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ABSTRACT - ;

The purpose of this study wm%xfo compare reliability and
validity of three knee ligament laxity testing devices, the
classical clinical examination for.-anterior posterjor laxity,
and radiographic{ stress tests for ‘anterior-posterior laxity at

. 30 degrees of knee flexion.” The c¢linical evaluation was

performed by an experienced orthopaedic surgeon and assessed
with a modification of the grading system used by Houghston
(1976). The four objective testing procedures employed were:

1) the Genucom knee analysis systen, ~2) the Stryker
anterior-posterior knee testing device 3) the KT 1000 Kneeo
Arthrometer and” 4) Radiographic stress tests. A sample of

fifteen male patients with unilateral anterior posterior knee

laxity were evaluated using all five measurement procedures. The

magnitude of anterior-posterior (A/P) displacement was tabulated
in accordance with the modified grading scale in the c¢linical
exam, while the radiographic tests :and the three instrumented
devices provided measurements in millimeters. The first part of
the investigation established the repeatability: of the three
instrumented devices over a two day testing period. An ANOVA
indicated that there was no significant main effect over the
factor of DAY but that there was a significant effect over the
factor of DEVICE (Genucom, KXT1000 and Stryker). Post hoc
contrasts showed that the Genucom scores differed significantly
(Scheffe 0.05) from both the KT1000 and the Stryker while the
KT1000 and the Stryker showed no significant differences between
mean scores. This was the case for the analysis of the single
subject-ten repeat scores and the ten subject ANOVA. The second
part of the investigation consisted of a two factor ANOVA which
assessed all five measurement procedures over the normgl and
cruciate deficient knee populations. A significant difference was
found in the factor of knee which would lead us to infer a
significant laxity difference in normal and cruciate deficient
knees. A significant difference was also found 1in the
measurement procedure factor. This led to post-hoc comparisons
which were corrected for experiment-wise error with a Scheffe
test. In the group of normal knees all of:the measurement scores
significantly differed from each other except for the comparison
of the KT1000 with the Stryker, (alpha= 0.05) while in ‘the group
of cruciate deficient knees, the clinical with the KT1000 and the
clinical with the Stryker were also not significantly different
(alpha=0.05). These results would seem to indicate that there is
much variation due to test procedure but that all test procedures
have the ability to indicate-:a significant difference between
normal and cruciate deficient knees. -

‘




RESUME

La présente étude visait d évaluer la fiabilité et la wvalidité de trois
systémes d'évaluation de 1'inté&grité ligamentaire du genou en flexji\on de 30,
soit: le systéme d'analyse du genou GE%IUCOM, le "Stryker knee laxity tester" '
et 1'arthrometre)KT1000. Plusieurs de ces appare“ils‘sont couramment utilisés
pour évaluer 1'amélioration consécutive i la chiurugie. Les r?sultats
obtt;.nus ont permis de caiculer un coefficient de correlation de fiﬁ)ilité

LY

de 0,73; 0,78; et 0,75 respectivement, pour le Genucom, le KT1000, et le*
<o &

Stryker. De plus, 15 patients masculins souffrant d'une déficiance /

unilatérale du croisé antérieur ont été soumis 3 un examen clinique ainsi

’ o

qu'3d une évaluation répetée sur chacun des appareils consid&rés. Les

»

déplacements antérieur et postérieur &taient quantifiés i 1'aide d'une

échelle graduée pour l'examen clinique tandis qu'ils &taient rapportés en ___
g : q por -

v

mm pour les appareils. Les résultats opt permis de mettre en é&vidence une ,

’

différence (p<0.05) entre le genou sain et celui atteint’'d’'une déficiance

ligamentaire, peu importe® le test utilisé bien qué 1'importance des déplacements

S

doit différente selon le test utilisé. Une_comparaison post—hoc i en effet
]

démontré une différence entre chacun des tests sauf pour le KT1000 et le' »

o € .

