoppens to the original
parometers e and f on the lateral view, Having no interest at the moment
in rotation during troction or pressure, we can disregard the other para-
meters on the lateral view., Fiy. 13 shows the same knee joint in "neutral
position 90°", in a position in which the foot is 15° externolly rotated,
and in q position in which the foot is 30° internally rotated. The rota-
tion con be directly seen from the locotion of the head of the fibula in
relation to the tibial condyles, the former moving backward on external
and forward on internol rotatiom in relotion to the tibial condyles. This
con also be meosuvred ond seen from the plotted parometers.

In external rotation, in which the heod of the fibula - and simultan-
eously the pesterior margin of the lateral tibial condyle, viz, the londmork
for the most posterior end of distance e - moves backward in relation
to the femorol condyles, distance e will be increosed. In other words,

®neutral < 15%xternal @ ®neutral < ©30%xterngl’ Thus, caleculotion of
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®neutral = ®15%external °7 ®neutral T ©30%xternal gives a negative ex-

pression (Table 22}, The medial tibial condyle, on the other hand, moves
forward in relation to the irmovable femoral condyles in such an externol
rotation, and consequently distance f is decreased, f

and f - f.n0
neutral 30 external
rotation is desired, the sum of the two opposite movements should be included,

neutral ~ flSoexternul
will become positive. If on expression for

so that both contribute to increasing the numerical value of the expression.

Therefore, a numerical calculation could be performed, as in the last column

of Table 22, However, it is possible also to set up a formula which acquires
the same numerical value, bul maintains the sign (last but one column in

the toble). When defining k; = ®evtral - ©15%x¢, ond L = fevtral =

F15°ext. and in the same way kz and 12 at a 30°% external rotation of the

foot and k3 and l3 at a 30° internal rotation of the foot, k = 1 may be

used in general as on expression of rotation (without traction or pressure).
From Table 22 it will ke seen how, in thot case, the expression is

always negative on external rotation (but ocquires rumerically a maximum

volue) ond positive on internal rotation, Thus, the sign moy be used for

distinguishing between internal and external rotation. Numerically the
value will become the larger, the greater the rotaotion.

In Toble 22 the mean, x, of measurements on o major number of persons
is used for caleulating k - 1, but when considering for instonce the ronge
values it will be seen that the signs are always as just stated.

In Table 23 the upper critical level of this rotatoery movement is
caleulated from x of {k -~ 1) and 2 D of (k - 1), It will be seen thot
this mckes the values very high when compored e.g. with the total anterior
or posterier movement of the tibial condylar massive - but these latter
quontities represent the mean, while the rototery movement is represented
by a sum. Let it be mentioned that the 99% fractiles in the small materials
for 30° external rotation (N = 13) and 30° internal rotation (N = 10) are

within the limits stoted in Table 23,

Trigonometric Calculation of Approximate Rotation in the Knee Joint ot

Rotation in the Foot Without Troctien or Pressure

To relate the rotation found rodiclogically, expressed as e -
reutral

and f - f to the external measurements of
neutral

®rotated rototed {mm) ,
degrees, a trigonometric, opproximated conversion of these distonces to
degrees of rotation con be performed. An exact conversion is not possible,

because the centre of rotation is not known, and the accurate distaonce be-
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tween the two posterior londmorks on the tibia is also ynknown, However,
it is on odvantoge to use on opproximoted value of the distance between the
named londmarks rather than an opproximated valuve of a rodius, as the former
is independent of the situation of the centre - ond thus dees not alter if
the location of the rototion centre chonges, as e.g. in ligoment teors,

In such injuries the location of the centre alters to an entirely unknown
site.

On Fig. 23 the tibia is seen from dbove, schematically, viewed as a
rectangular figure (e.g. the left tibic from above). The posterior corners
of the figure are used for "londmarks" whem it is rototed, If the hatched
position is considered the starting position, or neutral position, and the
non~hatched one the position after external rotation, the ongle v is equal
to the rotation angle. This is o consequence of the elementary gecmetri-
cal sentences: 1. on angle at the centre is measured by the arc over which
it extends ond 2. on inner angle is measured by half the sum of its own
and its verticol ongle's arc {both arcs are equally large in ocur example).
The rototion is equal to the angle of the cenmtre. The sirus to angle v,
sin v, is equal to the opposite cathetus divided by the hypotenuse in o
right-angled triongle, viz,
sin v = % = Eq x and y are not known, but x + y (the short side of the
rectangle) are known (with opproximation, vide infra). This opproximate

meosure is called RT (reduced tramsverse measure)

a_b . _b
of X%y gives y = = x and of
- _ (8 by, _ ;atb _RT.o
RT = x + Yy = (E}K+ (E}X = (—0— X X = W
siny = 9 = alath) _ abb
x a “RT

When imoagining parallel X-rays directed from the top of the figure
towards its bottom at right angles te the neutral position of the rectongu-
lar object (hatched), a measurement on the X-ray film at right angles to
the beam will give the result shown ot the bottom of the figure. In this
case line segments e and f are equolly long, moking up the long sides of
the rectangle. Measurements ore made before and after the rototion from
the static line sl, which corresponds to the normal measurement on the
basis of the static femoral condyles - which ore used as the "immovdble"

reference points on the X-rov films in stress rodiography.
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Figure 23: Schematic drawing of the left tibio viewed from dbove during rot-

ation, The tibicl condyles are taken to be o rectongular bedy.
Anterior aspect on the right, ot the arrow, Loteral aspect upwards, toword
the beam. Medial side toward the film. The posterior side of the rectongle
= x + y. In the neutrol position the rectongle is hatched. The common, stotic
reference line, sl, whence the measurement is mode on the X-ray film, and
which corresponds to the anterior margins of the femoral condyles, is ploced
for clarity - at the onterior side of the rectangle. The long sides of the
rectangle, then, will be e laterally ond f, medially, corresponding to the
parometers of the same designation in stress rodiegraphy. It is apparent thot
in rotation e, increases by o, while f, decreases by b. a = /ey - e/, b =
fn - fz, then, are the chonges measured on the X-ray film ond thus khown
quontities.
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In external rotation = will be larger than before, e, =€ +a,0=
e -e = /en - er/, and f will be smaller, fn = Fr +borb-= fn - fr. Only
numerical valyes are used,

However, this is o highly simplified model - and any departure from
it entails errors im the calculation. For instance, the position in a frontd
plone of the posterior zide of the rectongle at the begimning of the exposure
is o presupposition for the appearance of right-angled triangles - and if
the formula is used nevertheless a deviotion will arise. So it will, if the
two points which make up the posterior londmarks, called en Fig. 24 LL (laot-
eral londmark) ond ML (medial landmark), rotate on seporote circle arcs.
And it is prcbable that a circle having the rotation centre of the tibia
as centre con include only orme of the two points. Thus, the points usually
rotate on two concentric circles, The error of the calculation increases
when the rototion angle, v, increases. The rotating chord {x + y), moreaver,
can for several reasons only be caleculated with wide gpproximation, partly
because LL ond M. ore not fixed points, but contours which ne doubt change
somewhat in the course of the rotation during the X-ray exposure. In other
words, the measurement is mode only with opproximation from point to point.
Secondly, the distance hos to be measured on the antercposterior exposure,
and this mdkes it a cathetus { x + y) insteod of o hypotenuse (ML - LL) in
a right-angled triongle (illustrated in Fig. 24}, ond thus somewhat shorter
than ideally, ML-LL. Thirdly, the distance camnot be measured directly in
each individuel subject, but hos to be calculoted on the basis of the largest
transverse measure of the proximal end of the tibia, T, on the antercpos-
terior exposure. On a preparation the points ML and LL were marked by
needles, and the ratio between the distonce ML - LL on the a-p view ond the
lorgest tronsverse measure of the head of the tibia on the film proved
to be 48.0/92.2. This rotio will be used for colculoting the following
"reduced" transverse measures, RT: x + y =RT =T - (;%f%).

Thus, the calculation carries such inaccuracy that it con only be used

as an estimate, It wos performed only for o few subjects in whom on "ex-

ternal" measurement of degrees was ovoilable for comporison. Table 24
illustrotes the inaccuracy of the calculation. In broad outline, however,
there is ogreement between the two measurements (mean difference 20).
Since, os alreody mentioned, the colculation of degrees, by means of
the sinus of ongle v carries a number of inoccuracies opart from that
which is inherent in the primary mecsurement, it will be left out of

account in the following.
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Figure 24: Contours of the 90° flexed knee joint viewed from cbove. Fibula
hatched, The contour of the femur may be followed forword from
the shaft, LL: lotercl landmark om the tibia te which e is measured from the
anterior margin of the lateral femoral condyle, as shown, ML: mediol landmark
on the tibia {posterior edge of mediol tibicl cendyle}., The measurement of
f on the X-ray film is also shown. If, insteod of o loterql rodiation source,
an onterior one is used, (x + y) may be measured (on a preparation) and ysed
as the approximated value for the line segment—ML - LL, A corresponding rect-
angular area on a level with these points is hatched on the tibial condyle,
where it takes part in the rototion and can be compored with the idealized

Figure 23,
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Summary: It hos been demonstrated dbove, both by "external measurement"

in degrees, by means of a pointer fixed ogaoinst the tibiol tuberosity, ond
by on approximoted trigenometric calculation, that the foot rototes cen-
siderably more thon does the knee, when it is ottempted to induce rotation
by means of o shoe which con be kept fixed in o desired position of rotatien,
The thigh is still fostened., Both the methods, although ogreeing in breod
outline, must be considered to carry such marked sources of error that the
author prefers using the lineorly meosured parameters in mm, olso to ex-
press rotation, The formula k - 1, where k =
1=¥¢

®neutral less € rotated and

neutral less Frotcted is well-suited for this purpose.

Normal Parameter Valves at 15° and 30° Externally Rotated ond 30°Internolly
Rotated Foot

Table 25 gives the mean values, x, the standard deviation, SO, ond the upper
?7%% levels for the parometers of onteroposterior displocement, the foot
fixed in 15° external rotation. Comparison with Toble 19, in which the

foot was fastened in the neutral position, shows that now the loteral tibial

condyle is more forward displaced on troction, but less backward displaced

on pressure - corresponding to that port of the rototion which has token
place already while the foot was being rotated without traction or pressure
on the tibia. In other words: During the initial rotation from the
neutral position to 15° external rotation of the foot, the lateral tibicl
condyle has already moved somewhat backward. Therefore, upon an action
from this’new initial position it can be pulled farther forword - ond will
be less backward displaced than under "neutral® conditions. The mobility
of the medial tibial condyle has changed very little (the rotction centre
being apporently closer to the medial structures).

Tables 24 and 27 present the choracteristics of the some parometers
with the foot fastened in 30° of external rotation and in 30° of internal
rotation. In occordonce with the previous section, anterior displacement
on traction of the lateral condvle is significontly greater when the foot
is in externol than when it is In internal rotation (p = 0,004 for the
right-sided volues in MonnWhitney's ronk sum test ond p = 0.003 for the
left-sided values). The explanation is the some as in the previous section,

On pressure there is, during interncl rototion, greoter mobility of
the lateral tibial condyle than during externcl rotation {p = 0.002 on the
left ad p = 0.08 on the right). Mereover, there is-significuntly less
backward displacement of the medial tibial condyle at internal rotation
of the foot as the initiol position thon ot external rototion (p = 0.01
for the right as well as left side).
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Total mobility is less in the medial joint chamber (j-h) than in the
lateral one (i-g), regordiess of the pesition in which the foot is fastened,

In Table 28 it is investigated whether the rotation of the foot has
any influence upon the critical levels in the form of 97%% upper critical
levels, Realizing that such levels are probably somewhat dubious in dealing
with small materiols {13 ond 10 exominotions), the author hags listed alsc
the highest values measured in these series. The numerical difference be-
tween the two knees of healthy persons is used. At a 15° rotation of the
foot the upper limits are unchanged from the examinction with the foot in
a neutral pesition, but ot o more extreme position of rototion in the feot
the possibilities of differences in mobility appear to increose - in parti-
cular for the lateral tibial condyle. MNevertheless, in rotatory examina-
tions too it appears to be an odvantoge to use the narrower limits to the
difference between the parometers of o subject's two knees rather thon the
limits to the parcometers themselves which ore quite wide (Tables 25, 2§,
and 27),

Just as (k-1) = ®revtral ~ erototed) - (fneutrol - Frototed) was used
to express rotation withowt onteroposterior stress action upon the joint,
the expression (e-g) - (f~h) may be used for rotation during troction ond
the expression {i-e) - {j-f) for possible rotation during pressure.

Toble 2% sets out the findings during traction with a force of 30
kg in which anterior displocement of the tibia is attempted. Mormally,
this will induce slight anterior displocement of both condyles and internal
rotation, This is illustrated grophically in Fig. 25, the situation on the
right. But what is shown on the left may happen too: merely on internal
roetation., This ceccurs when the lateral condyle becomes forward displaced
while the medial condyle is forced backward. From the figure it may be
seen that (f-h) on the left becomes negative, (e-g) positive, ond (e—g) -
{f-h) positive in the form of the total of the two small, thick line seg-
ments, On the right another situotion, in which (e-g) - (f-h) becomes
positive, is shown as the difference between two line segments. The
resulting line segment (measured on the X-ray film) is shown thicker than
the rest. Both these situations eccur in the normal moterial on traction.
The one on the left may alsc represent internal rotation which occurs
merely on rotation of the foot. In that case e is merely exchanged by
€. f by Fn, g by e, and h by fr, where n signifies nevtrol and r rototed
position. The expression, then, is ((er.| - er) - (Fn - Fr)) = (k-1). The
expression ((e-g) - (f-h)) may even become negative, with a numericolly low
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Figure 25: Grophic illustration of the rotation in the right tibial
condyle, viewed from above, In the situation on the right
the tibia moves g little forward on traction as compared with the stotic
reference line sl (cf. Fig. 23). For the soke of clarity the landmarks
whence the parameters ore meosured on this diagram haove been moved to the
periphery of the circles (corresponding to the points of intersection
with the diometer). The medial parameters are f ond h, the lateral cnes
e and g. In both cases rotation occurs. The line segment which re-
presents rotation is thick in both situations. The X-ray (RTG) film on

which «ll measurements are made is indicoted. CFf. also the text.

value in o few cases, as is apparent from the first column of figures in
Table 29. In thot event, the explonotion is o very slight external roto-
tion upon troction.

As regords the mean values, x, it will be seen, firstly, in each
column that troction causes increasing internol rotatiom the more the

foot has been externally rototed in the initial position, while rotation



- 147 -

has almost ceased when a 30° internally rotated foot is used as the initial
position. It is apparent clsc that the expression {(e-g) = (f-h)), like the
expression {(k-1) is positive during internal rotagtion. It is negative
during externcl rotation. The latter is seen in opproximately the same
number of cases as internal rotation at an initiol pesition with 30° extern-
ally rotated foot,

The bottom of eoch column in Teble 2% gives the numericol difference

between the two knees of normal persons; for this expression the upper 97%%

critical level does not exceed 3,0 mm,
Fig. 26 demonstrates that the expression ({i-e) - (j-f)}, which eccurs
on pressure upon the anterior part of the proximal end of the tibia, be-

comes positive on external rotation and negative on internal rotation. This

is ynlike the previous expressions., Table 30 lists the results of the
coleculation of this expression during a 30 kp pressure vpon the tibia when
the foot is in neutrol position, 15° externally rotated, 30° externally rot-
ated, ond 30° internally rotated. As all mean values are positive, it is
evident that in procticolly cll cases the rotation is external. This is
most obvious when the initiol position of the experiment is with the foot
in 30° internal rotation. Since in that case the laoteral aspect of the
tibia is forword-inward rotaoted alreody in the initial position, external
rotation would also be expected on pressure, As may be seen from x in
the columns of Table 30, extermol rotation is still apprecicble at neutral
position of the foot, but becomes lesser when the foot is fixed, before
the experiment, in 15° or 30° external rotation. From the lowest "range"
values, however, it will be seen that in all initiol positions there
cccurred coses of internal rotation (negative vaolues for the expression).
In coses with 30° external rototion of the foot, interrol rotation often
occurred, The numerical difference between the persons' two legs are
shown in the bottom cclums of Table 30. No upper limit or maximum valuve
exceeded 3.4 mm, ,,/’/E

It has been found that {en - gls] - (fn - h15) may be useful as an
expression of rotation at traction. Thereby, the movement of the laterol
tibial condyle from the neutrol position without ony force actien, e, to
the final position in which the foot is 15 externally rotated, ond during
30 kg traction, 915, is examined together with the corresponding rotatory
movement for the medial pair of condyles (Fn __hls)' The values for the
expression for the right and left leg and the numerical difference are
given in Table 31. This table also presents on expression for rotation
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Figure 24: Pressure on the proximal end of the right tibia {viewed from
cbove} which is pressed backword. The mediol parameter changes
from being f in the neutral position without pressure to being j, the lat-
eral one from e to i. When external rotation occurs as well {on the right
in the figure}, the expression ((i-e} - (j-f)), represented by the thick
line segment, becomes positive, on interngl rotation (the sitvation on the

left) it becomes negative,

during pressure from the neutral position without o force action: (i15 -
en) - (le - Fn). The mean values for condylar movements in the two situ-
ations were also calculated (the last two colums of the table).
Corresponding numerical differences between the right ond left knee
are colculated in the folleowing tcbles, for rototion without troction
or pressure acticns, but an action through rotation of the foot only.
Table 33 lists the movements of the lateral aond medial tibial condyle
separately. Only in one case of rotation did the numerical difference ex-
ceed 3.0 mm - and this wos o difference in the displacements of the medial
condyles (f_ - F189ex4, ) during 30% external rotation of the foot {in one
case 3,2 mm}. As to the expression (k-1) the upper limit to the side
difference of 3.0 mm also seems cpplicable (Toble 32), although a few

values are beyond it.
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Summary and Conclusion
In ¢ rumber of tables it has been demonstrated that even in normal knees

the two tibiaol condyles move a great deal, on traction and pressure, in

relation to the respective femoral condyles, Which condyle is most dis-
placed depends upon the initial position in which the foot has been fast-
ened {cbbreviated foot rotation), cf, Tables 19, 25, 24, oand 27. The total
anteroposterior displocement is always less in the medial joint chomber,
regardless of the foot rotation., The anterior displacements may omount
to as much as 10-12 mm for each condyle - up to 17 mm total anteropostericr
displacement, On the other hand, the anterior or posterior displacement,
sxpressed as the difference between a person's two knees, never exceeds

3.0 om in the neutral position, 3.1 mm in 15° externcl foot rotation or
30° internal rotation. At 30° external rotation the limit wos exceeded
{3.8 mm in one case). At the different forms of rototion the upper limit
of 3.0 mm was not exceeded by the expression (k-1} or ({e-g) - (f-h}),

but by the expression ((i-e} - {j-f)) when pressure was exerted upon the
knee, there being a 3.4 mm difference between a healthy person's two knees.
All of this heavy documentction, them, serves the purpose to reduce the
parameter lnvestigation needed in patients with uniloteral traumatic in-
juries to the knee ligoments. It may be concluded that o reasonoble limit
or "critical level" in comparing the same parameter for a person's two
knees in order to distinguish between normal and abnormal conditions must
be 3.0 mm for parameters e, f, g, h, i, and } aond porameters derived from
them, while 2,0 mm is o reascnable "critical level” for c ond d.

In deoling with potients having biloteral kmee injuries, it is still
recessary to use the wide limits of normal movements and thus look up the
tables in this Addendum (Tables 9, 10, 19, 23, 25, 26, 27, 2%, and 30).

In the survey it wos discussed whether a "critical level" in whole,
rounded figures would not be most reasonoble, measuring with one decimal

ond then rounding the finol result,
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Table 21

Rotation of pointer on the tibial tuberosity at given foot rotation. Mean and range in
12 subjects (4 males and 8 females). Knee rotation follows the direction of the foot
rotation.

Foot rotation 15" ext. 30°ext. 45°ext. 15%int. 30°int.  4B%int. T
Right Mean: 5.5° 10,5° 15.3° 4.4 8.8° 13.3 286
knee Range: 5.8 7°-14° 1717°  0°-¢° 5°-10° 10°-15" 24°-30°
Left Mean: 5.3° 8.8 14.9° 4.3 87 12.9° 27.8°
knee Range: 1-7° 7712 12277 o7 #1000 77-158° 20°-30°
T = *total rotation” of the knee = /knee rotation at a foot rotation of 45° int./+/knee

rotatian 45° ext./. Farced ext. and int. rotation af the foot were not attempted, so
there is no question of an actual maximum rotation.

Table 23

Lower critical levels (for external rotation} and upper critical levels {for internal rotation)
of 97 1/2% 10 the total expression of rotation, k— 1.

Right/ Parameter E(k -N SD(k -1y (X« 2 SDhk -y
Left (k—1}

ky =8 —e
Right 17 neutr. ™ ©15 ext. — 3.90 1.50 ~ 690 = - 6.9

11 = fneutr. — fgexe,.  — TTTEEE

ky =e —81g°
1 Cneutr. TR18%ext. 545 1.34 ~ 650 = -B5
1 = frheutr. — f15°ext.

Left

k2 = eneytr, — ¥30P ext

Right : _ 7.83 211 ~12.05= —12.1
2 =theutr. ~f30%xe. T
kg =@ — @nano

Left 2~ "reutr. ~ "30%xt. _ 682 168 — 1018 = - 102
12 = freutf. = f30°ext.