Stryker (p< 0.05). Ces résultat indiquent qu'il existe une diff€rence dans

1'importance des déplacements mesurés 3 l'aide des di\fférents systémes de

-

mesure bien que chacun des tests permette de mettre en &évidence uné .

différence entre le genou sain et le genou atteint d'une déficiance ligamentaire.
L) B . B
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CHAPTER I °

L4 o 1

1.1 INTRODUCTION . !

»

' An ogjective procedure for measu;}ng knee ligament laxity
has been difficult to est?blish until thé ;ecgnt development oE
mechanical devices designed specifically for this purpose. B

There is an abundance of pathological knee la;ity literature
investigating changes due to disrupted ligaments in “vitro as
there was previously no method for in vivo assessment. In the
past decade, however, knowledge concerning the structural and

functional relationships of ligaments surrounding the knee joint

has increased substantiai&y. Consequently, the ability to

quantitatively measure in vivo laxity parameters is becoming

7

increasingly important in "diagnostic and operative orthopaedig
medicine. The development) of r;liablé, vahid and oﬂjectivé
testing apparati 1is essential for the evolution oﬁ orthopaedic
research involving the knee.
" ,
ééThree such objective devices currently in use for the
measurement of knee laxity are: the Stryker Knee Laxity Analyzer,
the KT1000 knee Arthrometer @and fke Genucom Knée Analysis Syst;%.
Objective measures of . knee lax%ty are important for the
evaluation of surgiéa; procedures, establishing group ‘norms for

use in diagnosis, cataloguing changes in Xknee’laxity over time

and the evaluation of rehabilitative proce@ures and’ knee braces. !

X

“

q
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1,.2 NATURE AND SCOPE OF THE PROBLEM "

’ Diagnosis of‘ekcess knge ligament laxity iszhost oftén;made
following a m;nualtclinical evaluation of relaéiVe tibio-femoral
movemrent in response“to a;blied forces. This. is a s&bjective

assessment involwing both ptopriocepﬁ?ﬁéqand visual perception of
‘movement between theotdz joint surfaces (Torg et.al. 1976).
OSViquslyy the quantifiable éccuracy of such a
yisdal/EES?rioceptive techniqué is questionable.

‘The dghﬁnd for objectivity in knee joint assessment has

increased with the amount of research concerning the knee,aend

-~ "~

resulted in a number of iﬁstruments being designed for measuring
laxity of the knee ligaments. Three such devices are the Genucom

Knee Analysis System, the Stryker Kne§ Laxity. Tester and the

KTldOO Knee Artbr?m?teg. These' instruments hqgg‘ the added
potgntial of(ybeihg, able to identify previously ‘undetected
structural differentia1_ subtleties. i;ﬁ laxity parametérs{of
damagea knee joinfs. Objective measures have implicgtions for

the development of new diagnostic techniques and the evaluation

of the effects of surgical procedures for the correction of

< 7

laxify—related instability. Populationg’  such las football and

. |
hockey players could possibly be screened for kmge laxity "which

is  associated, with increased propensity to knee.~injuries

(Nicholas, 1970).

o « &
The initial significance of improved knee laxity
gquantification is thét"it challenges the efficacy of the
.’ v

&

traditional .subjective clinical assesshents. Ther?fore the
- G

>

.
e - - . e
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.reliability, validity and objectivity of the neﬁudevices ‘must bé}
scientifically established. , o _ )
| In this study, . variation of the measures from each of the
test methods were charaéterized in light of the reliabiiity and
validi£y. Var fation c?nsisteq of two_parts: directional (or

biased) variation' and random. variatidn. _§ubsets of random

4
variation include .both natural subject variance and measurement

~

‘

. A
variange. Measurement variance can be a result of either

\ejuipment or experimentor (measurement) errer in the collected B}

3. _ ‘ ' ‘ - o

d .

As the parameter agsessea in this experiment was the range
of tibial’ diéplacemeht on the femuffﬂthe criterionl measurement
was the visual display of that displacement (provided EBrough the
radiographic 'procedure). Therefore, validity was measured

through single degree -0f freedom compa;isons of each measure

with thebradiographic.measure andmwith‘each other.