’ ky=¢e —eqp°;
Right 3 “neutr. ~ *307int. 533 1.07 747 = +75

I3 = fheutr. = f30%int.

kg =e — 8P ;i
Left 3 neutr. — "30in. 5.89 1.54 897 = +9.0

3 = fheute. — f20%00. T
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Table 22

Knee rotation on mere foot rotation. Traction and pressure: 0. Measured on the basis of alterations in parameters e and f. Unit mm.

Expression of rotation

No. of Foot rotation _ _ |
subjects N from neutral R/L Parameter Range X sSD Xk—XI " numerical
Right Bneutr. — €15° ext, = K1 -69—~020 -23% 112 Xkj-Xly= 289
knee freutr. —f 16%ext. = 11 +02—+430 + 150 075  — 389 .
50 15° ext, :
Left m:m:.:. _ mdmamuﬂ”. = _AJ -53—-+05 -2 1.05 _ 381 281
" _ : : :
nee freutr. — F15%ext. = 1 - 08— +27  +110. 085
Right €neutr. — 830°%ext. = K2 —75—--21 —478 139 Xky—Xly= 2 83
knee toeutr. — fa0%ext = 12 +12+77 +305 174 -783
13 30° ext. . .
Left €neutr. — €30%ext. = K2 - 74— -22 —-475 138 687 6.82
‘ _c . .
nee freutr. — fagPext, = '2 +04—+45  +207 109
Right eneutr. — ©30°%int. © __nw + 16—+ 4.1 + 286 094 X _A“w - X _w = 5.93
knee freutr. — f3ccint, = '3 -35—»-20 -247 051  +533
10 30° int. — —
Left ®heutr. — #30%int. © _Aw + 11—+ 558 + 3.56 1.48 + 5.89 5.89
knee freutr. — 130%nt. = '3 ~36>-10 —233 089
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Calculation of knee joint rotation during foot rotation on the basis of sin. v,
For comparison, the angulations found by “external measurement”. Unit: degrees,

Foot 15° ext. rotated

Foot 30° ext. rotated

Foot 307 int. rotatad

Control catculated v external calculated v extarnal calculated v extarnal
No. measuremant measurement reasurement
51 R a 5 Pl 10°
L 4 6 8 10
52 R 6 5 1* 10°
L 6° g 07 10°
57 R 5 g € 5°
L &° 5° 7 &
62 R 4 B
L F r
78 R 9 L5 9 10°
L 8 5° 1n° i
80 R 9 5 15 10°
L 5° 5° 11° 10°
Table 25

Characteristics and upper critical levels (97 1/2%) of parameters for anterior or posterior
displacement. Traction and pressure: 30 kg.

Foot fastened in 15° external rotation. N = 50,

Eiﬁsolacemem parameter X SD X sD X+ 28D
Ia:tt.‘cc:rstzl{rle ::il) E 2;3 ;g; .3 22 10.7
Wl I w v e
e oon oAl R4S VB a5 1s 8.1
S LT W wm ou
T U0 MO ow e
P of ot fiels 8 Z:Zg ::gg 2.7 13 5.2
e o0 L ee ae W
et condyie }::: E 2;3 g;i 53 20 . 05
e of both fogl L ikl ;g: ;g: 74 20 11.4
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Table 26

Characteristics of parameters for anterior or posterior displacement. Traction and pressure:
30 kg. Foot fastened in 30° external rotation. N = 13: 7 females and 6 males. Unit mm.

Upper critical

= _ Used _ level
Parameter X Range SD X sSD X+22x5D
T haw M® o 2a
n L am 1o as 2 39 22
Gt B s 210_100s a2 5% 22
e L a3 ose_ ym v 2017
0 L 2o - am e 2 M s
i o a0 12 28 13
G0 L a4 es_tem om o8 33
im L o sso_1ige  yes 62 28
Goohh 8 8% 448 12% 27 80 2
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Characteristics of parameters for anterior or posterior displacement. Traction and pressure:
30 kg. Foot in 30° internal rotation. N = 10 (ratio females/males: 1/1}. Unit mm.

Upper critical

- _ Used _ level

Parameter X Range sD X SD X+2.2x5D
Dlm B e e
on L ae1  oa_ se a0 8 26 98
N E 2;? g_’;g: ::?g f?i 38 23 8.9
i L 4s a1 am e 0 18 84
b0 L im os_2m os 2 09 3
g ORI e e s
b9 R as s o 1 05 2 M0
bm L am s s am S 28 107
Lojun 80T e Em o
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Table 28

Characteristics for parameters of anteroposterior displacement /right - Ieft/. Traction and pressure force: 30 kg.
Foot in different positions of rotation. Max.: maximum value measured.

Foot rotation 15 ext. N =50 Foot rotation 30" ext. N =13 Foot rotation 30°int. N =10
Displacement, parameter X sD X+ 258D X max. X + 228D X max. X +22SD
lateral condyle e-g 1.25 094 313 ~ 31 1.08 4.6 3.8 1.05 3.00 3.0
medial condyle f-h 098 077 252 ~25 1.16 3.4 3 0.91 2.30 2.7
{e-g}: {f-h) N
mean = y— 0.04 0.79 2b2 ~ 25 0.98 4.0 3.2 0.86 2.65 26
posterior:
lateral condyle i-e 1.15 0.84 283 ~28 0.89 2.00 2.3 0.89 3.60 3.1
medial condyle j-f 112 Q.70 2582 ~25 0.88 1.90 24 0.69 2.50 2.2
(i-e)+ (j-f) ~
mean ————— 0.85 0.64 213 ~21 0.85 1.70 1.8 0.66 2.08 2.0
total anterior posterior:
lateral condyle i-g 1.2 0.98 3.17 ~-32 0.95 3.10 29 1.72 4.80 49
medial condyle j-h 0.95 0.74 243 ~24 1.2% 2.40 26 1.16 240 31
fi-gl + {j-h} 084 075 234 ~23 0.77 2.30 24 112 2.85 3.3

mean ||fM1I|
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Tahle 29

Knee rotation during traction of 30 kg in normal persons expressed as {{e-g) ~ {f -h)) and as the numerical value of the difference in S_m
quantity between the right and left knee.

Side Characteristics Foot neutral, N = 50 Foot 15 ext,, N =50 Foot 30° ext.,, N =13 Foot 30°int., N = 10
range - 04 ——+4+ 53 + 056 ——+ 78 +17 ——+ 60 16 ——+ 1
X 2.38 3.54 3.36 0.03
Right  SD 1.39 1.64 1.37 0.85
X+ 228D X1 225D
. X ® 250 - 04 —— B16~52 + 0.26~03 +6.82~6.8 + 0.34~03 — 6.37~6.4 - 18 — -+ 19
range —13 —— 1+ 5.1 - 23 —--—- 1+ 178 +10 —-— + 54 - 23 - + + 23
X 2.38 3.15 3.25 0.01
Left SD 1.36 1.88 1.23 1.39
X ¥ 2.2 5D X ¥ 2.2 8D
m ¥ 258D —-034~03 —+ 510 ~-061~-06 —+691~69 054~05——— 596~6.0 —30 ——= + 3.1
range +01 ——~1+ 29 + 01 4 31 01 s 27 0.0 —— - —=»2.1
/Right —= X 1.24 . 114 1.20 0.78
left/ SD 0.72 0.82 0.75 0.59
X + 25D 2.68 ~ 2.7 2.78 ~ 2.8 270~ 2 2.07 ~ 2.1




- 157 -

Table 30

Knee rotation during pressure of 30 kg in normal persons as {{i-e} — ;- f}} and as the numerical value of the difference in this
quantity between the right and left knee.

Side Characteristics Foot neutral, N =50 Foot 15° ext., N = 50 Foot 30° ext,, N =13 Foot 30° int,, N =10
range —2B ~———+ 740 —30 ——— + 5 —43 — + 44 - 02 -+ + B2
b4 2.39 0.98 0.31 3.18
Right S0 213 1.89 1.97 2.28
% 25D - 1.87 ~ —19 — 28 X + 2.2 5D: ¥ & 225D
' 665 ~ + 6.7 -+ 476 ~+ 48 —40 - — + + 46 ~18 —- + 82
range -1 + 7.7 -31 —— + b4 ~33 —-+ + 30 +23 —— + 173
X 2.39 0.95 — 0.0 3.62
Left SD 1.90 1.89 1.59 B 1.71
= A ~ . 473 ~ 4.7 X 7 2.25D: X 225D,
X 25D 6.19 62 ,
~s— 141 ~—14 —283 ~ -28 —36 — >+ 34 + 01 ———> + 74
range + 0.1 -- + + 340 + 01 —— + 330 + 00 -—++ 180 + 04 - + 3.1
fRight 1.33 1.44 0.88 1.14.
efy D 0.95 0.96 0.59 0.92
X + 28D 3.23 ~ 336 ~ X 218 ~ 22 3.16 ~ w

I
113

Ii
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Table 31

Rotations calculated from the neutral foot position without any application of force, ey and f, 10 15° external rotation in the foot

and 30 kg tracticon, gyg and hyg5, and 30 kg pressure i1g and jp5.

(e - g1g) + Uy~ hyg)

ligg - en) + ligg - f!

Side Characteristics (en - 9151 — {f, - hyg) {iyg - eqt — liyg - ) 5 5
range - 120 ——- 860 0.60 —-——+ 8.30 085 — -+ 7.95 110 - - 6.80
X - 0.38 4.88 4.02 3.37
Rign  SD 1.50 1.99 1.71 1.23
X+ 250 - 336 -~ -~34 090 ~ 0.9 060 ~ 06 081 ~ 09
+
—1 284 ~ + 28 ~+886 ~ B89 —-744 ~ 74 - +583 ~ 58
range — 580 — —»2./0 ~020 — —» 9.80 110 -—-~—- 820 125 - — = 710
X -~ 0.67 477 3.89 3.49
Left 5D 1.80 2.01 1.53 1.25
_ — 447 ~—45 675 ~ 08 831 ~ . 9 ~ 10
% 525D 0 0.8 0.99
1313 ~ + 3.1 - +879 ~ 88 - -895 ~ 70 599 -~ 6.0
range 0.00 — -~ 4.70 0.00 -—— —» 4.70 0.05 - — -~ 355 0.00 — —— 2.00
/Right 1.27 1.76 0.83 0.73
oy sD 1.0 1.06 0.66 0.57
¢ X+ 2SD 329 ~ 33 3 ~ 39 215  ~ 2 187 ~ 189
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Table 32

/lk-N)g _ /. Difference in rotation between a person’s two knees,

Rotation N Range X SD X + 25D
0 — 15° ext. 50 00-43 0.98 0.92 282~28
0— 30° ext. 13 06 - 4.0 161 0.97

0~ 30° int. 10 0.0 — 3.0 1.14 0.93

Table 33

Knee rotation at different foot rctations, Traction and pressure = 0. Numerical difference
between the right and left knee. Measured by simpier parameters:
fleq -e) R—L/ and /if, - f) R—1L/.

5D X+ 2SD

x|

Rotation N Parameter Range

Hen- e15) gLy O1—28 089 070 229~ 23
My -f18)(Roy)/ 00-~22 080 062 214~ 21

0-15%ext. 50

n
fle, - el im_ty/ 0.1 —27 1.29 0.381
0-30%ext. 13 n’30°(R-L)
/(fn - f30)'ﬂ_u/ 03 —32 1.64 0.86

/tey - e3g)ir_r)/ 02-—15 098 048
/Mty - f3ghg_yy 01-—15 090 045

0—307 int. 10
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ADDENDUM II

ANALYSIS OF STRESS RADICGRAPHIC MEASURBMENTS OF MEDIAL, LATERAL,
ANTEROPOSTERIOR, AND ROTATORY INSTABILITY AND COMPARISON WITH
COPERATIVE FINDINGS IN 153 KNEE INJURIES
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Patient Material. Survey

The clossification in popers (5) and (4) was used, the cases being reported in
numerical order. Group 1l comprises cases of fresh knee injuries, meaning that
the interval between the trouma ond operation wos 14 days or less, group 2
cases in which this interval was 15 days to 3 months, and group 3 cases in
which it exceeded 3 months.

The group of fresh injuries is mode up of 90 knes joints. Local an-
cesthesio {lidocaine chloride) was used in the measurements, odding norod-
renaline inte collateral ligaments and capsule, but not into the joint space
{5 ml, ofter aspiration of hyd- or haemarthrosis}. The fresh cases are par-
ticulorly well-suited for observing the extent of the damage in the course of
surgery, as there is ot yet any blurring scar formation in the collateral
ligaments ond copsule or atrophy of injured cruciate ligaments. However, the
pain reoction may be violent in this group, and in three of the ?0 cases this
prevented measurement of the drawer sign.

Group 2 comprises only 26 knee jeints., In this group too lecol ances-
thesia had to be applied at the stress rodiograophic measurement. The potho-
logical wppearance of the injuries proved portly blurred by scer formotion ond
cruciate otrophy.

Group 3 comprises 37 knee joints. In this group there was no pain re-
action during the measurements, ond local anaesthesia was not used. The ori-
ginal pathological anatomy of the colloteral ligaments ond copsules proved
tc have been olmost totally transformed by scar formotien. Injuries to the
cruciote ligoments could be assessed only as partiol or totol atrophy (in some
cases as the presence of ligament remnonts). Possible healing with lengthen-
ing of cruciate ligaments is difficult to evaluate.

In oll, 153 knee injuries in 151 patients will be reported, as two po-
tients were examined, and operated upon, twice on the some knee. They were a
patient listed first as Case 50 and later as Case 101 and aonother one listed
first as No. 40 and later as Case 148, In both coses there was a question
first of a fresh injury and later of o new trouma presented late for treat-
ment. Thus, the pathological anatomy was quite clear ond easy to describe in
Cases 50 and 40, while in Case 101 it was as in other cases of group 2 and
in Case 148 as in other group 3 cases, Therefore, the two repeated operations
on the some knee joint do not influence the anclysis.

A total survey on the composition of the clinicol material by oge ard

sex has been given in Table 1 of (5), a totol survey on the "couse" of the
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trauma in Tdhle 2 of the same paper. "Couse" is tdken to meon the octivity
in which the potient was involved when the accident occurred, An attempt
was always mode to elucidote the pothogenesis of the injury, meaning the
mechanism of the trouma, and it will be tabulated below. It is of importance
to which types of instability are expected to be found in the joint concerned.
The patients were examined during the period January 1974 to November 1975.
Lastly, true negotive, TN, true positive, TP, false negative, FN, ond
false positive, FP, findings of instdbility will be onalysed, considering the
operative finding the decisive foctor. Thereafter, the results of stress ra-
diogrophy, clinical exomination {by oncther surgeon, i.e. the Head or Senior
Registrar), and examination urder general ancesthesio were compared (cf. (5)).
This was done by calculating the pvpos and PVneg of the nomed TN, TP, FN, and
FP values (Wulff 1973 a). In considering the importonce of rourding the stres
radicgrophic measuring results to whole figures {mm), it myst be tdken inte

account whether these expressions are offected by such rounding.

Operative Method

Operation was initicted in wll cases by a vertical incision onterior to the

medial collateral ligament and ceontirved aos arthrotomy opening the joint cap-
sule anterior to the named ligament up to the vastus fibres, The vostus medi-
alis muscle was incised only in major procedures. This gave such good occess
to the joint thot the cruciate ligoments and the medial collateral ligaments
could be inspected, and s¢ could a large part of the articular cartiloge, the
medial meniscys, and the anterior horn of the lateral meniscus. In other or
similtaneous injuries, further ircisions were opplied over the lateral collat
eral ligoment, into the popliteal spoce, etc. In the medial incision the in-
frapotellor branch of the sophenous nerve was always exposed, covered with
tape, and spared. Secondary rupture of this nerve branch during the operation
sometimes occurred in major procedures invelving suture of the cruciate ligo-
ments etc. A more detciled description of the technique of ligament suture
is ocutside the scope of the present paper.

All the coses are tabuloted, while particularly interesting or compli-
cated cases will be described in the text,

Rules of Calculation:
Frem Addendum I, in particular, ihe lost summory, ond from definitions and
findings in (3), (4), ond (5), the following calculation rules can be summed

up:
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LoH:k-15= (eneutrol - erototed) - (fneutrul - frotated)'
is positive on internal rotation of the tibic (and negative on opposite

This expression

rototion). No stress action,
2. F: {e - g) - (f - h) expresses rotation during traction in neutral position
e 9 etc.; in 15° external rotation €15 9)5¢ etc.; in 30° external

n
N . S . .
rotation €400 ext,’ 930° axt . ¢ etc,, and in 30" internal rotation of

the foot: €30% int.’ 930° int., etc.

The expression is positive in internal rotation of the tibio (ond nege-

tive in the opposite rotaticn,

3G: (i-~-e)-()-f) expresses rotation during pressure (posteriorly di-
rected force). The some sub-expressions of the parameters are used as
in rule 2 to designate the position of the foot during the force oction.

Expression 3 is positive in external rototion of the tibia and negative

in the opposite rototion,

4. /Parameter of injured knee - that of the uninjured knee/ > 3.0 mm to
be dbnormal. However, to all foot positions concerning expression 3,
and in 30° external or internal rotation of the foot concerning ex-

pression 1 there is o limit > 3.4 mm.

cinjured - cuninjured) > 2.0 mm: medial instobility.
ed) > 20mm; lateral instcbility.

injured = dUninjur

Expression of anteroposterior displacement:

7. C: {e - 97-; {f-h} (injured - uninjured) > 3.0 mm: anterior drawer sign.

8. D: (i-e) ; (3 - F) {injured - uninjured) > 3.0 mm: posterior drower sign.

?. E: (i-g) ; (3 -h) {injured - uninjured) > 3.0 mm:aobnormal total antero-
posterior displocement {applies to neutrgal paosition ond 15° externally
rotated foot, while o few volues are 3.2 and 3.3 in further internal

or external rotation of the foot).

Combinations of onteroposterior instabilities and rotatory instdbilities
do occur (6)}. The three expressions of rotation subtract the greater part of
any onterior or pesterior displacement, as is apparent from Figures 25 and 24.
They are then, correctly, multiplied by @ foctor 2, os a perpendiculer line
from the new centre will divide the line segment conderned into two halves,
and the new centre represents total displaocement, However, this does not

acquire ony practical importance, os the numerical values were calculated on
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Tcble 1
Algebraoic formuleae for caleculotion of instability:

A: Medial instobility: ¢, . - ¢ . .
inj. uninj,
B: Lateral " :d, . -d . .
inj. uninj.

C: Anterior displocement (drower sign): LE:QL%;lf:bl n (inj. - uninj.)

" n " . (i-e) ; (j—f‘) " (
(i-g) ; (3-h)
where n = neutral, inj. = injured, uninj. = uninjured.
C, D, and E con alsc be calculated for foot in 15° ext., 30° ext., and 30° int.

rotation,

inj. - uninj.)

D: Posterior

E: Total anteroposterier displocement: n (inj. - uninj.}

F: Rotatien on troction ({e-g)) - (f-h)) N15° ext. (inj. - uninj.)

30° ext.
30°

int.

G: Rotation on pressure: ({i-e) - (j-F)} N5° axt
30 ext.
30° int.

{(inj. - uninj.)

H: Rotation without pressure or traction: (k—l)(inj (e

(Fn - Fls).
H con also be calculated for 30° of external or internal rotation in

which 15° ext,, 30° ext., and 30° int. designote foot rotation.
H

n "5t C

- uninj.) =

Hnl5°ext.' n30%int. H 30° ext. designate knee rototion when the foot

is rotated from the neutral position 152 externally, 30° internally, or 30°

externally. Cnl5°ext.’ Dn15°ext.’ Fn15°ext.’ Gn15°ext. are the correspond-

ing designations.

the basis of the normal material (Addendum I}. Thus, although the general use
of the holved expressions, e.g. % ({I - e) - {j - f)) does mean halved criti-
cal levels, they olso halve the values with which they are to be compared in
dbnormal cases, Therefore, factor % con just as well be excluded, i.e. multi-.
plied by 2. ’
Table 1 is a survey on a set of formulae deduced from the calculation
rules, using constantly the difference (injured - uninjured). The formulae
are stated in capital letters to save space in the Folléwing tobulations in !

which they will be used. It is the intention to use these formuloe as a
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screening of the calculated values for the different forms of instdbility, the
numerical eriticaol level of the expressions being known: 2.0 mm for A and B,
3.0 mm for C, D, E, F, amd H, _ 15%xt. 7 and 3,4 mm for G and Ho - 309
Hn30° int." Where these numericol values are exceeded, the sign must be observ-
ed, ond o more detailed analysis of the movements in the condyles of the in-
jured and uninjured knee instituted.

The procedure may seem complicoted, but it was felt to be indicaoted for
scientific reasons. When the possibilities have been investigoted, it is
planned to simplify both the number of measurements and calculations by pick-
ing out the simplest ones for routine use. In the injured material it waos not

possible to carry out all the examinations on eoch patient. Therefore, some

nt.”’ and

spoces in the tables will be empty.

Patient Group 1
Table 2, in which the dbove system is used, presents the outcome of the cal-
culaotions in Cases 1 to 1l. Among these patients none exhibited medicl or lat-
eral instability at gonylaxometry, i.e. none exceeded the critical level of
2.0 mm for A and B {Table 2).

Nor did ony of them have a positive drower sign, as none hod C or D
values exceeding the critical level of 3.0 mm, cf. Fig. 2 in (53). Note that
the clinical examination in all these cases presented FP findings {in ¢
cases medial laxity, in 2 coses drawer sign (Teble 3)). Examination under

general ancesthesio presented only ene FP and gonylaxometry none. On the

other hand, there is reason to comment on the values for rototory instobility
in some of these potients., Clinical evaluotion of rotatory instobility has

proved so difficult that no comparison was made of the findings at gonylaxo-
metry, at clinical evaluation, ond ot exemingtion under generol oncesthesio

as done for medial and lateral instability and for the drower signs.

Case 1:
This case has been reported in (4), Toble 1 ond Fig. 3, and in the text of the
present survey under "findings" and “discussion".

A 29-year-old man sustained on injury during flexion-external rotation
of the left lower leg in relation to the thigh while skiing. Stress rodie-
grophy did not demonstrote any medial instability, (cinj. - Cuninj.) being <
2.0m (= 1.8 mm). Exomination under genercl ancesthesia olso did net demen-
strate medial instability. Anterior displocement of the laterel tibial con-

dyle (traction 30 kg) in the neutral position was for
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the injured knee (e -~ g): 7.2 mm,
uninjured knee (e ~ g): 8.4 mm
{(injured - uninjured = -1.4 wm).

Antericor displocement of the medial tibiol condyle was for

the injured knee (f - h): 8.2 mm
uninjured knee (f - h): 5.% mn

injured -uninjured: + 3,2 mm

Thus, when censidering the medial tibial condyles, it will be seen thot
the displacement of the "injured condyle" is greater than that of the uninjured
one (indicating external rotation), and when considering the lateral condyles,
that of the injured knee is less anteriorly disploced than that of the uninjure
knee, i.e. relatively posteriorly, also indicating externaol rotation, The diff
erence between (f - h)inj. and (f - h)uninj.
the sole documentation of this external rotation. The difference between the
injured and uninjured knee for the lateral pair of condyles (e - g) is nega-

tive and the total difference therefore 4.6 mm.

It is this way of calculation, totolling the movements of both tibial

condyles, which is collected algebroicolly in expression F in Tdble 1:

(e -g) - (f-h)) - {{e-9g) - (f-h))

and the caleulation gives:
(7.2 - 8.2) - (8.6 -5.0)=1(-1.0)-(3.4}) = ~ 4.4 mm,
which is numerically equal to the dbove resylt, while the sign, cf. caleulo-

is sufficiently great to offord

inj. uninj.’

tion rule 2, indicates external rotation. This rotation exceeds the critical
level of 3.0 mm,

Regording the expressions for the injured and the uvninjured leg isolated,
it will be seen that ({e -~ g) - (f - h))inj. becomes negative, i.e. indicating
external rotation, while the same expression for the uninjured leg is positive
indicating internal rotation, as normally found on traction. )

Operative findings: I[solaoted, partial rupture of the SMCL, the long
anterior fibres being ruptured. In extension and in slight flexion the intoct,
posterior fibres prevent mediol instobility. In 90° flexion, in which exomin-
ation for anterior displocement is performed, these fibres are lox and permit
cbnormal external rotation, Fig. 3 in (4). )
Case 2:

While ploying football the notient hod heen hit by an opponent's boot anterc-
medially on the tibia. This was, then, a posteriorly directed dbduction traumd
to the {hyper ?)-extended knee.

Operative findings: Fraying of the anterior fibres of the SMCL superier-
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ly ot the medial femoral epicondyle, but without a complete interruption
of continuity. Rupture also of the posteromedial copsule. This case is ona-
logous to Case 1.

The calculations in Case 2 were carried out as follows:

A: (cinj. - cuninj.) =11.2-11.2 = 0.0 mm < 2. O mm
B: (dinj. - duninj.) =14.4-14.1=0.3mm < 2.0 nm
(e=g) + (F- .y _2.9+44 _7.0+34 _ _
C.: (e-g) 3 (F-h) {inj.- uninj.) = 2 5 8.4 7 3 0.6 mm.

The only dbnormal findimg on stress roadiography was dbnormal external
rotatory instcbility on troaction in the neutral position of the foot as well
os with the foot fastened in 15° external rotation.

Fn: ((en - gn) - (fn - hn))inj. - ((en - gn) - (Fn - hn)uninj.
((42.1 - 39.2) - 65.1 - 48.7)) - ((45.0 - 38.0) - (51.8 - 48.4))
= (2.9 - 6.4) - (7.0 - 3.4} = (- 3.5) - (3.4) = - 7.1 mm,

while FnlS was performed in o somewhat different way, the entire rototicn

being included at the same time:

FnlS: {(en - gl5°ext.} - (Fn - I'115))(.’1.nj. - uninj.) =-7.2m

Case 3:

In this case there were no aonormal vaolues for medial/lateral instcbility
or drawer sign. The values for rotation were calculated:

Fo=le, - g0 - (F - hn))(inj. - oninj.) * 1.6 mm < 3.0 mm

F15%ext, = (le15 = 915) = (F15 = 115} (505 unins.) = %8 in3.” 44 uning.

= -~ 3.6 mm, which is numerically > 3.0,
This means external rotation of the injured knee as compared with the

uninjured oreon traction, both rototing inward (being positive) - ond this
relative rotation has to be investigated in more detail,
When the foot is rotated from the neutraol position inte 15° external

rotation, without force upon the tibia:

( - 1)uninj. = ((en T f15 ext.) - (Fn - F15 ext.)] =
(41,9 - 45.4) - (51.2 - 44.8} = - B.l mm
(k - l)inj = (44,0 - 45.2) - (52.5 - 50.6) = - 3.1 mm

The uninjured knee, thus, shows marked external rotation (which is nor-
mal) when the foot is rototed from 0° to 15° external rotation, whereas the
injured knee shows an inhibition of this rotation so marked that (k - l(inj. _
} = 5,0 mm by far exceeds the critical level., This inhibition of nor-

uninj.
mal external rotation is presumcbly due to o reflex muscle protection of the
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injured joint. The externol rotation found in the calculation of Fl5°
indicotes that part of this rotatory inhibition is overcome by the forword
traction on the tibial condyle. However, as the inhibition wos 5.0 mm,
and the rotation caused by the traction only 3.4 mm, there cbviously still
remains resistance to rotation in this case.

Operation showed, at the medial femoral epicondyle, a very slight fray-
ing of « small part of the long fibres of the SMCL. This fraying was not
visible until the intoct layer of connective tissue, peritendineum, invest-
ing the ligament hod been split in the direction of the fibres. The DML
was completely intact. The inhibition of rototion must be assumed to have
been due to intact nerve fibres close to the injured tissue which tried,
via the reflex arc, to protect the ligoment fram further destruction
(Palmer 1938).

Case 7:

Measurement of Fn = - 3.2 just exceeded the critical level of 3.0 mm, but the
difference was so slight that o possible rounding to whole figures would in
clude it in the "normal findings". Operation disclosed the sequelae of dis-

location or subluxation of the patella.

Case 10:
Here G was 3.4 mm, which is just the critical level of G, which was not ex-
ceeded, cf. calculation rules 3 and 4.

Hn30° int. Considercbly less internol rotaotion in the knee joint at
30° internal rotation of the foot {without pressure or troction) in the in-
jured thon in the uninjured knee {difference 3.7 mm).

Operative findings: A bucket-handle injury of the lateral meniscus
which has prevented this internal rotation, as it hos blocked the anterior
movement of the laterol tibial condyle during troction. This phenomenon

was not disclesed during clinical examimagtion or during examination under

general onoesthesia.

Thus, as also emphasized in (5} and (&), there is ogreement between the
parometers megsured ond the operative findings in the 11 cases of this group
in which there was not total rupture of any ligament ond in which only the
medial ligoment was involved, or in which the injury was of tissues other
than ligaments (Table 3).

In Cases 2, 3, and ¥ examination under general anoesthesia also shewed
ro medial instability. Thus, in the 11 cases of this group the measurements

were true negatives, TN.



-171 ~

Cases 12 ~ 24 incl. mcke up a sub-group characterized by isolated injury to
the medial collatercl ligament, including the deep layers of this ligoment,
and at the same time slight medial instcbility, rnearly olways less thon 4 mm.
As is cpparent fram Table 5, the operative findings are characterized by
rupture of the DMCL and OMCL, possibly combined with partial rupture of the
SMCL, but never totol rupture of this structure. In many coses these par-
tial ruptures were so slight that the peritendineum, the connective tissue
membrane investing the parallel fibres of the ligament, hod not been torn,
ond the injury presented ilself merely as o small hoematoma beneath it. Any
minor defect in the ligament could be polpated, but in scme cases it did not

appear until after incision of the connective-tissue membrane along the liga-

ment fibres. Some ruptures of this type are illustroted in Figure 27.

) )
L a.

a b c

Figure 27: Sketches of partial ruptures of the SMCL

a Case 20
E Case 14
¢ Case 21.
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In connection with Table 5 it must be mentioned, also, thot only posi-
tive operative findings are listed. Thus, where the table stotes "particl
rupture of the SMCL", this implies that the DMCL and OMCL were completely
intoct.

On scrutiny of Tdable 5 it is strikimg that the mechanism of trauma in
proctically all these coses consisted in cbduction ond external rotation of
the tibia in relation te the femur ond some degree of knee flexion. The same
mwechanism moy be seen in Teble 3, in Cases 3 and ?, in which operation also
revealed small, partiol ryptures of the medicl collateral ligaments. Asis
gpparent from Table 3, the some mechaonism moy sometimes leod to dislocation
of the patella. It might be assumed, therefore, thot it would be possible
to demonstrate extermal rototory instdyility by troction (or rotation of the
foot), ond in Table 4 specicl attention should be given to the F values.

Two features charocterize Tuble 4 in gereral: First, that positive
medial instability waos demonstrable in oll coses, Secondly, the very low
and in many cases negative valuss for the parameters of onteroposterior or
rototory stcility., The latter indicates that the injured knee moves less
on actions or, in other words, puts up resistance against displocements.
In some cases {vide infra) this wos very marked. It is coused by reflex
muscular resistance to movements which can further damage the ligament.
During local unuesfhesia, which removes the pein, ond which was used in
all these cases, it is evidently difficult to block the proprioceptive re-
ceptors in the ligament proper. As dbserved alreody by Palmer (1%38), this
is a special feature of partial ruptures; in total ruptures the resistance
to displacement has ceased.

Evidently, it is easier to svercome the reflex musculor resistance in
the frontal plare, in which examimation for medial and lateral instability
is performed, thaon in the sagittal plone, in which the thigh and lower-leg
muscles resist anteroposterior displacements of condyles carrying partially
ruptured ligaments, This will be elucidoted by the following coses.

Case 18: .

In this case posterior displocement on pressure (mean of both condyles) in
the injured knee as compared with the uninjured knee was D = -4 .4 om, i.e.
definitely reduced. This imdicates a reflex muscle spasm. Before locol
anaesthesio was applied, it hod monifested itself as a contraction state with
the knee in cbout 40° flexion., Under genmeral ancesthesia the muscle spasm

completely disappeared, ond the flexion defect was cbolished.
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Case 22:

Here neorly oll parameters bear witrness to muscular "locking" of the injured
knee. Anterior as well as posterior displocement in the neutral position is
less than in the uninjured knee, but without exceeding the critical level
which, however, is greatly exceeded by parameter E representing the total an-
teroposterior displocement (5.4 mm less in the injured than in the uninjured

knee),

Rotatory Findings, Cases 12 - 24
Case 22, continued: Gn = -4 4 indicates marked internal rotation in the

neytral position on pressyre, and in other words injury to the medial col-
lateral ligomentous opparctus. Hn15° axt. = 3.2 represents reduced ex-
ternal rotatien of the injured knee on extermal rotation of the foot without
any force applied, probobly due to muscular defence. Operation revealed par-
tiol rupture only of the SMCL.

Cose 16:

Medial instobility: A= {c, . -¢ . . ) =4.6mm 30° internal rotation
inj uninj.

of the foot ond simultoneous pressure gives:

for the injured knee: ((en - 930° int.) - (f, <hyp0 int.))inj. = 5.3 mm,

positive,int. rot.

for the uninjued knee: ((en = 9300 int.) - (Fn - h300 int.)) uninj. = 8.% mm,

positive, int. rot.

Both volues are within the normal range for rotation of the knee joint in
internal rotation of the foot, even without ony force applied, cf. Addendum
I, bottom of Tdble 23.

As troction is applied, the uninjured knee rototes more inward thon
the injured knee (difference (injured - uninjured) = -3.6 mm = F30° int.)'
In other words, the injured knee is externally rototed as compared with the
vninjured knee. This accords with the mognitude of the figures ond with
the signs. The explongtion is that the balaonce between passive loteral and
medial structures irhibiting anterior displacement has been altered by the

medial rupture.

Charocteristics of Sub-group Cases 25 - 57

All but one showed medial instdbility exceeding 4 mm, ond cll hed rupture

of the onterior fibres, dbout 10 mm in width, of the SMCL. Within this group
there was one partial subsynovial rupture of the ACL (Case 37, Fig. 28). Ne
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injuries to the menisci were found in this group, thus not from Case 1 - 57,
when disregarding Case 10 aond the foct that the anchoring of the meniscus hos
been detached as soon as the deep collateral ligament has ruptured. Thereby,
the mobility of the meniscus at long sight will be altered, if the deep liga-
ment does not heal in some way or other. There was one false positive, FP,
value for lateral instability (Case 32).

Case 28:
This case showed externmal rotation on troction. Parameter Fn = =3.5mm, in-
dicating dbnormal external rotation,

In this case there was total rupture of the SMCL as well as of the
DMCL.

Case 33:

In this case there was greotly restricted anterior displacement in the in-
jured knee os compored with the uninjured one on traction (C = -4.%9 am).
This also entoiled total onterocposterior displacement (E = -5.5 mm). Con-
sidering that the operation disclosed partial rupture of the DMCL, it is
reasondble to imogine,in this case too, o reflex muscular resistaonce to
the movement. The SMCL was totally ruptured.

Case 35:

Operation revealed total rupture of the SMCL, DMCL, and OMCL at the distal
ottachment on the tibio. Thus, in wriggling movements the meniscus went
along with the femur, being lifted from the tibia.

On pressure on the tibia in the neutral position, intermol rotation
of the injured leg (-0.3 mm) was found, aond the difference from the oppo-
site knee (which rotated outward) clearly exceeded the critical level of
3.4 rm, being Gn = -4.8 mm. This rotation was rnot found until after the

introduction of the algebraoic formuloe for rotation.

Case 37:

Neither clinical exomingtion, gonyloxometry, nor examinatien under general
onaesthesia could reveql any drower sign. Operation revealed o smoll sub-
synovial rupture of the ACL with subsynovial haemorrhoage. In the critical
count of positive ond negative findings in the calculation of Table 3 in

(5) the evaluation is designoted FN, morked by an asterisk in Toble 7 of this
Addendum, However, it is probcbly more reasonable to designate the find-
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ing TN. In the subsequent total onalysis of the material ((5) pp. 307 - 308},
therefore, the measurement is tdken to be TN. The small injury which cannot

be expected to give rise to a drawer sign, is depicted in Fig. 28.

Figure 28: Sketch of the injury in Case 37. Partial injury to the ACL, the

onteromedial fibres having burst subsymovially - and ot operation
the injury was primorily visible only as o subsymovial haematoma. The SMCL
was totally ruptured, showing o froyed tear in the middle. The DMCL and OMCL
hod been torn off the attachment on the distol part of the epicondyle where
there was o denuded bomy area. The intact PCL is not depicted in order not to
distyurb the impression of the injured ACL.
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Case 38:
This case, showing isoloted total rupture of the SMCL, was previcusly (4)

recorded as having a positive Internal rotation of the injured knee during

pressure of 30 kg. The difference between the posterior displacement of

the injured and uninjured tibial condyle on pressure in the neutrol posi-

tion was:

for the medial condyles: 4,0 mm {injured > uninjured)
for the lateral condyles: 1.3 mm_

Difference 2.7 mm

Whether this is to be considered positive rotation depends upon the
criticol level chosen, viz. whether it is felt reasondble to use $0% or
95% or on even higher upper confidence limit for normal values. The 70%
confidence limit for normal values of Gn may be‘found in Adderdum 1, Table
30 in which x = 1.33 ond 5D = 0.95 mm. Geigy's tobles {1940) show tha®
1.2991 for P = 0.1 (2 P = 0.2) and degrees of freedom N - 1 = 47. The
nomed 9% limit, then, will be: % + t2G © =1.33 +1.2991 x 0.95 = 2.54
mm. Caolculoted in the some way the $5% upper limit will be: 2.92 mm,

Thus, the volue for rotation of 2.7 mm is between 0% and 95% upper cenfi-
dence limit. If this is felt to be occeptdble, there is positive rotation,
In paper (4) it is imcluded as positive. But when using the somewhot strict-
er limits suggested in Addendum I, 97%5%, the valve has to be rejected os o

representative of estdblished rotatory instability.

Cose 39:
Operation disclosed distroction of the fibres in the entire width of the
MCL, but  the continuity of the ligament was preserved by the peritendin-
eum. There wos total rupture of the DMCL ond OMCL, continuing backword
into the posteromedial capsule. The rupture in the SMCL must be said to be
a borderline case between partial and total rupture. The medigl instability
was quite marked, ond a slight, further oction would hove entirely inter-
rupted the continuity (Fig. 29) A = 4.4 mm,
Calculation of rotetion for each knee seporotely:
injured knee: (e - g} = (f - h) = 4,5 - 5.3
means external rotaotion,
uninjured knee ........ .. 0. =8.3-5.¢

medns interral rotation,

-0.8 mm, negative, which

1)

2.7 mm, positive, which

shows in the injured knee external rotation of slight extent due to an cltered
ligament balance. In the uninjured knee there is internal rotation like that
expected in normal knees. The difference between the twe knees, Fn15° ext. =
(-0.8) - (2.7) = -3.5 mm. This is, even after rounding to whole figures, un-
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Figure 29: Sketch of the rupture in Case 3%. At the top the rupture in the
SMCL as well as of the DMCL and OMCL. At the bottom only the
rupture in the OMCL aond OMCL ond in the posteromedicl copsule. The SMCL is

greatly distended and shows a Frayed tear, but the continuity is preserved.
This is midway between partiol ond total rupture. This figure is represento-

tive also of Case 41.



- 178 -

Case 4]:

Marked negative values, in particular for C, viz. anterior displacement, in-
dicate that the injured leg is fixed, while the uninjured leg moves forward.
The same applies when calculating rototions. In other words, local ancesthe-

sia was not sufficient to dabolish this spasm.

Case 42
In this cose external rotation without troction just exceeded the critical

level, The diffarence was eliminated on traction (Table 4).

Case 45:

In this case Gn = -3.7 represents internol retation on pressure.

Cose 49

exhibited marked externol rotation of the injured knee, the position of the
foot altering from 0° to 15° externol rotation, calculated by H = -4.0 mm.
This wos due, olmost exclusively, to anterior displacement of the right
mediol tibiol condyle of the injured knee, because of totol rupture of the
SMCL, DMCL, and OMCL.

Case 50:

Two months previously this patient had sustoined a footboll trouma, con-
sistirng in dbduction and external rotation of the tibic with flexed knee.
He sustained a new, entirely analogous trauma immediately before admission.
Operation revealed an clder rupture of the SMCL as well as the DMCL ond
OMCL., All were retracted ond rolled-up, club~shaped, and the frogments
were disploced far from each other, In other words, there was no heoling.
Instead, thin, plague-shoped cicatricial tissue hod grown over the injury
on the medial aspect of the knee, and this tissue hod ruptured at the
latter, fresh injury. The potient wos clossified ameng the fresh injuries,
because the pathology was so cleor. At gonylaxometry he had Fn =-2.5mm
MdFHDen.
Vsignoted as positive rotation. However, these volues cre clearly below the
critical level fixed in Addendum I, sc that this findinmg will hereofter be
designated negative.

= -2.1 mm, and on this basis he hos previously (&) been de-

Case 52:
There was cbnormal externol rotation on rotating the foot 15° outward from

the neutral position without applying force: Hn15° = -3.6 mm,
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When the individual components are considered, the expression Hnl5°
is made up of :
(k - l)inj = -7.2 mm: marked external rotation,
{fk -1) . ., =-34 m: moderate external rotation.
uninj.
This rotatory instability was not mentioned in (4}.

Case 54

In this case there was cbnormal internal rotation on pressure on the injured
knee:

Go = (L= = (5= sy, - uning) = 702y, - (1) g0y, = ~4-3 mm.

Normally the kree rotates ocutword on pressure and gives a positive value like
that found for the uninjured leg., 1In the injured leg there is a negative value,
viz. internal rototion which becomes really marked on the bockground of the
marked external retation in the uninjured leg. This case was also not record-
ed in {4).

Injuries to the Laoteral Collateral Ligament

Partisl injuries to this ligament were found in two cases of fresh joint
traumos, Cases 58 and 59. Neither of them exhibited lateral instability.
In both cases operation showed rupture in the form of fraying of dbeut
one-third of the fibres, with completely preserved continuity of the lige-
ment, In one case the locolization was distol, in the other ot dcbout the
middle, The measurements must be said to be TN, true regatives, also with
regard to loteral instobility.