1.3 STATEMENT OF THE PROBLEM

The problems addressed in the.study include:'
a) Is"there a significant difference between the A/P
laxity test at thirty degrees of flexion for the f%ye .

t—a -0 S -
measuring procedures and for injured and uninjured knees?
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'b) What are the variance charécteristics of each . a
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measuring. procedure over trials? ,
c)Hov do the four measurement procedures compare to
y -

~

the criterion radiogrgphié technigue? | ° v e

[ -

d) How do the five measurement procedures compare

?
' to each other? -

The experimentor investdigated these problems with the

¥ .following objectives;

-a

A. To determine the differehces among the classical Lachman's

-~

- test for anterior-posterior laxity at 30 degrees of Xknee

flexion, and three mechanical measuring devices all of -
=3 # ’
_ which simulate the Lachman's test: the Genucom, the

Stryker, aﬁa\%hg KT 1000 kneeﬂligamenthtesters. <0
[ i L]
VA “

To determiné the variance in the meBsurements obtained by
- »

oy s

‘~the three devices when all are used Ep aQQéss the same
’%@mple bopulatioms of both uninjured and crweiate
deficient knees (Variance within, over trials, and over

each appafatus).' , _ @
hes . . o _

AQ@
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1.4 HYPOTHESES

. —— -

1. There will be no significant difference in Day 1- Day 2 test

- - scores for the Genucom, Kt1000 and Stryker knee liéament
laxity testers. | | ] |

2. Tﬁére will be no significant di;feréhce between the
-measurements obtained by the Genucom, Stryker, iﬁ]ooo,

radiographic and Lachman's tests. -

3. There will be no significant simple main effect between the

- injured and the non-injured knees tested.

a'A \“v )
\ s 4

- .
N L4

& ( 1.5 LIMITATIONS AND DELIMITATIONS ' ‘ E .

- P $

LIMITATIONS: ' .
1. The major limitation of this study is that it is
confined to only one ligamentous laxity test over-one

specific angle and force gpplication.

4 - -—

—

. 2. The external validity of the study is limited -by the
presence of two factors: i) the clintcal exam was
performed by only one orthopaedic surgeon, ii) the

laxity tests with.the instrumented devices were

o -

) P )
performed by a single trained evaluator, and iii) the

- . force used to evaluate displacement was set at
L ) i

s

twenty pounds.




DELIMITATIONS: -
1. As the subjects included males only, "this wouid remove
the aspect of gender variance. ~

2. A single operator of the devices would similarly rem’gve

o

intra-operator variance. . P -

3. The set force-at 20 lbs would remove the variance found

in the clinical test. Cf
| AN
-~
¥ . . 2
| 1.6 OPERATIONAL DEFINITIONS : ' %5
:}' \ . ¢ s '
. R ' ‘ ¢
- . Anterior-posterior translation C . .
, i =
0 - the displacement of the tibia relative. to the femur when a

force i%s applied parallel.to the joint surfaces.

7 - .

¢

...— A/P - _
[

.

- anterior-posteriér direction, a direction perpendicular to

the long axis of the tibia and parallel to the sagittal

plane,
L] ’ ,

M/L

- rn/edial-?lateral direction, a direction perpendicular to the
;ong axis of the tibia and perpendicular to the s}ztgitta'l
plane.

a direction ctrresponding to the
3 &

)

o : - comprepssion-distragtion,

) -

long axis of the tibia through its centre.



v/v '

-vérus/valgps, a direction around the anf%rior/pqsterior axis.

4

4

= b, .

Internal/external - T -
R * {‘
. - a direction around the long axis of the tibia. X ;
: -
N Relative laxity . ‘ )
8 : . . Y
- the anterior-posterior displacement of the diagnosed |

afiterior-cruciate deficient ‘kneeias cémpared to %he notmal

knee.

- . Y
. . N \
. ~ - _ . ‘ : .
c Physiological ‘ \
- denotes active muscle contraction .
§ ‘ . : ‘ )
Effusion . .

»

- a swelling of the knee joint most often arising as a result

of internal defangemgnt.
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CHAPTER II o -

REVIEW OF THE LITERATURE

2.1 INTRODUCTION

The function of'the knee joint is dictated by many fac}ors.
These factors:‘include muscular dynamics, bony contour, articulér
cartilage, and ligament: restraint. Since the pufﬁose of this
study was to’ evaldate methodology of ‘ligément restraint
aésessment, tﬁ; speciffbity, of the Lachman's test and how it
relates toNthe biomechanics of the kne® joint s presented within
this section. B

o~

2.2 KNEE FUNCTION

The knee performs . many functions in its normal capacity

including, fleiéon, extension, rotation and shock absorbtion.

'g As with many anatomical structures in the body, “the knee joint

and its surrounding structures are subject to a large amount of
individual wvariation. In spite of these variationms, the

functional systems, or functional synergiéé of -knee movement,

- remain re}atively constant.