Summary of Cases 25 - 59:

The most marked medial instabilities, when not comparing with the uninjured
leg as in the stondard method, were in Case 38: 20.2 mm and in Case 43: 19.8
mm. In the last six columns of the tecbles the results are listed as TN, TP,
FN, etc. These designations apply also in Cases 58 and 59 who hod partiol
ruptures of the loterol colloteral ligament, only to medial instobility and

the drawer sign.

Seven new, not previously recognized rototory instabilities were found,
Cases 14, 22, 35, 3%, 45, 52, ond 54, exceeding the new, higher criticol
levels.

In cases showing portiol ruptures at operation - and in cases in which
the ligament fibres hod ruptured but were situoted beneath the intoct connec-
tive-tissue membrone of the ligament - gonyloxometry often showed inhibition
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of the o-p mobility of the condyle which carried the injured ligoment. This
irhibition must be assumed to be reflex, muscular ond due to unbroken nerve
fibres in the otherwise destroyed tissue - or perhops in the preserved
connective-ti ssue menbrane ensheathing the ligoment.

Possibly, further rototory instdbilities would be disclosed if the pa-
tients were examined under gemeral ancesthesia, os most of the trouma mech-
anisms include a rotation component. On the other hand, there would no
doubt be a risk of further rupture of partially injured ligaments. In this
connection, it should be mentioned that gonylaxometry performed with lecal
anaesthesia, as done in the present series, does not convert a partial rup-
ture into o totel ome. This is evidenced by the numerous findings of par-
tial ruptures at subsequent operation.

An attempt ot cnalysing the operative findings in relation to the mech-

anism of the injury shows that in the most common mechanism, viz. dcbhduction-

external rotation flexion, there occur total as well as partiol ruptures

of the SMCL as well as porticl or total ruptures of the DMCL ond OMCL, and
lastly various combinations thereof. This is no doubt dve to the numerous
possibilities of combingticn inherent in the nomed mechanism of injury in
the degree of flexion or rotaotion, or onteroposterior forces, or dbduction,
Accordingly, there is a possibility of total ruptures of the DMCL or OMCL
without rupture of the SMCL and reversely of total ruptures of the SMCL
without rupture of the DMCL ond OMCL.

Cases 460 - 90:
These cases represent injuries in which cperation disclosed involvement of
the cruciate ligaments.

) + (f-h)

Therefore, they have o drower sign, defined by (e=g > 7.4 mm,

or the difference (injured - uninjured) > 3.0 mm for the anterior draower
sign ond ii—_e)_;__(j-L) > 5.4 mm or the difference (injured ~ uninjured) >
3.0 mm for posterior drawer sign.

1f, oport from o drawer sign, there is rotation, this is called complex
rotation. If the difference between the injured and uninjured joint is
used, the dbove-menticned expressions have to be fulfilled, ond the dis-
plocement of one condyle must exceed that of the other one by a given number
of mm (still in relation to the uninjured knee). In (4) 2 mm were chosen,
as this is equivalent teo the inoccuracy of the measurement.

It is possible also to employ the expressions used so far for simple rot-
ation {(F, G, and H) ond demand that their criticaol level has been exceeded to
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talk dbout rotation in connection with a drawer sign. Then, the critical lev-
els will be 3.0 mm and 3.4 mm in certain cases. They correspond to simple
comparison of condylor movements like thot done in (4).

Whether the higher eritical level used here is to be opplied in the
evaluotion is a matter of estimate, os there is no "normal value" in the
proper sense with which to compare (the nomal subjects did not have a "drawer
sign without cbnormal rotation"). However, it must be reasondble to use the
same criticol level for the terms relating to simple ond complex rotatory in-
stebility.

Case 60:

This patient was odmitted with o fresh haemarthrosis of the knee, and this is
why he was assigned to this group. However, he hod a history of an untrected
posttraumatic haemarthrosis 2 months previously. The operation showed «
fresh injury of the MM which hod been avulsed from the capsule posteriorly
ond from the DMCL and OMCL which were totally ruptured. The MM was dis-
placed into the joint chamber anterior to the mediol femoral condyle,

and it locked the knee. This is the explonation of the dbsence of a drawer
sign. The SMCL ond the LCi were exposed, but beoth proved intact.

Table 8 shows how stress radiogrophy revealed a slight drower sign
when the patient wos exomined with 15° externcl rotation of the foot. From
Fig. 30 it will be seen how it may be imogined that the medial femoral con-
dyle, and thereby on onterior drawer sign, is blocked in the neutral posi-
tion, while external rotation of the foot ond knee con partially loosen this
locking mechanism,

The antero-medial two-thirds to three-quarters of the ACL proved to be
ruptured, and were lying, already atrophic, at the bottem of the joint -
indicating that the cruciate ligament injury must have occurred at the former
trouma two months previously.

The clinician found at odmission positive medial instability and o
positive anterior drawer sign, listed in the respective columns of Table ¢
as TP. In an examinaticn under general ancesthesia both hod been found to
be negative, ond in the calculation of the Pvpos ard Pvneg they were listed
as FN, as the assessment has to be strict ond because they are in contrast
to the clinicion's positive findings. The same cpplies to the stress rodie-
graphic evaluations. The asterisk ot the TN in the last column, however, in-
ard Pvneg in the total matericl, as ol-

s

dicates that in onalysing the Pvpo
ready stated in (5), a negative drower sign at gonylaxometry in the neutral

position is classified as TN, as it hod been demonstrated that in general
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portial ruptures of the cruciote ligoments gove negoative results in onteropos-
terior measurements. The positive finding of an onterior drawer sign in the
externolly rotated position did not alter this clossification which is strict-
ly reserved for measurements with the foot in a neutral position.

Suffice it here to estoblish that the measurement becane positive in ex-
ternal rotation of the foot, presumably indicating onterior instcability after

partiol dabolition of the meniscal bleocking.

Case 81:

Gonylaxometry revecled o slightly dbnormol external rotation on pressure with
the foot in o neutral position {Gn = 4.8). This has not been demonstroated
previously. Operotion disclesed total or proctically totol, rupture of the
AL with o tat, intect synoviok bld posteriorly, possibly contoining
ligament fibres. The "negative anterior drawer sign" (Cn) was presumchly due
to nerve fibres in this synovial fold. Moreover, the cperation showed rup-
ture of the DMCL ond OMCL which hod alse not been demonstrated by the stress
radiography or by the other exaninotions done.

Case 44:

The critical level for anterior drower sign (3.0 mm) was only just exceeded
(Cn = 3.2 mm). On the other hand, the critical level or total antero-
posterior displacement in the n=eutral position (3.0 mm) was clearly exceeded:
En = 5.1 m. This meons o positive anterior drower sign. Gn = -4.1 signi-
fies internal rotation on pressure, In fact, this is relative, aos external
rototion occcurs, but less than in the uninjured knee, presumably because

of inhibitory impulses from the partiacl injury to the iliotibial troct
{avulsed with a smoll chip of bone from Gerdy's tubercle).

Case 65:

This patient exhibited, in the same way, reduced external rotation in the
injured knee on pressure, ond thus o relative intermal rotation (Gn ==5.1
mn). The asterisk in the last column of Tdble 9 signifies the same as in
the previous cases (TN drawer in partial rupture). Operotion revealed par-

tial ACL rupture.

Case 44:
“As in Case 80, it wos not possible to demonstrate o drawer sign in the
neutral position from which the PVpcrs and PVneg were calculoted. The aster-
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isk at TN, at the bottom of the last celumn, indicotes, as in Cose 40, thot
the case was later considered TN, because normally it is not possible to
demonstrate a drower sign in the neutraol position in cases with particl rup-
ture of the ACL. Again in onology with Case 60, the sign was demonstroted
on measurement with the foot in 15° external rotation. There was no injury

to the meniscus.

Case 48
exhibited a fresh injury in the right knee {the injury with which we are now
dealing) and a four-year-old injury to the left knee with persistent in-
stcbility medially as well os anteroposteriorly, the latter morked. This
rendered it difficult to perform the excminations, both the clinical, the
one under ancesthesia, and the gonylaxometry, as o comparison of the two
knees was inopplicable, Instead, each knee had to be assessed separately,
and the findings were then compared with the normal range stated in Addendum
I.

The stress rodiographic measurements ore os follows:

Anterior instability, colculated as the mean of the displecements of
the mediol ond lateral condyle:

right knee (fresh injury): B.6mm > 7.4 mm
left knee (old injury) 15.7 mm > 7.4 mom.
Posterior displaocement, right knee: 4.5 mm < 5.4 mm
laft knee: .5 mm> 5.4 mm.
Total omtercposterior displacement: right 1.1 om > 11,7 mm
left: 25.2 em > 11.7 mm
Rotation on traction ((e-g) - (f-h)), right: 4.2 om < 5.9 nm
left: 4.2 mm < 5.9 mm
Rotation on pressure ((i-e) - (j5-f)), right: -1.4 mm ) within criticol
} limits:
left: 2.4mm ) -1.9- 6.7,

The column of figures on the right constitutes the 97%% confidence limits,
as stated in Addendum I, Tables 19, 29, and 30. A comparison shows that the
right knee exceeds the limits in measurement of the anterior and total dis-
placement. 1In other words, an anterior drower sign has been demonstrated in
the right knee.

As regards the left knee, both on onterior and o posterior drower sign
hove been demonstrated. Rotatory instability was not demonstrable on either

side.
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Figure 30: Case 60: Injury to the left knee. At the +top the knee is shown
from the anterior aspect. There is total rupture of the DMCL

ond OMCL, but no injury to the SMCL. The anteromedial fibres of the ACL are

ruptured in dbout two-thirds of its width, and the frogments are otrophic.



- 185 -
Legend to Fig., 30 contd.

The MM has curled up in front of the medial femoral condyle (hatched and
cross-hatched, the lotter indicating the curled-up posterior part). The
bottom part of the drawing illustrotes this on the left tibio viewed from
cbove, The LM is in situ., The MM is curled-up in front of the contact
area between the mediol tibial condyle and the medicl femoral condyle with
the knee in 90° flexion. The contact area is framed by broken lines and
indicoted by curved hatchirg. Most posteriorly the neutral pesition (foot
straight forward},anteriorly (to the right on the poper) the foot, ond tibie,
in external rotation.

Thot this position of the meniscus should prevent onterior displocement
of the tibio in the neutral position on troction is not directly evident,
as blocking of the medial condylaor movement sets in when on attempt is mode
to press the condyle backward ogainst the femoral comdyle. This is elearly
shown by the figures from the stress rodiography: pressure 30 kp:
posterior instability for the left (injured) knee:

medial condyle (j - f): 1.1 m

for the right medial condyle (j - f): 3.4 mm,
The right and left lateral tibial condyles move equally on pressure, viz. 4.6
ond 4.7 mm.

The explarnation of the blocking on traction lies in rotatory movementis
and is given below:
On traction 30 kp:
the medial condyle moves more on the injured side (7.1 ogaoinst 4.1 mm), ond

so does the loteral tibial condyle (7.7 ogainst 5.8 mm).
However, this is not sufficient for the difference between the mean values
to exceed the critical level of g pesitive drawer sign. Under normol con—
ditions the lateral tibial condyle moves more than the medial one. In
other words, an internal rotation normally occurs, Such a rotation was
inhibited by the curled-up meniscus in front of the medial femorol condyle.
From the bottom drawing on the right, where external rotation hos been per-
formed and traction can be opplied, it will be seen that now the blecking
has been unlocked, and on troction on internal rotation ought to occur: the
loteral tibiol condyle cught to be dble to move porticularly far. And in-
deed it does in this case:
Anterior displocement:
in injured knee: L. loteral condyle: 11.1 mm

L. medial condyle: 7.0 mm
{mean %.1 mm)
in uninjured knee:R. lateral cordyle: 4.2 mm

R. medial c¢ondyle: 3.7 mm
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It will be seen that if comparison between the patient's two knees
had been mode, the right-sided, fresh onterior drower sign would hove been
completely "drowned" in the very marked, old left-sided drower sign.  Thus,
the draower sign was estimated as negative at the clinical exomination,

For the medial and lateral instability the differences between the
right ond left kree are stated (Tdble 8), but they do not exceed ony eriticol
level for medial or lateral inmstobility. Neither do the right or left medial
ornd lateral instdbility measurements when each is compared with normal values.,
Thus, the negative finding is a bit uncertain, as always when using such wide
normal ranges.

It turned out that the stress rodiogrophic arnalysis for drower sign on
the freshly imjured right side wos correct, the cperotion showing total rup-
ture of the ACL superiorly in the fibrous substonce. On the other hond, a
total rupture of the DMCL ond OMCL, extending postericorly intc the postero-
mediol copsule, was not, as olready stated, disclosed by the stress rodio-
graphy. The result is therefore listed as FN in the last but one column of
Table 7.

The findings relaoting to the old injury in the left knee were confirmed
by records borrowed from ancther hospital, but they are not included in the

present analysis.

Case 70:

In the course of a football match this patient was hit by a direct trouma
(kick} on the medial aspect of the knee, while the knee was lifted high from
the ground and 90° flexed. At odmission the patient hod a total peroneal pare
lysis, but with neuropraxia, as operation did not show interruptiom of con-
tinvity in the nerve. There wos total rupture of the ACL ond PCL, the LCL,
the popliteol tendon, the biceps femoris tendon, the posterior and laoteral
capsule, plus partiol rupture of the iliotibial trect ond of the DMCL as
well as the SMCL (of minor extent).

This patient was reported in (4) as a case of combined onterolatercl
complex rotation and posterolateral complex rotation. Anterior and posterior
drawer signs were present (Toble 8, C, D, E). The component of internal rot-
ation on troction, onterolateral instability, is 2.8 mm (Fn), well dbove the
critical level of 2.0 mm from {4) ond a bit below the level of 3.0 mm used
in the present Addendum. On the other hand, the volue for extermol rotation
on pressure (here posterolateral instability) is 1.4 mm, ond this is far below

both levels. Thus, the case can be occepted as onterclaterol complex rota-
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tion, while there is only a hint of a posterclateral rotation - but it is

cbvious that the severity of the injury justifies its presence (Fig. 14).

Case 71

represents the prototype of on injury which causes complex anteromedial
rotatory instability: Total rupture of the ACL, DMCL, OMCL as well as
SMCL.

Case 72:

A viclent trauma with a complicated mechanism. In jumping up while play-
ing volley ball, the patient sustoined dislocation of the right patellaq,

so thot the leg became fixed in on acute-angled flexion. In this position
she fell, hitting the floor with this leg. This increased the dbduction,
ond external rotation of the tibio resuylted. Operation revealed total rup-
ture of the ACL, partial rupture of the PCL, total rupture of the SMCL,
DMCL, ond OMCL, continuing in a tear of the posterior capsule. Throughout
the length of the medial patellar aspect there was a large capsular tear
caused by the patellar dislocation, Furthermore, there wos total ovulsion
of the posterior horn qnd'the entire mediol attaochment of the MM. The latter,
moreover, showed a large bucket-handle injury enveloping the medial femoral
condyle. The last-mentioned injury is held respeonsible for the indbility to
demonstrate o drawer sign or rotatery instability by clinicel examinotion,

exaningtion under generol ancesthesia, or gonylaxometry,

Case 75:

Mild external rototory instability of the injured leg was demonstrated (Fn =
4.2 mm). There wos alsc an increased total ontercposterior mobility, inter-
preted precperatively as on onterier drawer sign, as its major port was
onterior displacement. Operation disclosed total rupture of the ACL and

a very slight, partial rupture of the SMCL on a level with the orticuler
line,

Case 74

exhibited the marked medicl instebility which is seen only in the presence
of rupture of the mediel structures, both cruciote ligaments, ond the pos-
terior copsule (Fig., 14). Indeed, these injuries-were found at operation,
and so was o tear of Robert's ligament which attoches the posterior harn
of the LM to the medial femorol condyle. The SMCL as well as the DMCL and
OMCL were totally ruptured, ond this rupture continued in acgpsular tear
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behind the medial femoral condyle. There were sequelae of o simultanecus
(presumably initial) potellar dislocation, viz. a small asteochondral fracture
on the medial edge of the patella and an osteochondrol fracture on the lateral
femoral condyle as well as total rupture of the medial capsule of the knee
joint along the medial edge of the patella. The injury hod occurred during
water-skiing in an obrupt turn ot high speed, in abduction, external rotation,
and flexion., At gonylaxometry there ocecurred mo rototion during traction
straight forward, and at pressure there was but a hint of internal rotation,
=2.1 mm, posteromedigl instability, proctically all structures giving way,

and proncunced drawer signs oppearing.

Case 78:

There was an increased anterior drawer sign at 15° external rotation of the
foot, of on extent that con be seen only in the presence of a severe injury
to the medial collateral ligoments. According to Slocum and Lorson (1948)
and {4), this may be token to indicate anteromedial instgbility. This was
confirmed by the cperative findings: total rupture of the SMCL, DMCE, as well
as the OMCL, with o posterior copsular rupture ond total rupture of the ACL,
The LM had been torn of f the onterier horn ond along the grecter part of its
circumference (obduction, external rotation, flexion injury in the down-jump

from a smash in badminton).

Case BO:

Unchanged from Table 2 in (é) in which the external rotation was found
(F15ext. = =3.5) and the sign merely indicates the direction of rotation.
Hnls ='5,7 signifies internal rotation, the injured medial compartment
accompanying the movement of external rototion (foot 15° externally rotated)

until stress was applied.

Case 82:

Knee injury in o fall while skiing at high speed on a steep hill, Opera-
tion disclosed subsynovial {introesynovial), partiol rupture of the ACL
{its posterolateral fibres). Total rupture of the SMCL os well as the
DMCL and OMCL, ond capsular teor continving posteriorly. The MM had be-
come detached throughout its circumference ond hod become dislocated into
the joint (it was removed). In the neutral position it was not possible
to demonstrate a drawer sign. It is not known whether the marked drower
sign demonstrated with the foot in 15° external rotation is to be taken as

a sign of external rotatory instobility due to the large medial rupture
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or of a locking mechanism {due to the injured meniscus) being unlocked in ex-

ternal rotation - cf. Case 60 {Fig. 30).

Cose 83:

A pronounced anterior drawer sign onm troction with the foot in 15% external
rotation (C15 ext. = 13.4 mm) was.acccompanied by a slight internal rotation
(Flﬁ ext, 4.1 mm).

The totally ruptvred medial collateral structures would be expected to
permit external rotation. In the presence of the morked anterior displocement
of both condyles in the injured leg, opparent from the calculations below,
it is not possible to explain exactly why the medial condyle was arrested in
its onterior displacement before the loteral one, but the movement is de-
pendent upon the totol remaining copsulor ond ligomentous gpporatus.

F15° ext. = ((e-g) - (F—h))( = {18.9 - 15.4)L -

inj. - uninj.) ~
(3.6 - 4.2)R = 4.1,
This sign of rototion diminishes if the calculation is based upon the values

Qn

for e and f in the "neutral position 907" and the total condylar movemert

is calculated on that basis:
Fn15° ext. ((en - 915) - (Fn - h15))(in. - uninj.) = 3.3 mm,
whereby the critical level is just touched (Addendum I, Table 31).

Cases 88 - 20 incl.
and the obove-mentioned Cases 70 ond 74 exhibited ruptures of the PCL. In yet

another case of rupture of the ACL and PCL the measurement of anteroposterior

displacement was given up becouse of pain, whereas the medicol and laterol
stability could be measured (Cose 74).

Case 86:
In this case a posterior drawer sign and externol rototory instobility
were demonstrated on pressyre, viz. posterclateral rotatory instability and

laterol instability, in conformity with the findings at operation.

Case 87

exhibited only medial instobility and posterior drawer sign in the neutral
position. In this position mo rcritical levels of rotatory instobility were
exceeded. But with the feet 15° egternally rotated there wos a meon an-
terior displacement of the tibial condyles in the injured knee exceeding
that in the uninjured knee by 4.2 mm on traction, the mediol one 2.2 mm
more than the lateral. This must be interpreted as externdl rototion due to
instability of the mediol structures {cf. S5locum and Larson's test)., In
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particulor, it is worth rnoting the dbsence of on onterior drower sign in
the nevtral position. Operotion revealed total rupture of the SMCL, DMCL,
and the PCL.

Cose 88:

In this case gonylaxometry revealed a pronounced total anteroposterior dis-
plocement. As the colculation of onterior displacement as well as of pos-
terior di placement by far exceeded the critical levels, the case was inter-
preted preoperatively as representing both anterior and posterior drower
sign. -

However, operation showed orly rupture of the PCL and of the DMCL ond
OMCL as well as of the fibrous cepsule posteriorly., The SMCL and the ACL
were intact.

On the X-rays it is possible to observe the position of the proximal end
of the tibia on the injured knee os compared with the uninjured one. This
shows that on the injured leg the tibia had become disploced 2.3 mm posteri-
orly alreody in the unstressed, neutrol position. However, this connot
quite plaoce the anterior drawer sign below the critical level,

At clinical examination and at examination under general oncesthesia
toa there was doubt dbout the direction or directions of the drower sign,
but all exeminotions definitely indiccoted cperation.

The pressure procedure resulted in externol rotation of the injured knee
Gn = 5.9 mm. The explanation may be: Since the SMCL as well as the LCL were
intact, it haod to be the, also intact, ACL which determined the direction of
rotation.

This ligament slackens when the tibia is posterclaterally pressed, but
tightens when the tibio is posteromediolly pressed in relotion to the femoral
condyles. This must favour o posterior movement of the laterol tibial con-
dyle ond thus on externcl rotatien (Fig. 31). It must be borne in mind, how-
ever, that this rototion is determined by o complicated interoction of intoct
and injured structures. For instance, the intoct SMCL contributed to pre-
venting the internal rotation shown in o extreme exomple in the middle situ-

ation in Fig, 31,

Case 87

is illustroted in Fig. 5 in (&) as a representative of posteromedial complex
rotatory instability. This can be confirmed by cclcuiation using the for-
mulce set up here: Gn = -4.46 mm, signifying internal rotation on pressure.
At the same time, there is o posterior drawer sign of 6.2 mm. This is fully
compatible with the injury,cf. Tdble 9.
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Figure 31: Diogram of the right knee viewed from cbove. The tibial plateau

is indicated by o solid line, the femur by broken lines. At the
top the knee joint in its normal position. The medial collateral ligament
(med.} is shoded, and s¢ is the loteral cclloterol ligament {lat.). The ori-
gin ad insertion of the ACL are indicated on dll three drowings, shoded on
the two ot the bottom, connected with the ligoment fibres on that at the top.
The insertion of the PCL on the posterior intercondylar area on the tibia is
black. The latter ligement is ruptured in this case (Case 88), so that
no further regard is paid to it. It may be seen how the distance between the
origin of the ACL on the lateral femoral condyle and the insertion on the
onterior intercondylar area on the tibia lengthens on ottempts at internal
rotation (middle) and shartens on externdl rotation, both in connection with
o posterior drawer sign, permitted by the ruptured PCL. Thus, both the SMCL
and the ACL prevent internd rotation ond permit o complex externdl rotation
on pressure.
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Case %0
showed on gonyloxometry only o posterior drower sign, ond operation disclesed
total rupture of the PCL and the posterior joint capsule.

On the X-ray films there is o smoll bone chip onteriorly, medially on
the tibia ot the site of the digital impression of the areo intercondylaris
anterior where the onterior horn of the MM is attoched. The bone chip is
evidently o shearing frocture, there being correspondingly, far anteriorly on
the medial femoral condyle, an impression frocture. All the findings suggest
a hyperextension trouma, cf. Fig. 15 which also shows the posterior drawer

sign.

Summary: Cases 60 - 90, ond Addition

In general, an onterior drawer sign in the neutrol position is not demonstrable
in partial rypture of the ACL (Cases 42, 65, 44, 79, ond Bl) or in intraosyn-
oviol rupture (Cases 41 ond 84). Radiclogical demonstration of these types

of ruptures can hardly be expected either, and this is indicoted in the colum
concerned by TN below the FN used for calculoting the predictive values

among the fresh ruptures. TN+ is used in the subsequent total calculation in
{5}. In ore instonce, Case 88, it wos difficult to interpret the directieon

of an otherwise striking drawer sign, since injury to the PCL evidently dis-

ploces the tibio backwards, also in the "neutral resting position". This
gave rise to o false anterior drower sigm on troction.

Posterior drawer signs were found in 7 cases: Nos. 70, 76, 84, 87, 88,
89, and 90. In an odditional cose with total rupture of the ACL aos well as
PCL the measurements were given up because of pain {Case 74). In Case 72,
who hod partial rupture of the PCL ond totol rupture of the ACL, the ontero-
posterior displocement was blocked by a bucket-handle injury of the medial
meniscus,

In the present study, the difference between the injured ond uninjured
knee wos always used. Concerning ¢ comporison with other materiols, how-
ever, it must be mentioned that the highest value for anterior drower sign
in the neutrol position measured in the present moterial, without deduction
of the value for the uninjured knee, was 17.2 mm ond for the medial condyle
18,2 mm (Case 71). Expressed in the same way, the greatest posterior drower
sign meosured was 21.3 mm, in Case 76 who also exhibited g total anteropas-
terior mobility of 34.é mm, having simultoneously an anterior drower sign
of 15.3 mm. He alsc exhibited the maximum medial instdbility of the whole
group, viz. 29.% mm. Cose 70 hod the greatest unilaterolly measured lateral
instability, 27.8 mm.
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Figure 32: Diagram showing stress rodiogrophically measured instabilities in

group 1. Differences between injured and uninjured knee. Medial
collateral instability: Columns above the oaxis of the obscissa, loteral instab-
ility: columns below the axis, onterior displacement or drawer sign as an x
above the axis, ond posterior drower sign as on x below the axis (volues below
the axis are thus alseo positive). Every column and cross show measurements on
one patient, the patient number being shown on the abscissa. The relationship
between marked medial/lateral instobilities ond drawer signs in this group is
evident. (From Acto orthop. Scand. 48, 301-310, 1977).
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Antercmedial complex rotatory instdbility wos demonstrated in eight cases
(Cases 71, 75, 78, 80, 82, 83, 84, B85}, posteromedial complex rotatory in-
stobility urmistdkably in only one patient (Cose 8?) (aond with less strict
demands in Cases 76 and 87), posterclateral complex rotatory instdbility in

Case B4, ond onterclaoteral complex rotatory instobility in Case 70.
In two patients, Cases 61 and 88, pressure caused on external rotation

which could only be classified with some uncertainty., As also shown on Fig.

31, the gquestion of rotation is o more complicoted one, as the movements of
the joint on troction ond pressure are guided by a great rumber of compon-
ents, some of which are injured.

Possibly, the opproach would be simplified, alsc in the case of complex
rotations, if the examination were carried out under general ancesthesia, as
in that event any cctive or reflex muscular guidance would be completely elim-
inated. But even though cll the present clinical cases do not oppear to be
explicable with equal ease, it must primarily be established that it proved
possible to demonstrote these rotations objectively and measurdably and to

give a satisfactory explanation of the majority.

Patient Group 2. Injuries Sustoined 15 Doys to 3 Months Previously
These potients made up the smallest group (26 knee joints)} and also the least

valudble one, portly because it is too small for a separate stotistical ana-
lysis and portly because a comparison of the results of the measurements with
the injuries blurred by scar tissue cuan only be accepted with reserve. More-
over, some patients had a history of even older krnee injuries.

During this phase the patients still hod pain ond tenderness at the site
of the injured tissue, so thot local angesthesia hod to be applied in the
stress radiographic examinotion. Nevertheless there occurred, us in group 1,
musculor defence reaction during examination for ontercposterior disploce-
ment (Coses 94, 98, 114).

The first seven cases of group 2, Cases 9! - %7, hod no measurable
medial /lateral instability or drower sign on gonylaxometry, in accordonce
with the findings under general agnoesthesia. The operotive findings were,
as shown in Table 11, in one case a loose body in the knee, in three men-
iscal injuries, ond in two cases sconty cicatriciol tissue left by small
ruptures of the collateral ligaments. The findings at clinicol examination
in these caoses differed o great deal from those of the other two diogrostic
procedures - ond from the operative findings as well. This waos chorocter-

istic of group 2 as a whole, The clinical examiner hod dif ficulty in decid-
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Figure 33: Stress rodiographically measured instobilities in group 2.
No lateral or posterior instcbilities in this group.
(From Acta orthop. Scand. 48, 301-310, 1977).
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ing whether o rotation factor was involved, both when examining for the
drawer sign ond for medial/loteral instability,

In cases with fairly old and old injuries it is difficult to distinguish
at operation the structures which hove been injured, and especially to what
degree. Therefore, it is difficult olso to use the operative findings as a
basis for assessment concerning the various forms of imstability. In columns
6, 7, 8, and ? in Tables 11 ond 13, therefore, it is stated from Case 105 aond
onwards only that the finding was positive, P, or negative, N. Evoluation of
the Pvpos ond Pvneg for the total moterial of patients was performed enly
for the gonylaxometric findings of medial/lateral imstcbility and anteroposte-
rior instability. In groups 2 and 3, unlike group 1, no comparison was made
with the manual, clinical assessment, or the assessment under general ances-
thesia.

In the following 19 cases different degrees of medial instdbility were
inj. - cuninj. =
7.3 mm or {nj. 17.2 mm. Accordingly, there was ot operation cicatricial
tissue, of foirly loose or firmer consistemcy, in the collateral ligaments.

There were no cases of injuries to the LOL or to the PCL. Alse no

found at stress rodiographic measurement, but at most A = ¢

cases of false positive or false negative measurements of medigl instdbility.
Four cases with peratively confirmed partial ruptures of the
ACL (Cases 110, 111, 112, 114} had no measurchle drawer signs. This occords
with the examination under gemerol onaesthesia, while a clinical exominer
(not the author) could easily find o positive drower sign in one of these
cases (Case 110, Table 11), All proved tohave rupture of the posterolateral
fibres of the ligoment, so that o demonstration of drawer sign ot gonylaxo-

metry could not even be expected - cf. (5) "Discussien" {pp. 308 - 309).

Case 105:

Subsyrovially in the ACL there wos on areac with firm scar tissue, but no vis-
ible elongation or thinning of the ligoment. Stress rodiogrophy did not show
a drower sign, the difference from the vninjured knee being 0.9 mm. At in-
creasing external rototion of the foot, however,lthere was a continuously in-

creasing anterior displocement: CISO ext. = 3.7 mm ard C30° ext. = 6.6 mm,

This may signify a drawer sign, but sconer the form of external rototion de-
scribed by Slocum ond Larson (19¢8) and demonstrated in the position of the
foot described by them as a sign of mediol collateral ligament instability.
And indeed, it was found to be so (A = 4.5 mm). Operation showed, opart
from the adbove-mentioned special injury to the ACL, scar tissue in the DMCL
as well as SMCL.
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Only 3 cases exhibited total rupture of the cruciate ligaments (Coses
113, 115, 116). At stress rodiogrophy a positive drawer sign was found in
the neutral position in Cases 113 ond 116 ond not until in 15° external roto-
tion of the foot in Case 115. Therefore, the lotter case was clossified as
FN in analysing the predictive value. However, it may represent onterior
drewer sign. It may olso represent external rotatoryinstability (Slocum ond
lLorson type) - which was indeed demonstrated also by the formula: F15o oxt. =
3.1 mm. The most pronounced anterior drawer sign, in Case 114, amounted to
11.8 mm in the nevtral position, without subtroction of the measuring result

for the contralateral knee.

Rotatery Instability in Group 2;:
Simple rotatery instdbility was found in seven cases. In four of them simple
external rototory instability could be demonstrated by the method of Slocum
ond Larsen. As stated in (&), this finding is a sign of insufficiency of
the medial collateral ligaments. When the patient is examined with 90° flexed
knee the injured knee must not be forward displaced on troction when the
foot is in the neutral position, but must be forward displaced when the foot
is in 15° external rotation (or more) ond mointained in that position. This
was found in Cases 101, 105, 104, 107.

Simple rototory instobility was demonstrated in the neutral position
in three cases, Nos. 95, 108, ond 114:

Case 95:
G = -4.5 mm, which meons internal rotation on pressure, ond H , .0 =

n nl5" axt.
-7.3 mm, meoning pronounced external rotation with rotated feoot. Both find-
ings consistently indicate injury to the medial colloteral ligements, Oper-
aticn showed rmo injury to the cruciate ligaments, but also no fresh injury to
the medial ligaments. The instdbility must be derived from an injury to the

last-mentiored ligoments in o trouma sustoined cne year previously,

Case 108

exhibited internal rotation, Fn = 3,2 mm. The rototion was a true one, the
injured knee having the value 4.9 wmm for rotation on traction and the unin-
jured kree 1.0 mm. The operotion showed scar tissuve of relatively soft

consistency on o level with the articular lire, in the DMCL os well as SMCL.

Cose 114

showed on pressure internal rotation, Gn = ~4.4 mm,
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Two cases of complex anteromedial instability were discovered, Cases
155 and 114. They have been described previously in (4). However, Case 114
only just touches the critical leval for F15° ext.

Group 3: Potients with Injuries Older Than 3 Months

In these patients there is no pain reoction during the measurements which thus

con be performed, without using local anaesthetics, on completely relaxed
knees. Therefore, entirely correct instability measurements may be expected.
One meniscal locking was observed in this group.

The most remarkoble finding is that in such old injuries the medial/lat-
eral instobility is quite modest. In 23 out of 37 cases (42%) the medial
instebility was below the critical upper limit of 2 nm. On the other hand,
rotatory instability of some farm or other was found in 1} of these 23 cases:
121, 124, 127, 129, 130, 133, 137, 139, 140, 141, 151 (vide infra). In 22 of
these 23 cases subsequent operation showed no sequelae ot all of rupture of
the medial collateral ligamentous apparatus. All the others, with medial in-
stobilities between 2.1 and 4.4 mm (before subtroctien of the vaolue for the
vninjured knee: 13.4 mm in Case 125, 14.% mm in Case 123), showed changes

in the form of firm or somewhot looser scar tissue.

Three patients of this group hod been odmitted for instability in the
loteral port of the joint. In Case 121 the volue for lateral instability
was B = 1.9 mm, i.e. not exceeding the critical level. On the other hond,

the Fn value was 3.1 mm, viz. pesitive, meoning internd rototion on troction.

The proncunced forward movement of the lateral condyle in the injured knee
on troction (4.4 mm as compored with 1.5 mm of the medial condyle) was the
reason why the critical level for totol anteroposterior displocement was
exceeded. Even before the operation, this was realized, and the result hod
been interpreted as a purely rotatory movement indicoting a lateral injury.
Operation revealed mormal cruciate ligoments, dbsence of the LM, ond loose
scar tissue at the insertion of the LCL on the lateral femoral epicondyle.
The original injury 4 years previously had been treated immmediately by
laterol meniscectomy elsewhere. In other words, an exomple of simple lateraol
rotatory instobility.

Case 124:
Special views of the right knee joint showed an old depression fracture of
the right loteral tibial condyle. 1In stress rodiogrophy it coused very morked

lateral instobility, B = 6.0 mm, but ofter correcting for the frocture there
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Figure 34: Stress radiographically measured instabilities im group 3.
Naote: In these old injuries the medial/luteral instability

is rather slight, even in the presence of major drawer signs.

(From Acta orthop. Scond. 48, 301 - 310, 1977).
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was no difference between the sides on a—p views in odduction, B = 0.1 mm.
The values for anteropesterior instability, C% ond C15° ext. {Table 12) showed
a drawer sign. However, this was due primerily to a very morked onterior dis-
plocement of the loteral tibial condyle on traction in the nevtral position:
onterior displacement (injured - uninjured) of the latercl tibial condyle:
8.4 mm, of the medial condyle:2.4 mm.

The terms Fn ond FnlSO ext.

while Gn signifies internol rototion on pressure. Operction reveoled the

show marked internal rototicn on traction,

named depression frocture of the lateral tibicl condyle of wide extent, but
no injuries to ligoments or menisci. Preoperotively too, the measurement

had been interpreted os rototory instability. This case is interesting in

elucidoting how loss of substance in the condyles may give rise to pronounced

instability in several planes.

Case 125:

Table 12, listing the results of the measurements, shows only medial instaobi-
lity and a total anteroposterior displacement on traction ad pressure in the
neytral position exceeding the normal critical level. This case is best elu-

cidated when regarding the displacements separately (injured - uninjured):

Ant. displ. lat. condyle: 1.9 mm
Ant. displ. med. condyle: 3.0 mm
Post, displ. lat. condyle: 0.5 mm
Post. displ. med. condyle: 3.0 mm

Ant. drawer: (2.5 = neg.)

Post. drawer: (1.8 = neg.)

Total ant.post. displ. lat. condyle 2.4 mm

Total ant.post. displ. med. condyle: 6.0 mm

In other words, it is the displacement of the medial condyle which pre-
dominates and at the same time couses the high E, value. This case wos de-
picted as Fig. 4 in (6)}. Considering the high criticol levels fixed for
rotation in Addenda I and II, the critical levels have not been exceeded in

this case.

Case 124 ‘

is the only one of group 3 which exhibited any significant laterol instabili-
ty (using the rounded-off critical levels defined in the thesis). At opera-
tion the LCL was found to be lax, but intoct, ond it was not possible to loc-
ate the site of the previous rupture. Both crucicte ligaments were intact.

No rotatory instability was demonstroted.
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Case 127,

in which rototory instability hod not been recognized previocusly, exhibited
with the new methods of calculation a morked externcl rototory inmstability
on troction in the reutral position: Fn = -4.8 mm. Operation disclosed that
the MM had been torn in its entire circumference, being attached only at the
anterior and posterior horns. The entire meniscus was 180° turned aond dis-
located into the intercondylor fossa, curled up. Evidently, it hod been
lying like that for a long time, as it preserved its curled-up shope ofter
removal. The ACL appeared somewhat thinner than normal, but otherwise

there were ne ligament dbnormalities, In this case, then, the method demon-
strated simple externol rotatory inmstcbility due to the meniscus being torn
from its anchoring ond adjocent medial structures {the DMCL, the OMCL, ond
the pdsteromediol capsule). Owing to the long interval from the trouma,
however, it is not possible to tell whether some of these structures have
been ruptured ond hove heoled with elongation, but lateral/medial instability

was not demonstrated.

Anterior instability was demonstrated in 22 of 23 cases in the form of

TP anterior drawer signs from Cases 128 - 151. In one FN case, Neo. 135,

onterior displocement during tractiom was prevented by locking of the loter-
ol condyles in the injured knee caused by an injury to the LM. The meniscus
had been torn loose ot the posterior horn od had curled in anterior to the
femoral condyle. A drower sign could also not be demonstrated on examination
under general anaesthesia, The MM ond PCL were normal, but the ACL was ab-
sent. There was o smoll, fresh teor in the SMCL.

Furthermore, gonylaxometry showed one FP drawer sign within this group,

viz.:

Case 143:

This patient exhibited an anterior drawer sign of 5.0 mm, measured as the
difference from the uninjured knee. However, when measured in relaticn to
the upper critical level, defined as the 97%% upper confidence limit for
normal knees separately, the excess is only 0.2 mm. Using this, less accu-
rate criticol level, ond measuring in whole mm, would not have assigned this
cose to an cbnormal greup. However, it had a clinically definite anterior
drawer sign,determined by two different exominers, and this sign also proved
positive ot examination under general anaesthesia. It is beyond doubt,
therefore, that the measuremert, and the findings of the other examination,

must be considered FP, as operation did not show injury to either cruciate
ligament.
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Histery: Two years previously, the potient hod sustained on dbduction
trauma. While he was digging a ditch his leg got squeezed by the fore part
of a tractor. The present author did on operation upon the patient at that
time, suturing the mediol collateral ligoment. There were no injuries to
the cruciate ligaments or menisci. There exists o thorough record, of the
same type as in the present exomination, but the first operotion is not in-
cluded in the present analysis, as the stress rodiological measurements hod
not been started then. In other words, this paotient is not represented as
a "duplicoate case”. He was re-admitted 2 years loter for evaluation, since
af ter transient improvement and short-losting resumption of work he hod de-
veloped increasing poin in the kree, felt it wos unstable, ond wos undble to
work. There hod been no intermediote trauma. At re-admission there was no
medial or loteral inmstability, but o difference in quodriceps circumference
between the injured and uninjured leg of 2 cm and a 3 cm atrophy of the in-
jured leg {and 1 cm on the yninjured leg) as compared with the measurement
at the former admission to hospital. On the injured limb there was also
oedema of the lower leg, ond rodiclogically visible, maorked decolcification
of the bones os compared with the controloterol leg - as seen in reflex dys-
trophy in the upper limbs, In spite of this cppearonce, we did rot rest con-
tent with this diogrnesis ond performed on exploratery arthrotomy which showed
completely normol-loocking, thick, strong cruciate ligements which, however,
oppeared to be too lax, and so did the joint capsule appeor to be (had been
distended by repecied episodes of hydrarthrosis). The merisci ond articular

cartiloge were also normal.

Apart from these two remarkcble cases {one FN and one FP), ¢ showed
drawer signs between 3.2 ond 5 mm.  Two of them were less thaon 3.5 mm, but
in one of these cases there was only a partial rupture of the anterior cru-
cigte ligoment. Another case of partiol rupture of the onterior cruciate
ligoment had on anterior displocement of 4.7 mm.

The greotest value of an anterior drawer sign, calculoted without sub-
tracting the value for the uminjured knee, is 21.0 mm {ronge 4.3 - 21.0 mm).
A total a-p instability of 23.8 mm was found in Case 148. The corresponding
mean values in this group of patients with injury to the ACL were 11.1 and
14.8 mm. The posterior drawer sign (without substroction of the value for
the uninjured knee) was most marked in Case 152: 12.6 mm (total antero-
posterior instobility = 19.3 mm). These calculations were performed in

order to endble comporison with the materials published by others.
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Thus, the findings concerning the mognitude of the anterior drawer sign
are considerably more varied thon reported by previous authors. With refer-
ence to the discussion in the present survey, however, it must be mentioned
thot several workers have found a free interval between a normal knee and a
knee with o drower sign, so that a definite distinction could be made between
normal ond cbnormol findings. This is in conflict with the cbove-mentioned
findings in the present study which showed the even transition between normal
ond dbnormal volues which ore generally found in biological materials, Con-
flicting findings by others must be due to ¢ pronounced selection of their

materials.

There were two coses of rupture of the posterior cruciote ligament,
both total (Cases 152 and 153). The drawer signs were demonstrated by all

three diognostic procedures.