’ % Structural or functional synergies in the knee occur between
\
the menis~i, ligaments, and bony configuration. Close interaction
P i
between these structlires leads to variable strengths and

weaknesses of each with complementary, compensating strengths to




\
. 3 _ o 9

B €4 ,!_‘,
s

~ ensure adequate controlled deérees of.freedom and restriction of

. movement in the knee.

2.2.1 DYNAMIC AND STATIC LIGAMENTS ' !

The)concept of dynamic and static ligaments is important in
understanding the complex nature of the suppbrﬁgve structures in
the Knee. Static ligaments refer to those which are not
“incorporated into .the contractile tissue. Alternatively, dynamic
1igamenﬁs (medial colléteral, posterior oblique) are those which

are integrated with contractide tissue, muscle fibers and

tendons, (Warren and Marshall, 1978).

( 5 ) Mull;r (1985) found 1large differenées between ligamentoﬁs
+issue which 1is attached fo-bone ‘{static), and those which are
attached to tendon or muscle (dynamic); differences in the r;tio
of dynamic to static 1ligaments varied considerably in a sample
ﬁopulation. It was suggested that the presence of a large number

G o of dynamic 1ligaments could adequately account for the abili£y of
an unstable joint to become functionally stable with increased

muscle strengthening. Furthermore, the stronger the dynamic

ligamenté, the greater protectién they will provide the static

’ < ,
v, ligaments; an important consideration in rehabilitation therapy.
A
~
' 2.2.2 KINEMATICS
Throughout the literature, it is generally agreed that motion
C‘ at the knee joint 4is a combination of rotation, gliding and

rolling between tﬁe tibia -and thenfemur. Rolling and gliding

~
{




L 10
appear te occur predominantly in the sagittal plane; but, it is

cften difficult to discern due to the superimposed rotation in

" thenhorizdntal plane. Rotation occurs automatically at initial

and terminal ranges, of\flexion, and is under voluntary control
throughout the -rest qQf the range of knee flexion. Many authors
have sFudied the concept of simultaneous rolling and gliding as ,
the knee moves through its range. Képandji (1970) discussed the
classical experiment done by the Weber brothers (1836) which
showed that th? tibio-femoral motion throughout knee flexion is a
combination of rolling and - gliding. This hypothesis was
investigated by marking the points of tibio—feﬁoral contact
throu&hput the range of knee motion. Results illustrated that: 1)
the point of contact on the tibial surface moved posteiiorly as
the‘?gge flexion angle increased, ahd 2) the distance between
pointslof contact on the\femoral condyle’was twice as far as the
corresponding distance on the tibial condyle. It is clearly seen,
from these results, that the femoral'éondyie rolls and glides
simultaneously éver the tibial condyies as the kneé goes through
the range of flexion. The gliding portion of this movement
appears to Qllow the knee‘ a greater range of flexion without
posterior dislocation‘of the femoral head.

A ~four-bar linkage model can best illustrate the dominant
movemen!. of the knee in the sagittal plane. The model consists of
the cruciate ligaments (represented by rigid bars) which are
hinged on a line set at an angle of forty degrees £o a given

perpendicular. The fourth linked bar of this system i% moveable
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L]
and representative of the tibial plateau. This bar can be

considered a coupler of the system. If tangential lines are drawn

on the coupler as it moves through the available range, a

L

"coupier envelope curveb can be delineated. This curve appears to

- approximate a sagittal section of the posterior half of the

/

femora.l condylé. If thé, fourth bar of the system, that which

represents the tibial plateau, 1is curved to more accurately
| . . ‘
represent the tibia, a curve is generated which represents the

L]

model can also 1illustrate the varying ratio of -rolling to

gliding as the knee moves into flexion. The ratio changes from

1:2 in/'early flexion, to 1:4 by the end of flexion (Muller,

\

”.

Figure 1.. The Four Bar Linkage Mod.g ‘ N

o -
N

articular surface of the femur more accurately (Fig.1). This .
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As this model does not include the patella, its validity

breéks down where tbe patello-femoral joint occurs at the

anteriér aspect of the joint, influencing the forées genera£éd
by the quadriceps.

Rotation at the knee joint is affected to some degree 5;~
almost evefy muscle acting on or around the knee joint. for'
exampie} the (Q angle of the vastus lateralis ané;fectus femoris
acting at apéroximatgly 10-15 degrees, exerts an internal

, rotation (IR) force on the ‘tibia when the muscle contracts. This
force is balanced by the va;tus medidlis which assists in
nediraliziné‘tibial_ rotation. An important pure rotator of the
kne; is the popliteal muscle which, when the tibia 1is free,
rotates it internally, ;nd when the—~tigia is fixed, controlg

antero-lateral tibial excursion.

Noyes et.al. (1980) discussed the concept of primary and

secondary stabilizers for each plane of knee motion. The

importance of the primary restraints must be condidered when

evaluating the damaged knee. This is due to thé fact that the
sec;ndary ;estraints, although potentially able‘ to restrict
abnormél laxity, are unable to da so ovér a period of time and
varying levels of streés. Therefore, the clinical identification
pf.’primary ligament insu%ficiency is criticgl to piahning

*appropriate treatment.

2.2.3. ROLE OF THE CRUCIATE LIGAMENTS ’

O . The forces imposed by the placement and shape of the two

cruciate ligaments, anterior cruciate (ACL) and posterior
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cruciate (PCL), are components of a functional synergy with the
femoral and tibial condyles.

In relation to fhe afore-mentioned, four-bar linkage model,
the cruciates functionally form two pagis of the bars in the
model. The end ranges of knee movement 'can aiso be defineé by .the
cruciate ligaments. The femoral origins lie on'a line which
creates a 40 degree angle with the long axis of the femur. This

- s

ailows for a range of motion from zero to .145 degrees of

flexion. This placement angle of 40 degrees corresponds to the

angle of the roof of the intéfcondulaf notch relative to the long
axis of the femur. In full exté;sion, the anterior cruciate is in
line with the intercondular notch and theéefore is in a positioq /
to restrict extension. Clinically, this puts the anterior _ ;
cruciate ligament in a vulnerable position if the knee is
hype{gxtended— especially if impinged against the " notch of
Grant" ( Grant and Basmajian, 1965). The clinical presence of
pathological hyperextensibility in the absence :of an intact
=crﬁciate ligament would seem to support this view.

P Alternatively, the “posterior cruciate ligament is aligned with
the roof of the intercondular notch in a position of mgximal
flexion. It is much less susceptible to injury due to its
strength, and the approximation of posterior leg. soft tissue when
the knee is in maximal flexion.

Wang and Walker, (1973) measured length changes in the
anhterior and posterior cruciate ligaments in twelve cadaver

e employed with pin

specimens. Various joint angles w




&

14

S | \ }
insertions at specific points on the ligaments for visualization
|

by radiegraphic techniqueﬁ Results reported that the ACL
. \

gradually increased in ‘l%ngth ten percent from =zero to one
hundred and twenty degrees of flexion, and the PCL was ten
percent longer at zero degﬂees flexion.than at all other lengths
where it remained constant. This suggests a reciprocal action
betweenithe cruciates. Tﬁe length changes seen 1in this study
could be in;erpreted as tension changes with\ the increasing
leﬁgth, but ne conclusive data has yet been presented to address
tension changes in vivo. |

Butler (1980) carried out an experiment designed to rank the

restraining importance of the ligamentous and capsular structures

which restrict anterior-posterior translation at both thirty and

i

ninety degrees of flexion.! It was reported that at the ninety

! .
degree flexion angle, the adterior cruciate provided 85.1 +/-
|

% of the restraining fg%ce to anterior translation, and the
posterior cruciate providéé 94.3 +}i 2.2% of restraint to
posterior translation. Atg thirty degrees .of flexion, the ACL
restraint was 87.2 +/- 6%, %nd the PCL restraint ?6 +/- .04%.
The force/displacement Wae constrained to a po%{tion of neutraé

rotation in the tibia. Thi% study provides an indication of the

' importance of the cruciates in restricting abnormal ‘sagittal

laxity. It must also be| realized that, as with any in vitro
assessmeat, the dynamic efﬁects of the musculature have been

eliminated; thus these ﬁesults may not reflect in vivo

|

|
situations. The next step iw the investigation appears to be to

’ \
o™
! T~

|
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test these parameters in vivo.

The investigation of the normal function of the cruciates,

and their corresponding restraining forces, .is important in

selecting which stresg test is most indicative of'pathology.

.
%

LY

2.2.4 ANTERIOR CRUCIATE

! [}
A great amount of emphasis has been placed 'on the anterior

cruciate ligément due to its unique role in stabilizing the knee

in the sagittal plane and it's frequency of injury.