Rototory Findings in Group 3:

In addition to the cases olready mentioned, viz. 121, 124, 125, ond 127,
the group contains yet another cose of simple rotatory instability, Case
120 which showed mild medial instdbility and external rotatien on troc-
tion.

Complex anteromedial rotatory instability was found inm ten coses: 129,
130, 133, 137, 139, 140, 141, 148, 150, and I51.

Case 129
exhibited on onterior drawer sign ond external rotation on troction in

the neutral position (Fn = -3.9).

Case 130:
The same findings, cf. Table 12. In this caose there wos alse a fresh in-

jury to the medial meniscus.

Case 133
hod o marked onterior drawer sign and external rotation of the tibia on

troction. No medial instability. The medial meniscus of this knee hod pre-

viously been removed.
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Caose 137
also exhibited, on stress rodiography, both an anterior drawer sign ond ex-
ternal rotation on traction. It was, moreover, close to the critical level
for internal rotation on pressyre. All these findings indicate anteromedial

instability. In this case there was no meniscal injury.

Cases 139 and 141
also showed onteromedial complex rotatory instability with injury to the

medial meniscus.

Case 140

was found to have an anterior drower sign in all stress radiographic position:
Rotatory instability manifested itself first as external rotation in the
position in which the foot is maintained in 15% external rotation during

pressure: G15° ext. = 5.4 mm [critical level 3.4 mm}.

Case 148:
In oddition to pronounced enterior drawer sign in various positions an in-
ternal rotation was found, the foot being rotated 30° internally, without

troction or pressvre: Hn30° = 4, émm {positive in internal rotation),

critical level dbout 3.0 mm ?:;éendum 1, Table 32, bottom). This ought to
predispose to g positive external rotation on traction in this position of
the foot, but F300 int. = -2,7 mm did rot exceed the critical value, although
o tendency to external rototion (negative sign) was present. The explanation
may be that the ACL wos ubsent, which tends to imternal rotation {the reverse

sitvation to that en Fig. 31). Medial meniscectomy hod previously been per-
formed on this knee,

Case 150

showed onterior drawer sign in three positions as well as dbrnormal external

rotation in the injured knee on 30° external rotation of the foot: Hn300 ext.
= =5,3 mm. This rotation was abolished on forward troction in the some posi-
tion of the foot: F,.o o= 5.9 mm. It will be seen that both values are

307 ext
of opproximotely the some size, but with opposite signs.

Case 151

exhibited on anterior drower sign, intermol rotation on troction (Fn), and
external rototion on pressure (Gn), explicdble by an clmost total rupture
of the LM (plus total rupture of the ACL ond previous excision of the MM).
The LM was torn of f posteriorly ond along its circumference, attoching only

anteriorly ond folded into the intercondylor fossa.
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Case 152:

Qut of the total anteroposterior displocement, En, the posterior drawer sign,
Dn’ made up by far the greater port. It is reasondble to assume, therefore,
that the total value of En is due to a posterior drawer sign, olso becouse:

€ins ” €uning =1.4
nj uninj,

Finj. - funinj. = 3.4 mm

so that the tibial condyles of the injured knee haod, already before the
measurement, become 2.4 mm depressed os compored with those of the uninjured
knee, Operation also could not demonstrate g fresh or a previous injury to
the ACL. Let it be odded, however, that ot the time of operation ¢ months
hod elopsed since the trouma. The PCL wos totolly ruptured.

Case 153,

in which there is no doubt thot the entire ontercposterior displocement was
due to o posterior drawer sign, is mentioned merely because the patient
hod previously sustained o troume to the other knee. Therefore, the medial
ad loterol instobility wos compored with the critical level for total ex-
cursions in one knee ~ and these levels were exceeded for both - but not by
particularly high volues. Rotatoery instability could mot be demonstrated.

Rotatory Instability in the Total Series

Simple Medial Rototory Instcbility
was found in a total of 23 cases: 1, 2, 16, 22, 2B, 353, 38, 39, 43, 45, 49,
52, 54, %5, 96, 101, 105, 104, 107, 108, 114, 120, ond 127.

Simple Loteral Rotatory Instability:
Two cases, 121 and 124,

Complex Anteromediol Instebility:
Twenty caoses, 71, 75, 78, 80, 82, 83, 84, 85, 115, 114, 129, 130, 133, 137,
139, 140, 141, 148, 150, aond 151.

Complex Anterolateral Instability:
Case 70.

Complex Posteromedial Instability:
Cases 76 and 8% (87).
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Complex Postercloterol Instobility:
Case 84 (70).

Rotation on Rotation of the Fool:
A totol of six patients {Caoses 43, 49, 52, 95, 148, aond 150) exhibited db-

normal rototion on rotation of the foot alone, without traction or pressure.

In one case the rotation increased on traction (Case 43), while in the others
the new critical levels were not exceeded or else the knee joint rototed back
to its normal position when a force was opplied. The small change as com-
pored with (4) is due to the slightly altered critical levels.

Non-classified Rotations:

Cases &1 and 88 (external rotation on pressure), cf. Summary for Cases 40
- %0.
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SUMMARY

A totol of 51 (or 53) coses of rotatory instability. This occords with (&},
but o few caoses have been omitted becaouse of the new, higher criticol levels,
while o few new ones have been odded by means of the golgebraic formulae which

have now been introducad.

Relation of Trouma Mechanism to the Instdbility Findings
It wos previously established {5) that the forms of instability cbserved,
in particular medial/lateral instability and onteroposterior instobility,

were in conformity with the injuries found. The rotatory findings too

have been largely consistent with what could be expected in association

with the injuries. Particulor attention should be devoted to the role of

the meniscus in rotatory stability (cf. Case 127 and others). If the mechan-
ism of the trouma can be elucidated, it ought to be possible to record con-

formity between its direction and the form of resulting instdbility.

As apparent from the tables, this wos attempted by questioning the po-
tients regarding the mechanism of the trauma, ond the mest useful informa-
tion was cbtained from patientswith fresh injuries omd with sports injuries,
For skiing and faotball they dre quite charccteristic, and lorgely of the
some type. Abduction ond externcl rototion as well as o degree of flexion
up to o fully extended knee constituted the most commorn mechanism of trauma.
Therefore, stress rodiography reveoled most cases with a component of db-
normal external rotation. This was demonstroted in the course of the examin-
otion by externally rotating the foot only, by exerting troction only, or by
traction in the externally rotated position in 32 coses (I, 2, 28, 139, 43,
4%, 52, 70, 71, 75, 78, 80, 83, B4, B85, 84, 87, 95, 101, 105, 104, 107, 115,
116, 120, 129, 130, 133, 137, 139, 141, 150). Internal rotation on pressure
was demonstrated in ¢ cases (14, 22, 35, 38, 45, 54, 76, 96, 114). On re-
viewing the findings, however, it would appear that the dbduction component
was more pronounced in these last-mentioned troumas thon was the externol
rotation (Cases 35, 38, 54, 114). Case 78 hod so severe an injury thot many
instability pattemswere naturally found ot the measurement. Cose 96 connot
be distinguished from the 32 cases mentioned dbove as for as the mechanism of
the trouma was concerned.

The study dees not appear to show any regulority as to when the medial
ligaments alone rupture in the abduction-external retatiom troumas and when

the ACL also ruptures. When considering the most relidble reports, in Coses
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1 - 90, the type of trauma has usuvally been the same, but with a varying de-
gree of flexion in the knee. The resuwlting injury presumably depends upon
when the trouma stops, meoning when the muscular deferce reaction sets in

or the inertic of the trouma has been dbsorbed., In extremely viclent troumas
the PCL also ruptures, as seen in group 1l of this series. The injuries in
Case 90 (rupture of the posterior capsule and PCL) were presumcbly produced
by a pure hyperextension trauma, as indicated by the simultanecus bone in-
juries. This mechanism is in ogreement with the codaver experiments of
Kennedy et al. (1974), In Case 90 the energy at the trouma had been cbsorbed
before the ACL olso ruptured, ond before o téndency to dislocation of the knee
set in. The force has been cbsorbed through compression fractures in the sub-
chondral cancellous bone of the mediol condyles. The axial force in the longi
tudinol direction of the thigh, cf. Polmer (1938, pp. 42-44) has been quite
strong.

Kennedy et al. (1974) report that especially in internal rototion troumaos
of the tibia in relation to the femur, they have seen 7 coses of isclated
rupture of the ACL. This could not be confimmed in the present material in
which there were only four cases in which an interncl rotation component was
included in the mechanism of trauma. In these cases the injuries were: LM
injury in Case 10, partial rupture of the LCL in Case 5%, and injury to both
these structures in Cases 121 and 124. In the first-mentioned case there was
also on extension foctor, in the remaining three a flexion factor. Other
combinations of torces ond degrees of flexion have evidently been present in

the materiol of Kennedy et ql.

Operoted, but Not Stress Rodiogrephically Examined Patients During the

5tudy Period
During the study period four potients with major injuries were not subjected

to gonylaoxometry ond are therefore not included in the material:

P.M., 18 12 52, a 2l-yeor-old man, because of ossocicted fractures of
the thigh ond lower leg. Operation on the knee revecled total rupture of the
PCL.

B.L.B., 08 0l 44, a 30-year-old mon, becouse of onterior dislecation of
the knee joint which required immediate operation. Operotive diognoses:
Totol ruptures of the AL aond LCL, iliotibiacl troct, tendon of the biceps
muscle, ond posterior capsule of the left knee. .

E.E.B.J., 14 01 29, a 45-year-old woman, becouse»of a frocture of the

intercondylar eminence which was interpreted as a contra-indication to gon-
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ylaxometry, as further displocement of the frocture was feared. Operative
diognoses: Total rupture of the ACL as well as the DMCL and SMCL.

A.L.H., 15 04 55, a 1%-year-old man with rodiolegical evidence of
avulsion of bone from the internal aspect of the lteral femeral condyle.
Stress rodiographic examination was felt to be contrao-indicated for fear of
further displocement of the frogment or destruction of possible remaining
ports of the ligament, as the diognosis could be made already on the basis
of the conventional rodiography. Operative findings: Total tear of the
AL with o frogment of bone from the origin at the femoral condyle.

From this is apporent what were considered contra-indications to the

exaninat ion:

1. Conditions requiring hyperacute treatment and thereafter rest. These
are conditions in which the popliteal artery is threatened, and perhaps
injured {e.g. dislocation of the knee).

2. Complicoting major froctures of the thigh,lower leg, pelvis, or other
sites.

3. Introorticular froctures of the knee which are feared to be oggravated
by the examinotion.

4. Conditions in which a diognosis of ligoment rupture has been estdblished
by conventionol rodicgrophy, e.g. chips of bone avulsed from the sites
of origin or insertion of the cruciate ligoments, as in that case oggrov-
ation of the injury may be feared during the exominotion.

5. Life-threatening conditions which must have preference over orthopoedic

treatment.

We did not feel the examination wos contra-indicoted in the only case
in which there was a question of a peroneal nerve palsy (neuroproxia) (Case
70), but it is a matter of discussion whether it ought in future be included

anong the contro-indications.

Basis for Selection of Calculation Programes and Choice of Stondard Procedure

The evaluation which is the aim now is not an evaluation of the stress rodio-
graphic method as o whole. En route we have olready done several evoluations
of the -method, e.g. of the force oction upon the knee joint, X-ray projections,
magnificaotion on the X-ray films, inaccurocy of the'measureﬁent, interpretao-
tion of rotatory findings, ond the diognostic cbility of the method clinically,
in the form of vaos and Pvneg'
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Here it will be endeavoured to evaluate which of the many modes of cal-
culation of the various forms of instdbility are most odvantogeous.

Such a selection of calculation programmes is practicdble only on the
basis of the presuppositions mode: How many exposures are felt to be suit-
able, how great an occuracy is wanted in order to cover oll possibilities
of instability findimg. It must be mentioned thot all the calculation me-
thods have separately contributed positive findings which would otherwise
have escaped detection. These are in particular various forms of rotatory
instability which hove been divulged by means of the formuloe introduced in
this Addendum.

On the other hand, the large register of formulae - and as presupposi-
tions for them a number of differemt positions of the foot during the later-
al exposure - requires quite a large number of X~ray exposures of each person
if oll calculations are te be included in a standord set of formulae. For
research purposes the projections and sets of fermuloe which seem most suit-
able have to be selected.

In selecting o standard method there can be no doubt that formula sets
A and B as well as C, D, ondE, F, ond G (Table 1) ought to be used.
They are the ordinary exposures for medial/lateral instability, of anteropos-
terior displacement in the neutrcl position of the foot, o total of 8 ex-
posures. The last two sets of formulae, Fn and Gn' concern rotation.

By this, most simple solution (8 X-ray exposures) 35 of the 53 cases
of rotatory instability (46%) were detected, viz. Cases 1, 2, 22, 28, 35,
38, 45, 49, 54, 61, 70, (70}, 71, 75, 74, B4, B5, Bé, 88, BY, 95, 96, 108, li
120, 121, 124, 127, 129, 130, 133, 137, 13%, 141, 151.

If 2 odditionol exposures are mode of each knee, i.e. a total of 12

exposures, adding an exposure with 15° externally rotated foot both with-

oyt opplying force and with 30 kp troction, Flﬁ' C15’ HnlS’ and Fn15 can also
be calculated, By calculating F15 it wos possible to detect 5 odditional
cases of rotation, viz. Coses 39, 80, B3, 107, ond 115, Furthermore, C15

_leqe - 91y + (Fie = hyed
"= = 2 = L =(inj. - uninj.) con be calculoted.

This test is used os a stress rodiographic counterport of Slocum and
Larson's clinical test (1968) and indicates instdbility of the structures
on the medial aspect of the knee ond a resulting external rotatery insto-
bility, unless both condyles move extremely much, In that case it must be
interpreted as a sign of complex anteromedial instability. An incresse in
on alreody positive Cn (F15 >Cn) under these conditions invaricbly meons
the presence of medial rototory instcbility - in other words complex antero-

medicl rotatory instability.
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The highest C15 valve found without associated rupture of the cruciate
ligaments and due exclusively to injury of fecting the medinl structures, was
Cl5 = 5.6 mm (Cose 10l). Another 4 of the rototory instcbilities were based
upon calculation of the C15 - Cases 78, 82, 87, 101, 105, 104.

H,15¢
on the basis of the 12 stress radiographic exposures. This meant another
three positive rototion findings (Cases 43, 52, ond 116). Thus, by meons of
this number of exposures ond the appurtenont calculetions, it was possible
to ascertain 49 of the 53 rototion findings. This is 92% (9% confiderce
limits B2 - 98%) of the rototion findings.

As exposures during pressure in a 15° externally rotated position af-
forded anly one odditiomal positive result (Case 140), and since it requires

i.e. rotation without any force opplied, can also be calculated

2 further exposures, this extension of the examination can be omitted, A
complete exomination in 307 externally rotated position of the foot offord-

ed one odditional positive rotation Finding (Case 150), but requires & fur-
ther expesures. In my opinien, therefore, this extension of the method can
also be omitted. Examination in 30° internally rototed foot requires 4 oddi-
tional exposures, and in this study it gove only two findings (Cases 14 and
148) which could not be disclosed by simpler meons. This extension too should,
therefore, presumchly be omitted, However, in connection with this evolua-
tion it must be mentioned that these major examinations could not be performed
very often in the present material. If they hod, they might possibly have
disclosed more cases of rotation.

Accordingly, the comparisen of simple and more complex methods should
be regarded merely os on applicdble, proctical guidonce - ond of course
methodolegical and statisticol objectiorns can be raised ogainst it. Never-
theless, it represents the number of examinotions and comparisons which were
possible and procticable, and I am convinced that it is good guidance.

According to requirement, 8 or 12 exposures will presumably be used,
and the cppurtenant possibilities of coleulation.

The volues for these rotation terms have often been fairly close dbove
the critical level, but whern reaching somewhat higher values they hove been
numerically from chout 5.0 mm to 9.5 mm (the latter being the Fn15° axt. M
Case 107).

Predictive Values )
PVpos and PVn have been defined in the survey and in (5). In the lotier
{5, p. 304) it was stated how Pvpos and Pvﬁeg altered further in favour of
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gonylaxemetry in relotion to the c¢linical examinagtion, if an ottempt is mode
to distinguish between anterior ard posterior drawer signs. Such a calecula-
tion was carried out for group 1 (shown in Table 14}, The figures reported
in poper (5) still opply.

A matter of very grect importance is what hoppens to the PVpos and
Pvneg on rounding the results of measurements and calculations to whole
figures. These probaobilities reflect whether changes in the distribution
of TP, TN, FP, ond FN measuring results will oeccur on such a change in the
critical levels, as the rounding is strictly specking a slight alteration of
these critical levels. It must be endeavoured, therefore, to carry out this

alteration of the criticol levels in a woy which mokes for the least possible

change in the predictive values of the test.

Basis for Deciding to Round Off the Calculation Results
to Whole Millimetres (mm)
As it has been demonstrated previously that the inaccurocy of the measurement

for all parameters exceeds I mm (3), it seems reasonagble to round of f the test
results to whole mm, Thereby, the critical levels will also be subjected to
a rounding.

When rounding the critical level for medigl instability to 2 mm, this

figure will be considered normol, whereos valves rounded to 3 mm will be
obnormal.  This presupposes ¢ numerical calculation os follows: /parameter
value of injured knee less that of the uninjured knee/. With one decimal,
the new limit will be 2.4 mm, At this volue and below it the result is ror-
mal (rounded to 2 mm), but if it is 2.5 mm or over it is abnormal (as in
that cose the figure will be elevated to 3 mm).

This will transfer the results for medial/lateral instability in Cases
18 (A = 2.3 mm), 113, 120, 135, and 150 to the group of FN, In the total re-
sult, it will mean o further 5 FN values and 5 TP volues less:
total number N = 152, TP = 82, TN = 40, FP = 0, FN = 10,

TP 82
PVpos = ¥ EpP Bl e i 100% (96 - 100%)
_ N - 40 = -
Pvﬁeg =N ¥ N = EI0 86% (75 93%)

with the 95% confidence limits in brackets.

Expressed in words: The PV os remains unchanged, while the PVneg has
been reduced from previously 2% to 86% (cf. (5) p. 308}. Howaver, the in-
juries which escape detection (new FN) ore very mild, ond it must be included
in the reflections thot such mild instobilities do rot usvolly indicate opera-

tion, Therefore, the reduced PVneg under these conditions is of no import-
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ance {Wulff 1973 b). This speaks for using, when rounding off, the following
limits:

for medicl  stability: values = 2 mm

(I [

instability: values = 3 mm.

Measurement of Lateral Stability

With the same rounding, i.e. the some alteration of the level as for medial
instability, Case 61 (B = 2.1 mm) will hove to be re-evaluvated from FP to TN.
Case 142 (B = 2.3} becomes negotive. As this was on old injury, in which

both menisci of the knee had previously been removed, it is difficult to
clossify this finding as a true or false negative — ond it is of no import-
ance os this negligible instability hardly requires ony treatment. Case 153
will not be altered, as the value is 0.4 mm gbove the normal limit., The
few major loterol injuries (Cases 70, 74), in which operation is indicated
int. al. becouse of lateral instability in the frontol plone, showed stress
radiogrophic measurements of lateral instability far obove the level ot which
the small roundings exert any influence, and they ore gccordingly not af fect-
ed thereéby.

It is then permissible to use the same critical levels as those men-
tioned for mediol instability.

Anteroposterior Displocement

In @ concreteand well-defined concept unit, such as traumatic injuries to
the knee with rupture of ligaments, it must be reosonable to use the 97%%
centile for meosurements in aormals as the critical level for injuries. A
lower value would hardly be expedient. After rounding, this critical ?7%%
level gives 3 mm for anterior, posterior, or total anteroposterior disploce-
ment of each of the tibial condyles seporately or the mean thereof (drawer
sign). Therefore, it must be attempted to set up the following critical
levels for anteroposterior displocement:

values = I mm: normal

2 4 mn: cbnormal.

values
This tronsfers Cases 75 ond 144 from TP to FN, and this couses o small, but
acceptable change in the finol result.

TP =45, FP =1, TN = 98, FN = §, N = 150,

_ TP _ 45 _ _ ' -
Pvpos ali e el v 98% (88 - 100%) unchanged,
PV TN F—= J6 5 = 04 = 4% (87 - 97%) (previous-

ly 96%) ,
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Levels for Rotatory Instability

As apparent from Addendum I, rounding off the critical levels selected there
for rotation {cf. Also Addendum II, Calculation Rules) gives 3 mm, so that
values of 4 mm or over must be considered cbnormal. This gpplies to neuvtral
position of the foot, 15° externally rotated foot, and 30° internally rotated
foot.