Anatomically, the ligament consists of two discrete bands of

fibers: the anteromedial and posterolateral bundles (Girgis et

al. (1975)). A selective cut of the anterior cruciate gives an
increased anterior drawer iﬁ flexion and extension, increased
internal and external rotation, and pathological hyperextension.
{t was suggested, (Grigas et aly 197?) that the anteromedial band

of the ACL was responsible for the /increased anterjior-posterior

drawer with flexiop.

14

Cross and Norwood (1979) also investigated the functions of

~

the discrete bands of the ACL ; Three bundles of fibers, the
oA

anteromedial, intefmediate and posterolateral bundles vwere
<;tudied. Functional assessment of the bundles _provided the
following information, the anteromedial gundle contributes to
anterolateral stability, the intermegdiate bundle to strai%pt
anterior and anteromgdial . stability and the posterolateral

bundle to posterclateral stability. Other studies suppérting

these conclusiohs on the function %f ACL fiber bundles have been
i

‘ ) ) \

-

’
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- s B ' [
° - ' - - g 'sg

' I\“ﬂé

.

16 f

Of the five principal functions of the anterior cruciate

ligament reported in the literature, the firét and most critical >

is to resist anterior-posterior translation of the tibia "on the
femur' (Ellison and Berg, .1985, Kennedy and Fowler, 1971). Kennedy
and Fowler (1971) investigated anterior translation of the tibia - o

on the femur through a roentgenographic technique comparigg T

. unstressed and ‘stressed conditions. In a normal populatiory,

measurement of anterior disblacement of the tibia on the femur

aranged from 0.0 to 5.0 millimeters. On a subseguent investigatio

of abnormal knees, a group of séven subjects who presented wjth

pure anterior translation (a range of 7.0 to 20.0 millimetefs)
.
had operative  findings of , isolated, damaged or completely

disrupted anterior cruciate ligaments.
Fukubayashi et. al. (1982) explored the anterior-posterior

'

motion at zero through ninety degrees in nine normal cadaver

knees with dependent variables of tibial displacement, rofpation
and torque. Measurements reported of intact knees consistently

showed that an anterior force‘produced an internai tibial torque
and internal tibial rotation, while a posterior force produced an

external force and exte}nai tibial rotation. When the ACL was

/

selectively sectioned, over double the amount of ‘énterior

-

displacement was seen without any chaﬁge occurring in posteriof

displacement.
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The second functibn of the ACL is to prevent hyperextension g 3

: *
as -+ the pésterglateral fibers become dincreasingly taut in .

extension, (Grigis et.al (1975)).
\ o j
The third function of the ACL is to act as a check to

v

-

internal rotatibn and thus provide rotatory control. Although the
anterior cruciate ligament contributes predominantly tq_'tﬁe
control of rolling and gliding in the sagittal plan;, it also
plays a role in terminal knee extension by guiding the anatomica}
movement of external rotation of the lateral tibial plateau. This
is commonly known as the "screw—ﬂome" mechanism which increases
knee joint stability in pfeparation for weight—?earing (Muller
1983). This function is important to demonstrate that while

e

‘: / aéting as a anterior-posterior stabilizer, the ACL works in
\

synergy with mahy secondary stabilizers. .
In ihg study previoﬁ;ly desqribed, (Wang and Walke;, 1973): -
ligament lenéth patterns were also described during,rotatory
movement. Results showed ca significant increase in anterior ..
cruciate length during intefnal rotat£on when the knee flexion
; angle is’greater than thirty degrees. This increase in length

may indicate the ACL also acts .as a restraint to internal

' roté@ion.
\\gir\\ = e
Shaw et.al. (1974) examined’ the longitudinal axis of the

1Y

knee, and the role of the cruciates, in'controlling transverse
rotation. Both voluntary rotation, which is possible at all

. : -N
angles of knee' flexion, and the involuntagﬁﬁ:;tation associated

‘ «gr,
@

with the locking of the knee in the thirty degrees prior to full “

'

- .
l

]
- #/
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exten.sion,, vere examined. Resﬁ%ts repo“rted the anatomical axis
of ‘Jf%tation_ as 6fa‘ssihg through tr;e mediﬁ intercondular tubercle
of the tibial plateéu. A{ternatively, specimens with sectioned

anterior cruciate ligameﬁts demohétrated irreqular rotatory

patterns in the involuntary pre-extension rotation of the "screw-

home" mechanism. This irrégular_ity is characterized by an

‘ -

anterior displacement of the i«Pia on the femur. The major axis

[

of rotation with the ACL sectionéd ,was difficult to discern but

it is still in the proxirﬁity of the medial intercondular tubercle
) L $

of the tibial plateau.‘ When the PCL was sectioned, there was
very little variation in_the rotatory pattern from that seen
with both cruciates intact. TjkiS led the authors to spechlate on
the dominant rolé of the ACL in controlling rotation. 'I:his

study demonstrates the fourth m&jor function of the anterior

Ay

cruciate: to fine tune the '"screw-home" mechanism in terminal
\
9

exvtension.
The fifth major function of the anterior -cruciate is a

secondary restraint to varus—valgus foyces in combination with

-

the medial collateral ligament. This function is relatively minor

R )

and will not be elabdrated upon in this review .

€

2.2..5 THE EFFECT OF CRUCIATE INSUFFICIENCY
L4 -

Perraps the best description of the cruciates function 1is. a

-

/
concept approached by Huson (1974), and Menschik (1975) in their
discussion ‘of the four bar 1linkage system: " The cruciates

convert a tcue rotational movement into a more complex movement
/

-

of the coupler"., ' \ -
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T Disruption of a cruciate 1ig;rJﬁ"ent abolishes the "gear
mechanisms" (axial function of the cruciates) t,the knee. The
loss of ,this function, ~according to Trillg (1378) and Menshik
%(1974) can not be sufficiently compensated for by the remaining

' structures.

=~ An. insufficiency of the anterior cruciate ligament will
result in a bxieakdown of theq normal synergy of 1rolling and
gliding. This brea?down‘ involves an i sad gliding in the
normally dominant, rolling phase of the screw-home mech;'mism. The.
glidling, combined with increased 1rolling, causes the femur to
froll up onto the posteri’or horn of the lateral meniscus, and
qglide back off as the knee goes into flexion. Chronically this
condition may 1lead to meniscal deterioratibn (Chalandre, 1977;
Olsson,197§).’ One clinicaln test fqr 'cruciate insufficiengy i.s
the pi:vat’ shift. First noted by Slocum and Larson (1968), the
pivot shift phenomenon illustrates the pathologicaZ rota;tory
freedom prevalent in complex forms of -instability. This pinvot
shift action is actually a lateral tibial plateau subluxati@«

which can cause instability, deterioration of the femoral

« condyle, 'and meniscal pathologies (Segal, 1980). The critical

role of anterior cruciate insufficieney in  eliciting this

- . subluxation was  investigated by Jakob and Noesberger (1977) ‘and

v Galway (1979). N

4 ,
Biomechanically, the femur r&lls without gliding up to 30

degrees of flexion, and consequently it is displaced abnormally

eﬁ posterior on the tibial plate\'a-u~(asasisted via the convexity of

S,

%‘?‘:’H_‘;"u N
|
!

1
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the lateral_tibial plateau). The actual éhift is eli‘ci@‘d tﬁrough
t? s'trong valgus press}ure which, favors rolling over gliding when
the ilio—t.\Lbial band is pulled taut by internal rotation of the _
tibia. The tragt forces the iateral condyle of the fémd;: back
until about 30-40 degrees of flexion. At this point it crosses
the cuiminatic;n point of ;:he femoral condyle and the momentary
flexion axis. Upon reachingq this point the femur is able to
return to its normal position. However, as the ’tibia- lies most
distally, it is the +tibia which actually snaps back inte place
relative to the femur. The forcCes /applied by thgﬁilio—tibial
tract (which are able\ to do this because of their anatomical &

structure) enable them to act as both a flexor and an extensor.

of the L~knee(%depending on the flexion angle. The elicitation of

- the pivot shift is often described by the patient as a period of

instability in which he feels the knee "give way" as he pivots.
Consequently, a decreased function -.ability, especially  in,
athletic endeavors, is a major cc'mplaclnt of the ACL deficient !
patient. o

Both the pivét-shi.ft instability (often -°referred to as
anterolatéral rotatory instability), and the pure increased
anterior translation r‘esultiﬁg from ACL deficiency, comprise, in
var‘&(ous magnitudes, the functional and physiological degeneration

associated with this pathology.