As mentioned in the conclusion of Addendum I, measurement at 30° ex-
ternal rotation gave in one normal person up to 4 mm  in one rotation
measurement ~ still as the difference between the person's two knees. How-
ever, os this position is not omong those recommended for standord measure-
ments, it will be disregarded here. The suggestion concerninmg critical levels
applies to foot positions neutral and 15° externally rotated. If the same
values for these positions are used as in anteroposterior displocements,

values & 3 mm: normal ,

n

values = 4 mm: abrnormal,
the rotation will be overlooked in Cases 43, 115, 120, 121, 133, and 141.
That is, six out of 51 rotation cases (12%). This seems g reasonable priee

for the simplification of the critical levels.
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Table 2. (fnot rota%tien ext, = externally, int, = internally)
Patient

Nr. 1 2 3 4 5 6 T B8 9 10 11
A 1.8 0.0 1.8 Q.2 0.1 0.3 0.4 1.8 1.0 0.1 1.1
B 0.3 0.4 0.1 0.3 0.6 0.9 0.4 Q.5
od 0.9 -0.6 =-0.7 -1.6 1.7 -0.6 Q.3 Q.0 2.0 -Q.6 1.9
nwmo ext . c.5 1.0 1.5 -1.1 1.3
C30%int. 0.8
U_..— Q.0 0.5 -0.6 g.4 -0.3 -D.6 0.7 0.1 -1.4 0.3 -0.3
m: .9 ~0,1 1.5 0.2 G.6 l.6
m.ﬂ ~ 4,6 —~7.1 1.6 1.9 2.2 ~0.6 3.2 1.0 -0.2 -1.4 -1.6
P._o =7.2 ~3.6 . -2, -0,
15%xt (-3.6) 0.2 2.3 0.1
P30%int 1.5
e, 1.7 0.4 -1.4 -3.1C3. 4 -1.1 -0.1 1.7 -1.8 -1.2 3.4 0.3

(k-1) ;281

ﬂs 16%xt CTHvalu.p Q.5 1.1 0.7
. o inj. 0.6
n 30 {nt uninj 4.3
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Table

3.

Trauma, operative findings, and evaluation

at stress radiceqraphy.

Cages 1 -~ 11,

aof instability, at clinical examination, under general anaesthesia, and

Assessmant of Instability
Case Clinically Under gen. At gonylaxo-
anaesthesia metry
No, Sex Age | Type of Trauma findings at operation medialdrawermedialdrawer medial drawer
1 M 29 Skiing. Flex., e,-rot, S¥MCL, part. FP FP Fe N ™ TN
2 M 29 Football, abd., ext. SMCL, part. Fp ™ N ™ ™ ™
3 M 25 Footbhall, abd.,e.-rot, SMCL, part. FP ™ ™ ™ TN TN
4 M 34 Fell on floor, e.-rot, + di- | Contusion of infrapatellar FA ™ TN TN ™ ™
rect trauma on Front of knee fat pad + haemarthrosis
5 F 31 Handball, abd.,, flex.,e,-rot.] Dislocation of patella Fp ™ ™ TN TN TN
6 M 2] Running downhill, e.-rot. Dislocation of patella Fp TN N TN ™™ TN
7 M 28 Football, abd.,, e.-rot. Dislocation of patella Fp TN TN TN ™ ™
a M 18 Judo, e,-rot. Dislocation of patella ™ Fp TN TN ™ ™
9 F | 24 Skiing, abd., flex., e.-rot. | DMCL, part. FPo| TN ™ ™ ™ ™
10 M 31 fFootball, i.-rot., ext. ] ™ ™ ™ ™ TN TN
11 M 32 Slid on floor at work, bDislocation of patella FP N TN ™ ™ ™
e.-rot., abd., flex. h|

Special abbreviations used in table 3 and the following tables having odd numbers 3

ahd, : abduction, add,: adduction, caps.: Tibrous capsule of knee, ext.:
external rotation, i,-rot,:

m. T lex.

I
H

middle(45®)flex., e.-rot.s

extension, flex.:
internal rot., part./tot,:partial/total rupture.

knee flexion
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Tahla 5.

Trauma, operative Findings and evaluation of instability in Cases 12

24,

Assessment of Instability
Clinically Under gen, At gonylaxo-
Case anaesthesia metry
Na. Sax Age | Type of Trauma Findings at aperation medial{drawer |medial |drawer jredial| drawer
12 F 26 |Skiing, flex., abd., (rot. 7} | OMCL tot. TR ™ TP TN TR TN
13 { M | 28 |Skiing, flex., abd., e.-rot. | DMCL tat. TP N TP N TP ™
14 M 28 Judo, trauma to lateral side | DMCL tot. P TN TR TN P TN
of knee
15 M 37 | fFootball, abd., e.-rot.,flex. | SMCL part,, DMCL part. TP TN TP TN TR *
16 M 28 | football, e,-rot, when turning|l SMCL part. TP TN TR TN T ™
17 | M 28 |Stumbled, ahd., e.-rot,,m,.- SMCL part., TP N TR ™ TP N
flex.
18 M 21 |Ffootball, abd.,s.rot.,m.flex. j SMCL part. TP T TP TN TP TN
19 M 48 | fFootball, abd.,e.rot.,m.flex. | SMCL part., DMCL part. Te TN TP N TP ™
20 M 22 Football, abd.,s.rot.,m.flex. | SMCL part. TP ™ TP N TR ™
21 M 32 | Footbell, abd., m.flex, SMCL part. TE TN TP ™ TP ™
22 M 28 |football, abd.,e.rot.,m.flex, | SMCL part. TP ™ TP ™ TP ™
23 F 24 |skiing, abd., e.rat., flex. DMEL and OMCY tot. TP ™ TR N TP ¥
24 M 30 Football, abd.,e.rot.,m.flex. | SMCL part,, DMCL tot, P TN TR TN TP N
nnn:<pmxoam«~< done in the frontal plane (abd./add.), but mot in the sagittal plane (drawer)} becausas of pain.
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Table 6.] 25 26 21 28 29 30 3 32 33 3¢ 35 36 37
A 6.0 5.0 5.5 5.7 7.3 6.1 5.3 6.9 5.3 8.0 7.0 5.1 5.1
B 4.9 1.4 -1.5% 0.4 -0.2 Qa4 2.8 -0 T -0,3 -1.6
e, l.0 0.3 -0.7 1.9 0.8 1.2 0.2 0.9 -4.9 -0.7 2.2 0.6 | -1.9
C)s®ext -1.5 | 0.9
Uu_ 0.7 0.5 1.4 0.5 -1,5 0.3 1.7 -0.1 -0.6 -2.0 -1.5% 1.3 0.6
E 1.7 0.8 0.7 2.4 | ~0.7 1.5 1.5 0.8 | =5.5 —2.7 0.7 0.7 | 1.3
..13. -0,2 ~1.2 ~2.5 =55 -1.1 =0.9 -1.8 0.6 1.6 =-1.8 l.6 2.3 0.7
WHm-mHn -1.2 -2.0
03 -0.6 -~0.4 —-0.9 0.5 Q.9 0.0 1.7 —2.2 2.0 —2.0 -4.8 1.3 0,1
B 15%ext -1.9
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Tablas 6

codfImosa 38 39 40 41 42 43 44 45 a6 a7 48 49 50
A 8.5 4.6 6.8 4.6 5.2 7.9 4.3 6.8 6.4 6.3 5.0 8.3 5.7
B 0.2 0.4 0.2 -l.9 0.1 1.3 1.1 0.4 0.0 1.2 0.1 0.9
e -1.1 -0.7 -2.5 .uu.o 1.0 a.0 0.9 1.3 ~2,0 -1.5 -0.5 2.4 0.8
€157 oxt -2.1 -1.9 =5.1 1.1 -1,6 0.6 1.9
C30°1nt -2.5 |-2.8 -1.9 -1,2 -2,1
D 2.9 0.7 0.6 ~0.2 0.7 0.2 0.3 0.0 0.7 G.0 -0.4 -0.7 0.2
E, 1.6 0.0 1.9 -3.2 0.3 o.2 1.2 1.3 -2.7 -1.5 -0.9 1.7 1.0
F, 1.6 -1.6 -1.1 0.0 ~0.8 -0.6 -2.8 1.2 -0.4 0.7 [ =~3.4 -2.5
Pr5ext -3.5 |-1.2 -3.5 ~1.3 0,2 —2.3 0.3 -2.1
muo.::,. -2.8 [-1.8 -1.5 0.7 1.0
o, -2. 7.4 0.4 2.6 —4.6 -0.2 0.9 -0.5 =37 -1.1 ~0.6 -1.0 1,6 -0,4
H, 15"ext -0.2 1.0 0.2 -3.1 ~4.0 -0,8
Hy 30%int 0.0 0.7
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Injuries of LCL

Table 6.

continued 51 52 53 54 55 56 57 58 59
A 4.7 3.9 5.0 6.6 5.9 6.2 6.5 1.3
B 0.2 2.4 a.7 ~0.5 =1.7 1.1 -0.3 0.6 1.6
OU -0,3 2,1 0.8 Q.0 0.5 0.0 =-0,2 -1,0 1.6
C, 0.2 .0 2.6 Q. 1. 1.1

1% ext 3 3 4

H_H 1.0 -0.b 0.8 -0.8 =1.0 =0.6 =-1.0 -0.6 0.5
Hu.b 0.3 0.8 1.1t 0.1 0.7 -1.3 -0,5 -0,9 —2.4
H...._,m-mH». 0.5 3.0 1.9 -1.0 0.9 -1.1
F 15%ext 0.7 -0.5 0.2 -1.4 -1.2 -3.2
Ob -1,2 0.5 0.6 -1.3 -0,5 -2.7 -0.3% -1,7 2.9
R Q.2 3.6 -1.7 -0.4 -2.1 -2.1

n 15"ext
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Table 7. Trauma, operative findings arnd evalustion of instability in Cases 25 - 59,
Assessment of instability
Cags Clinically Under gen, | At gonylaxo-
anaesthesia | metry
Mo, Sex Rge Type of Trauma Findings at operation medial |drawer | medial] drawer| medial| drawer
25 M 25 |football,opponant against lat.
side of knes,abd. and $° flex. |[SMCL tot,, DMCL tot, TP TN TR TN T ™
26 ot 19 |football,abd.,s-rot.,m-Flex. sMCL,DMCL,OMCL tot. and TR ™ TR ™ TE TN
caps.
27 M 35 |Skiing, abd., e-rot., m=Fflex, |[SMCL,DMCL,OMCL tot. Th FP Th ™ TP TN
28 M 19 {Football,kicked awa..maa.slemeznr and DMCL tot. TP Fp T TN TP N
29 M 13 (Traffic, fell off bicycle, un-
conscious SMCL and DMCL tot. TP N TR ™ TP TN
30 M 32 |Football,abd., B-rot.,m-flex, |SMCL and DMCL tot. TP N e ™ TR TN
31 M 17 (Fight, abd., e-rot. SMCL and DMCL tot., and
anteromedial caps. comb.
with disloc. of patella e TN P T ip ™
32 M 43 |wWork with heavy burden, se-rot.
m~flex. |SMCL and OMCL tot,,DMCL
part. TP ™ TP ™™ TR ™
33 f 59 [Traffic, abd., flex. SMCL tot,, DMCL part. i@ ™ TR ™ Th ™
34 M 29 foctball,abd.,e-rot., m-flex., |SMCL,DMCL,DOMCL tot. 18 TN TP ™ TR N
¥» F 68 |Traff.,fall off bicycle, abd. [SMCL,OMCL,OMCL tot. TP ™ TP TN TP ™
36 F 27 |Skiing, abd., flex., (rot. ?) |SMCL,DMCL,OMCL tot. TP ™ TP ™ TR ™




- 223 -

Table 7 contd.

Case Clinically |under gen.an|Gonylaxomet.
No. |Sex | Age | Type of trauma findings at operation med, {drawser |med. }drawer|med. | drawar
37 | M |23 |Football,knee locked by opponent SMCL,DMC!,OMCL tot.,ACL part. | TP R | TP | TR FN"

(Fig. 28) TN ™ TN
38| m |21 |Football,abd., kick on tibia ,
medially SMCL tot. TP e TP TN TR N
39 y 18 ﬁoowumpw-mca..mlwow..mco flex. SMCL part., DMCL and OMCL tot. | TP N TR TN " TN
40| M | 19 |Football,abd.,e-rot., ext. SMEL pert., CMCL and OMCL tot, | TP ™ " ™ TP ™
41 | M | 20 ﬂoonwmpp.mwma_mwn..munonsmoowwx. SMLL, DMCL., OMCL tot. P Fp TP ™ TP TN
42 M | 20 |Football, abd., e-rot., ext. 5MCL: fFibres coiled-up in frash
granul. tissue beneath intact TP ™ TR TN TP ™
peritendineum,Llig. elongated.
43 M 2?8 |footbasll, abd., 8-rot., m-flex,| SMCL, DMCL, OMCL tot. TP TN TP ™ TP ™
44 M 30 |Work accident,heavy burden a-
gainst lowar leg laterally,abd.{ SMCL: almost tot., hindmost fiq TP ™ TP TN TR ™
slightly flexed knee, bres intact.
45 M 22 |Football, abd,,e-rot., flex. SMCL tot. TP TN TR TN ™R TN
46| ™ | 24 |[Football, abd.,e-rot., m-flex. EMCL tot. TP N TP TN TR N
47 M 32 |Football,trauma to tibia From SMCL tot. TP TN TR ™ TP TN
front,
48| F | 26 |Fell in forest,abdse-rot.,flex.| SMCL tot, TP TN TR TN TP TN

For meaning of asterisk and double evaluation of drawer sign in Case 37, cf. text,
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Table 7 contd,

Case Clinically Under gen, anGonylaxomet.
No. |Sex [Age | Type of trauma Findings at operation med. | drawer| med. |drawer med. |drawer
49 F 42 | Handball, opponent fell against|SMCL, DMCL, OMCL tot. TR ™ TP TN TP N

lat. side of ext. knee.
50 | M 19 | Football, abd., e-rot., Flex. |SMCL, DMCL, OMCL tot. T ™ TR ™ TP ™
51 F 38 | Skiing, fell forward (u;nable to[SMCL, DMCL, OMCL tot. TR TN TP TN TR TN

tell pasition of leg)
b2 | ™ 31| Foothall, abd., o-cot.y m=Flax.(SMCL tob, L TN TP Fp TP ™
53 | M 23| Foothall, abd., e-rot., ext. SMCL, DMCL, OMCL tot. TR ™ TP Fp TR ™
54 M 20 | Football, abd., e-rot., ext. SMCL and OMCL tot. TR ™ TP ™ TP TN
55 M 27 | Foatball, ecollision, abd.,flex.

e-rot, |SMCL tot. TP FP TP TN TP TN

56 | M 26 | Football, abd., e-rot., m-flex.|SMCL and DMCL tot. T N TP ™ e ™
57 M 19 | Football, abd., e-rot., panme SMCL,OMCL,OMCL tot. and caps. HL TN TP N TP N
s8 | M 25 | Football, collision,add.(varus){ LCL part, ™ TN ™ ™ TN
59 M 25 | Handball, add., i-ret., flex. LCL part. TN TN TN TN N TN
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Table 8. Parametar - values in Case 60 - 90,
CLass No.| &0 61 62 63 64 65 66 67 68 | 69 70 71 72 73 74 75 76
A n.o | 0.2 1.7 8.4 0.4!-0,5] 0.3 1.7 l.6] 9,3 1-0.3 9,3| 7.9 5.9 6.4 |-0.7]17.5
B 0,51 2.1| 0.3 | -0.6] n0.1| -0.6] 0.5]-1.5 0.8 20.8 | -0.4| p.o0| 0.1|-0.6[ 0.4 1.9
£, 2,5 | =3.3 | =1.1 7,3] 3.2| =0.4| 1.2 3.9 9.2 6.7 | 16,1| -0.6] 4.8 2.5 7.7
npmnmxﬁ. 4.1 1 =0.2 3.8 1.4 | sas m
°
c
“30%int. | 0.0 L4 text G
[w
U =
n -1.1! 2.4l -0.,8| =0.5| 1.9¢ 0.7| 0.0 -0.5| = 0.2| 4.7| -1.5| -0.8] -0.8| § n.al 18.5
: i
n 1.4| -0.9|-1.9 6.8 5.1 0.3] 1.2} 3.4 ° 9.4 3.4 la.d -l.40 4.0 7 3,31 26,1
[u]
x
Fl -1.2| -0.4| o0.a) -2.7{-0.8| 1,7 [~1.8 |[-0.6 | - 0.4 2.8 -5.31 -0.90 1.4{ B -4.2| -0.5
=3 & —=
- [+
Feo ‘ P
15% ext. 1.6 -0.5 e
=)
Folsoext.] =003 -0.6 | 0.6 | -
Figaing, | ~10 -
G, 2.4 4.8] -2.1] 1.3| ~4,)1) 5.11 0.0 |-B.2( - 1,00 1l.é{ 0.2{ -3.1} -0.7 1.3] -2.1
T— ° L
nl5%ext,] ~-1.9] -1l.3 -
Ho30%int -2.7 -
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Table 8 contd.

Case No. 77 78 79 BO a1 az a3 84 8 86 87 z):} B9 90

A 4.5 5.7 1.5 12,7 0.0 Te2 16,3 4,8 9.1 0.1 K 3.6 B.& 1.0
B 0.0 0.2 0.3 l.B 0.8 1.8 -0.5 ~0,2 1.2 4,1 0.4 =-0.8 -0.% -1.6
n: 6.7 6.7 0.2 77 -0.2 2,1 12,5 3.0 12,1 2.8 5,8 -0,2 1,5
npmemxn. 5.0 11,6 1.1 15.2 T.6 13.4 4.4 4,2

nuoouzﬁ. 0.9

oa -0,9 .1 1.9 a.7 2.9 -0.1 1,1 0.8 -0.4 4,7 14,0 [ 6.2 13,8
m: .8 6.8 2.1 8.4 2,3 2.0 13.6 3.8 11,7 16,8 1z.0 6.0 15,3
ﬁ: ~1.7 <0.,4| =0.d ~0,.2 i1 ~G.3 c.2 -3.8 =-3.7 -1.7 1.2 1.1 2.5
ﬁpmomxw. ~1,6 2,1l 0,5 -3.5 -0,5 4.1 =3.1 -2,2

n: 15%ext. 1.6{ ~-0.3 -0.4 -0.7 3.3 ~4,1 ~2,5

wumopaw. Q.3

n: 1.1 -1.4 3.0 -2.5 0.4 i,2 0.2 0.6 0.6 5,7 0.6 5.9 -4.6 -0.6
13 15%ext . -0.1 -0.5] =-0.8 5.7 =0.2 -0.9 =-1.0 -0,3

H P

n 30%int. 2.5




- 227 -

Table 9, Trauma, operative findings eand evaluation of instability  in Cases 60 -~ 90.
Instability
Case Clinically Under gen. At gonylaxod
L . anaesthesia metry
. A
No Sex | Age Type of trauma findings a8t operation med. | drawer [med. | draver] med. | drewsr
60 M 30 | Foatball, mua..mnncw.wmnﬁwmx. ACL part,,OMCL tot.,MM part. TP TP N FN FN N
™* N*
&6l M 19 | Football, fell after heading ACL, OMCL and OMCL tot. FN Fy N Fy [ FN
ball, abd,, e-rot., ext.?
62 M 48 | Skiing, abd., e-rot., flex. ACL part. subsynovial and TR FN TP e N FN
SMCL, DMCL, GMCL tot. ™"
63 M 41 | 5kiing, abd., e-rot., Flex. ACL,SMCL,DMCL,OMCL tot. TP TP T TP TP TP
64 M 16 | Traffic, fell off moped, dir. [ACL tot., part. avulsion of
trauma{unable to state details|iliotibial tract from Gerdy’s ™ FN ™ FN ™ TP
tubercle.
65 M 13 | Traffic, fell off bicycle, ACL pert. (with fracture of ™™ o ™ PN ™ ﬂzs
{ungble to state details) intercongylar eminence) ™w* ™
66 M 25 | Football, nmanwam.mca.moowpx. ACL part.(postero-lat. fibres)| TN TP ™ ﬂzw TN ﬂZQ
™ TN
67 M 16 | Football, tackling,abd,(rot.?)|ACL part,({posterolat, fibres )| TN AL ™ 2] ™ TP
68 M 24 | Football, abd,, e-rot,, alﬁpmxgnnruoznr-oznr tot. and caps. TP FN TR TP FN TP
69 M 25 | Fell down steircase (unable to[ACL tot. + old tot. rupture TP ip P iy TP TP
state details of rotation) of SMCL and DMCL
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Table 9 contd.
70 M 18 | Football,kicked on knee med. ACL, PCL and all lateral ™ TP ™ TP TN TP
structures tot., see text
71 F 21 | Long jump,abd,e-rot,max.flex. ACL, SMCL, DMCL tnt. TP T TP Te TR TR
72 F 2? | Volleyball, complic. trauma, ACL tot., PCL part., SMCL and] TP FN 1P FN TR FN
cf. text DMCL tot., caps. {cf. text)
73 M 20 | Football,tackling,abd.,m-flex.| ACL part,.,SMCL and DMCL tot. 114 FN TP L3 TR TR
T4 F 17 | Traffic, moped,abd.,max. flex.| ACL and PCL tot., SMCL, DMCL,| TP TP TP TP TR
OMCL tot., LM, caps. medially
and posteromedially, disloc,
of patella.
75 F 17 | Dancing, ahd., m=flex. ACL tot., SMCL part,{emall) Fo FN ™ ™ | TN TP
76 M 17 | Wwater -skiing,abd.,e-rot., cf. text, TP s TP TR TR TR
max, flex.
77 M 35 | Handbhall, abd,,8-rot.,m-flex. ACL tot.,SMCL part.,OMCt tot.[ TP TR TP 183 TP TP
78 F | 41| Badminton,abd.,a=-rot., flex. ACL,SMCL,DMCL tot., LM TP N TP TP [ TP | TP
79 F 25 | Handball, abd.,e-rot.,m-flex. ACL part., SMCL part.,, DMCL FN N FN Fn FN FN
tot., LM ™ty ot
80 M 45 | Traffic, fell off moped, abd.,|] ACL, SMCL, DMCL, OMCL tot. TP TR TP TR TP TP
e-rot., flex. Fp o] oTN w b o] oFN
81 M 17 | football, e-rot., slight flex.{ ACL part.(2/3),post.-lat.fibg wt ™w*
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Table 9 contd.
82 F 48 | Skiing, abd,, e-rot,, m-flex. [cf. text TP FN TP FN 1) FN
™w* ™' ™*
a3 M 27 | Baskatball, stopped abruptly ACL,SMCL, DMCL,OMCL tot,.,caps.
on rubber shoes, abd., e-rot.,|anteromed, and posteromed. and| TP FN TP Th TP TR
m-flex, digloc. of patella
B4 M 43 | Skiing, abd,, e-rot., m-flex. [ACL tot.(subsynovial}, SMCL TP TR TP FN TP TR
part,, OMCL and GMCL tot.
B85 F 48 | Skiing, abd., e-rot., meflex. |ACL,SMCL,DMCL tot., MM part. ™ TP TP TP TP TR
Bé6 M 22 | Traffic, pedestrian, direct PCL and LCL tot. ™ TP TN TP ™ TR
frontal trauma to tibia
a7 M 20 | Traffic, fell off moped(unable| PCL,SMCL,DMCL,OMCL tot. LY TR TR TR TR TP
to state direct. of trauma)
88 F 52 | Fell on staircase on top of PCL, DMCL, OMCL tot.+ capse. TP TR TP TP TP TP
left leg, abd.,e-rot., flex.
89 M 67 | Traffie, fell off bicycls,abd.|PCL,SMCL,DMCL, OMCL tot,+caps.] TP FN TR TP { TP TR
e-rot,, m-flex.
a0 M 15 | Fell at a building site while | PCL tot. and post. ceps. tot. FP TP Fp TR TN TP
drunk, cannot remember any-
thing {hyperext.?).




Table 10,

(foot rotation ext, = externally, int.=internally)

nr. 91 92 93 94 95 96 97 98 99 100 101 102 103 104
A 0,8 | 1.4 | -1.3 | -0.1 ~0.8 0.7 | ~1.4 T.k 5.2 A0 7.3 4,2 2.8 | o.9
B 0.5 | -0.2 1.5 1.5 | ~0.3 0.6 0.8 1.0 -0.1 -0.4 —0.7
€, 0.7 0.0 1.4 | -1.8 3.0 1.8 [ —0.8 0.3 0.1 0.8 1.0 2.7 | -1.3 2,2
Cyf axt . -1.1 2.7 0.3 5.6 2,5
_ Y50" int. 0.t C30%ext: 0.2
m D 0.5 0.1 0.6 0.7 -0.8 -0.3 -1.3 —2.8 O.v 0.8 0.2 1.8 | =0,3 | -6.5
1
I, 1.0 Gl 1.5 | -1.3 z.z 1.5 2.1 -2.5 G.1 1.6 1.2 4.3 | =l.8 1.0
F, 1.3 | -2.e 1.5 | -1.9 1.8 -1.7 -1.4 =1.5 | -0.9 0.2 | -1,4 1.3 1.6 | -2.1
Flc’ext. -0.B ~1.1 -0,8 0.7 -2.9
F, Gamnn. 0.0 1.6 -2,1 -1.8 -1.4
F3otine, | 22 Tu%maT?m
e 1.4 0.5 0.3 o5 | -4 4.2 -1.% -1.86 l.0 ~0.7 3.2 | -3,0 ] 0.3
Ro1s ext,| ©-6 1.3 ~1.3 L6 | -2.5 1,5
By 50%ing, | ~2-° | o 30%ext-3.3




Table 10 continued.

(el.= critical level}

n. 105 106 107 108 109 110 111 112 113 114 115 116
A 4.5 1.4 2.7 4,4 3.7 1.6 0.5 =-C. 4 2.2 0,2 -0.5 5.9
B 1.6 Q.7 -0.3 0.1 Q.8 0.1 -0.2 1.2 G2 -0.7 0.7 a.?
OB 0.9 2.8 5.2 1.6 1.8 0.8 1.9 1.2 .N..M ~1.5 2.3 7.4
numnmxﬁ. 3.7 I.;.W ~1.5% l.o -1.4 -1.2 0.8 ~1.1 4.7 6.4
=04 0.
o, e 6,6 © om M.H
30 ext. - 30 int 307 int 30 int
1 iz 0.6 -1.8 -0.2 1.1 0.9 0.7 ~0.5 ~0.6 -1.3 ~2.0 G.4 0.8
—
&
| ns 1.5 1.0 3.0 2.7 2.7 1.% 1.4 0,6 2,2 =4,1 2.6 8,2
ﬂu, =-1.7 -0 Q.1 3.9 -1.6 -0,5 =1.4 =3.1 -1.9 0.5 —Z.71 =243
1A - L - -2 - - _
HumemNn- 1.5 1.¢ B 1.8 2.0 c.4 1.3 0.3 .1 3.0
e 15 ext.| 0e4 o0 | —ies | 3.1%X8l4 -105 | -o.3 -2.0 l.o -1.7 ~1.2
-C.1 S o
ol a c.5 o . i
30 ext, 30 int 307int 30“1int
nz. -2.1 3.4 -0.6 -0.4 1.5 -2,2 D0 ~3.0 ~-1.8 ~-4.6 -2.1 2,2
1 - -— lﬂ -ﬂ. =V - - - - - -
.HS HmLmN._..- 1.1 1.7 1.8 1.7 C.5 0.7 0.7 0.7 1.4 1.8
v n.6
mn 30 ext.
Ho 3c’int. 2.3 —2.4 0.6
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Table 11, Trauma, operative findings and evaluation of instability in Cases 91 - 114 (patient-group 1I).
Instability
Clinically Under gen. Gonylaxo~-
Case .
anaesthesia matry
No. |Sex Rge | Type of trauma Findings at operation med, [ drawer|med. | drawer med, [drawer

91 M 38 | fFootball, maa..namnmnn. of rot| Loose body, chondromalacia, P ™™ TN ™ TN TN

unknagn ) history cof lat. meniscectemy,

92 | M 22 | Football,ahd,e-rot,slight flx.|MM (buckett - handle) FpP Fp TN ™ TN ™

o3 M 23 | Football,abd.,e-rot.,m-flex. MM (post. harn) FP TN N ™ ™ TN

94 | M 80 | Football, rotation{direct. un-| MM {post. horn) TN ™ N ™ ™ TN

known )

35 M 221 Izé hockey,abdyz-rob,m-flex. Expl, zrthrotomyinormal find, Fp FE TN ™ TN TN

96 | M 21| Ice hockey,abd.,e-rot., flex. | SMCL,DMCL part. {scar tissue) Fp FR FE TN ™ TN

97 1 M 34 | Badminton, abd., e-rot., flex.| SMCL,DMCL part. {scar tissue) FP TN 1L L) TN ™

98 | M 28 | Football, kick on knee late- SMCL, DMCL tot. (scar tissue) TP ™ TR TN TP TN

rally, abd., Flex.

99 F 21| Football,abd.,e-rot., m-flex. | SMCL tot. (scar tissue) TP ™ Th TN TP ™
me | M 27 | Football,abd.,&-rot., m-flex. | SMCL (scar tissue) TP TN ™ ™ TP T
101 | M 19 | fast running{did not notice rot.) SMCL (scar tissue) TP TN TP N TP ™
162 | M 30 { Judo, abd., m-flex. SMCL,OMCL part. {scar tissue) TP TN TP ™ TP ™
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Yeble 11 contd.
163} F 34 | Skiing, abd., e-rot., flex. SMCL, DMCL tot. (scar tissus) TP ™ TP ™ TP ™
104) M 26 | Footbell, abd., m-flex, Firm scar tissue at site of Fp T P Fp ™ ™
MCls, tiny but taut ACL
105 M 22 | Football, opponent fell againatSMCL, DMCL tot. (scar tissue) P P P P ip ™
patients knen, ACL taut with firm scar tissue
| M 15 | Ping-pong,abd,e-rot,., m-flex., |Firm scar tissue at origin of P N P N ™ N
SMCL and DMCL,disloc.of patellas
107 M 25 | Handball, opponents weight a- |OMCL tot.,SMCL part, (thin p N p N TR ™
gainst knee lat,,abd.,e-rot. |[scar tissue)
08| F 20 | Skiing, abd., e-rot., m~flex. [SMCL snd DMCL with scar tissue| P N P N TP TN
09| F A0 | Skiing, abd., e-rot., m=-flex. | DMCL and OMCL {scar tissum) P N P N TP ™
110 M 22 | Handball, e-rot,, Bxt. ACL part,{post.-lat. fibres P P N N TN ™
intrasynovial)
111 ™ 20 | Football,kick on knee lat., ACL part. (post.-lat, fibras) N P N N N ™
abd,, e-rot., m-flex.
112 M 33 | Football, kick on knee lat, ACL part. (post.-lat, fibres) N N N N TN N
113 M 18 | Footbell, sbd, e-rot.,m-flex. | ACL tot. + firm scar tissue N P N [ P TR
) in MClLa.
114 F 21 | Handball, abd., B-rot. ACL part. (post.-lat. fibres) N N N N ™ ™
115 M 32 | Football,abd.{unabla to state | ACL tot,, MM and LM removed N N N P TN FN
details). previously.
116f M 28 | Football,abd,a-rot,m-Flex. to | ACL,SMCL,DMCL tot, (loose scar P P p P TP P
full ext, tizsue)




Table 12

Fable 12 Patientgroup 3J: nx, 117 - 1573,
ax, 117 118 119 120 121 122 123 124 125 126 127 _lz8 229 lisg
A 0.6 3.7 3.1 2.3 0.5 3.3 4.4 0.5 4.6 -0.1 0.6 0.3 | -la pew
B 0. 0.2 | 0.3 1.9 | -l.o o 0.3 31 | #0.7 1o | 232 | o2
<, 2.1 | -1.5 -0.2 | -0.2 3.1 0.8 0.5 5.6 2.5 ~1.6 2,6 8.6 5.3 | 6.5
Cyslext -0.2 4.3 0.9 -2.3
Csotint 1.9 2.1 -0.7
b L -0.8 1.2 -0.3 | -0.8 1.6 0.5 0.3 | -0.3 1.8 -0.7 =0.7 -1.4 | -0.7 1.9
a
. £ 1.3 | -0.3 0.5 | -1.0 1.3 0.2 5.3 4.3 -2.3 1.9 7.2 4.6 8.3
v, -6.5 | -1,0 0.9 |-3.1 3.1 2.5 0.6 $.0 -1.2 2.8 =4,8 -2.7 | 3.9 |-4.1
WHmtaﬂa 1.9 2.3 ~1.6 -1.6
L N 2.7 5.2 0.0 -1.4
Wucomnﬁ =0.1 0.9 -0.9
Gy 0.3 1.7 | 04 |aa 0.8 -l.o <1.8 | =4.5 | -2.5 -2.4 2.5 -1.2 | -l.8 |-2.5
_.Hu. Hmumuv C.8 2.9 1.6 Q.2

*

1n case 130 thare has earlier besn a MCL - injury in the oppomsita knee; therefore the upper limit of normal knee lexity must

be used to auvaluate tha recently in jured knge { instead of the difference betwesn the two knaeg ), The limit is exeeded by

O.6 mm,



- 235 -

Table 12 continusd

nr. 13 132 133 134 135 136 137 138 139 140 141 142 143 144
A 0.9 1.8 1.9 1.7 2.4 l.0 0.2 0.8 0.0 1.5 0.6 3.6 -l.0 0.7
B 1.7 0.3 1.1 0.4 0.8 1.0 2.3 1.9 0.7
S 3.3| 4,2 | 20.4 [ 39 2.1 23 3-8 | 5.6 S.0 3.5 1.2 | 6.1 2:8 | -3.3
“15%xt 2.8 4.8 22 &2

Cyd"int 2:1

D, 0.0| 0.2 2.0 0.6 0.4 | —0.9 | -1.3 3.3 1.7 | -0.7 4.3 | o7 1.4 1.4
E, 5.3 5.1 | 12.4 | 6.5 2.5 2.5 2.5 8.9 1.1 8.9 | 1.5 | S.o 6:4 | 47
P ~0.2] -2.2 | 23,4 | -2.1 | -1.0 ~1.6 | =5.4 | -2.2 | -4.8 0.7 -3.2 | -1.5 0.9 0.5
P ot -2.3 -2.4 -0.6

Fa 15%ext “1.6 -1.6 2.7 1.1

F50®int -1.1

LS -1.5| -1.5 2.9 1.6 0.4 -0.5 3.4 2.9 -2.2 0.6 0.3 | -1.4 0.3 | -2.0
Hy 15%xt 0.7 -0.3 2.7

Uu.mtnNn 1.%

%1 5%xt 2:4




Table 12 con tingyad

critical
nr, 145 146 14T 148 149 150 151 152 153 leval
A 1.6 | 0.2 -0.3 3.0 1.1 2.1 i.9 0.5 [ 12.2 = 11.6
B -0.9 -3.1 1.2 1.1 1.6 1.2 1.8 -0.2 17.5 7> 16.9
e, 7.4 | 3.8 4.7 |15 5.9 3.1 4.4 3.4 0.2
nwmomnw LEV4 2:3 13- £.7 L5
3.0
C26® int 1.4 30" ext
] - - - -
2 D 0.2 | o.8 0.1 0.6 2.2 .2 0.3 9.4 | 6.7
~
. B, 7.2 | 4.6 4.6 [14.5 B.1 3.8 41 | 12.8 | 6.9
P -0.2 | -1.4 1.6 1.3 0.4 -2.1 4.6 8.7 2.3
mwmemxﬂ -0.9 1.1 2.4 -2.9
mvz Hmthn -0.7 2.1 0.9 1.8 2.2
32
F 30%int =27 30 ext
ﬁb -0.4 2.9 -0.1 ~1.2 ¢,8 -1.3 3.5 0,3 1.7
:5 16 axt J.0g 3.4 -0Q.2 -0.8 0.7
mn uon::.. 1 ™ mmxw
nﬂ uoowzﬂ -3.0
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Tabla 13, Trauma, operative findings and evaluation of instability in Cases 117 ~ 153 (patient-group I11}.
Instability
Case Clinically Under gen. Gonylaxo-
enaesthesia metry

No. |9ex Age | Type of trauma Findings at operation med, [drawer | med. [drawer Imed. |drawer

117 M 26 |In childhood knee trauma resul- Chondromalacia of patella N P N N TN TN
ting in severe atrophy of n:HQJ
At age 22 jump in basket ball,flex,

118 | M 51 |Work. ace.,load of flagpole on | LM (buckett - handle) N N N N TP TN
knee, abd., max, flex.

119 | M 22 |[Football, ebd,,e-rot,,m-flex. Firm scar tissue at SMCL,DMCL | P N N N TP ™

120 M 20 {Football, kick on tibia mediald Firm scar tissuve at SMCL,DMCL P N P N TP ™
ly, abd., e-rot., ext. and OMCL, caps. thin post.-maed.

121 | ™ 3] |Football, add.si-rot.,m-flex. History of lat.meniscectomy N N N N TN ™

shortly afier trauma, itl:loo-
se connective tissue at epicond.

122 | M 28 |Handball, many inj., no detailg SMCL loose,no fresh injuries. p N P N TP ™
of mechanism.

123 | M 17 |Football, opponent fell against! SMCL lax, fresh dislog, of pa- p N p N TP TN
his knee laterally,abd,,m-flex,/ tella.

124 F 44 |13 years previously fracture of] Depressio of lat. tib.condylse,| N N N N ™ ™
the head of tibia. On a scoster| no inj. to ligg. or menisci.

ollision w. nmn.omﬁmom<3ijmuL
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Tabla 13 contd,
125 | M 37 |Skiing, abd,, e-rot., ext, SMCL,DMCL,OMCL tot, and caps. P TR N
126 | M 49 |Trauma when skating 30 years LCL lax, WM N TN TN
previously, abd.,i-rot.,flex.
127 | M 25 |Fell on his knee MM N TN N
128} ™ 36 |football,tackling,abd,e-rot,f1xACL tot.,MM removed 1 year earl. P L e
1291 M 31 |Foathell, fell from high hea- JACL tot., MM and LM N ™ T
ding, abd., e-rot., ext.
1300 M 20 |Football, ebd.,e-rot.,m-flex. |ACL tot.(lacking),scar tissue P TP T
at site of MCL's 4+ part, fresn
rupt.,fresh inj. to MM
1311 m 33 {football, fell from nigh hea- IACL tot., MM removed earlier M N TP
ding, abd., (unabls to state
furiner details)
1321 M 26 |football, abd,,e-rot.,m-flex. [ACL tot. N TN TP
133} F 42 |Handbail,abd.,e-rot.,max.flex.]ACL tot.,MM removed previously p ™ TP
134 F 16 | Work acc., feall w. hesavy bur- |ACL tot. M ™ P
den, abd.,, flsx. .
13 M 22 | Long jump, tibia arrestac in |ACL tot., WM (bloeck!),SMCL P TP FN
mid-flexion while thigh conti-|part. (fresh).
nused |}
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Table 13 contd.
13e M 16 | Traffic, collided w. car on ACL tot.(+ small shearing frac ™ TP
moped + history of bicycle ture post. on medial tibial
traumas 7 years and 3 months | condyle, subluxation)
praviously
137 M | 20 Football, while jumping up ACL tot. TN TP
kicked by opponents boot po-
stero-laterally on tibia(hy-
perextention?)
138 M 120 Football,s-rot, slight flex. |ACL part. ™ P
139 M la | Playing w. bhall 4 years pre- | ACL tot., MM L) TP
viously,
140 M 36 6 years previously foothall History of MM- and LM-ectomy TN TP
trauma directly from front & years ago,ACL tat,, SMCL,
(goalkeaper) DMCL and DOMCL: scar tissue,De-
struction of cond, cartilage,
141 M 25 Handball, abd., flex. ACL tot., MM ™ ip
142 F 23 Football 2 years previously ACL tot., MM + LM removed pre- TP TP
(uneble to dascribe mechsnism)| viously, MCL's showing loose
scar tissue at origin from
epicondyle superiorly.
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Table 13 contd.

143 M 35 | Work acc., tractor fell on extrem,.{All ligaments loose after severs TN FP
{opration primarily only on medial |quadriceps atrophy + hydrarthrosis ’
structures) ef. text.

lag M 27 | Football, abd,, e-rot,, m-Flex. ACL part.(elongated and loose),LM ™ TR

(ant. horn),MM removed previously,

145 ™ 20 | Football, hyperaxt. ACL tot., scar tissue in MCL's TN TR

146 M 22 | Handball, abd., e-rot., flex. ACL tot. + fresh shearing fracture N TP

from medial tubercle

147 M 23 | Traffic acc. when pillion rider 3 {ACL part., ipsilat., femoral fract. TN TP
years praviously healsd with shortening

148 M 30 | Football, abd., e-rot., 15° flex. [ACL tot,, MM removed previously LY TR

149 ™ 28 | High jumping,(unable to state de- |ACL tot, TN TR
tails of trauma)

150 M 20 | Football, twisting trauma w. no ACL tot., loose scer tissue at me- TP TP
contact w. opponent,e-rot,slight dial epicondyle
flaxion,

151 M 26 | Judo, pt's foot getting stuck to |ACL tot., LM {buckett handle), ™ TP
the floor as he was thrown, abd,, |MM removed previously
e-rot., ext.

152 M 21 | Faatball, kick on lower leg madi- |PCL tot, T TP
ally, abd,, flex.

153 M 31| Traffic, car accident, brain con- |PCL tot,, M TR T
cussion {not able to state any de-
tails aof trauma)
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Table 14

n:nom and n::mo at knee injuries <14 days for enterior drawsr and posterior draser separately.
95% confidence limits in brackets.
anterior drawer gonylaxometry clinical test test in general anaesthesia

Py
pos

py
neg

posterior drawer

Py
pos

Py
neq

94% (71 - l00%)

B6% (75 - 0O3%)

100% (59 - loo%)

oo (g3 - 100%}

5% (36 - 79%)

79% (68 - B8%)

86% {42 - 100%)

9% (96 - 99%)

83% (59 - 96%)

83% (73 - 91%)

100% {63- 100%)

99% (93~ 100%)
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LIST OF ABBREVIATIONS

Anatomical names:

ACL: onterior cruciate ligament.
posterior crucicte ligament.

superficial medial collateral ligament.
oblique medial collaoteral ligement.

laterol cellateral ligament.

PCL
SMCL
CMCL: deep medial collaterol ligoment.
OMClL.
L
MM medial meniscus.

iM

laterol meniscus

Rodiegraphic, physicol, and stotistical terms:

a-p rodiogrophs: anteroposterior rodiographs, i.e. onteroposterior
direction of the beanm,

a-p displocement: displocement of the tibio in the anterior or posterior
direction relative to the femur.

kp: kilopond, 1 kp = 2.807 N.

kN: kilo-MNewton, 1 N: 1 Newton (in the text)
N: rnumber (in tables and formulce).

PV : predictive volue of a positive test.

pos
PY_ : predictive valve of o negotive test.

neg’
SD: standard deviation.
TN: irve negotive.
TP: true positive
FN: false negative

FP: false positive

X @ Mmegn,