2.2.6. LIGAMENT INTERACTION

The normal knee is stable throughout its range of motion,

but the stability is certainly hot constant. The coordination of

-~
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different ligaments' tensile strength varies throughout the

Ly

rangg. What may bg clagsified as pathological laxity, may in

rea1§§¥\ be great;r functional potential in the knee at that
specific angle; greater functiohal potential in terms of an
increased freedom‘ of movement. The greater functional potentiél/

iﬁcreased mobility of the flexed knee is /;ontrolled by the
dyn?mic stabilizers.- Laxity in the "relaxeda;gfee’may disappear
once the dynamic stgbilizers are brought into ﬁlay.

In tibial external rotation, the collateral ligaments are
more tensg, a;d therefore ~of.fer greater resistance to varus or
valgus stress than the cruciates m(whicﬁ are lax in external

rotation). In internal rotation, the collateral ligaments are lax

while the cruciates are entwined with themselves and thus resist

varué—valgus\stressa

With the ,close interaction and synergic activity of
liééﬁents, the "¢linical findings. of : cgmbination ligament
ipjuries (e.g., PCL with posterolateral collateral, ACL with
medial collateral) areluexpected in proportions as high as 80%

(Trillat et al.,a1978).

2.2.8. CRUCIATE INTERACTION IN ROTATION

In every cycle of knee f}exion/extgnsion there occurs a
Eertain amouﬁt of automatic rotaﬁion at the beginﬁing» 6£ flexion
and end of extendign (Meyer,1853); Strasser (1517) found that the
cruciate ligaments lay in a plane set at a 15 degree angle to the

sagittal plane. This shift away from the sagittal plane

Tkl
b
»~%~‘.‘.§
i

.
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corresponqs to the exact ambugt of physiological automatic

iéEatipn occurring in the 1last 20 degrees of extension. The

. - ,/
rotation appeafing in the initial degrees of flexion is the

reverse of the terminal extension rotation.

Grigis et. al. (1975) found an average increase in internal

@
rqtd%ion of 8 degrees in e¥tension after sectioning of the

anterior cruc}ate‘ligament ( range of 0-15 degrees). This study
was done with a knee’that had all other ligaménts intact, a rare
occurrence in real-life ;ituations. ﬂ

Lipke_et. al. -(1981) reported a statistically significant
increase in internal rotation with isolated ACL section. Even
greater increases 1in internal rotation were observed when
secondary structures (the posterolateral complex and lateral
collateral ligament) were sectioned. However, when the secondary
restrai?ts were‘ sectioned without sectioning' of thé ACL, no
significant increase in internal rota£ion was dbserved. The
authors concluded th;t for pathological internal rotation of the
tibia on the femur to occur, there mﬁst be an insufficiency of
the.--anterior cruciate ligément. '

The gruciateﬂligament arrangement allows for theig relaxation
during externgﬁ rotation, and tightening via twisting in inteénal
rotaticn. Simultaneously, the collaterals work reciprocally by
becoming taut in external rotation and lax in infernal rotation.
Together they define the structural ‘limitations of‘ rotation in

\ )

the knee joint. T .
Huion (1974) states that although the cruciates are taut in
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neutral rotation (full extension), the terminal rotation is
allowed because of the posterior inﬁerior slope of the lateral
tibial plateau, which provides énough decrease in longitudinal
cruciate tension to allow them to «coil in rotation. Thus this
tension decrease through the shape of the plateau at fhe end of
extenéion, gives the knee enough freedom of movement to rotate.
This rotatiéﬁ wiﬁds the ACL and PCL around each other which again
increases their tension and helps to restrict A/P motion.
Voluntary rotation at a variety of flexion angles has been
investigated Ey a number of experimenters using a technique of

clamping the foot in a neutral position to isoléteﬂ}he ankle

joint and rotating the tibia *(Reutsch and Morscher, 1977).
‘ 7 “Although the results "*are not consistent between authors, the
greatest rotation seems to occur at 45 degrees of flexion:

Muller (1985) suggests that the amount of rotatory excursion
, available in voluntary rotation corresponds to the amount of
rotatory displacement of the menisci in each flexion angle.

Rotation must be an important éspect for consideration when

¥
3

proceedim$ with the anterior  drawer test. fhe maintenance of a
consistent, measurable degree of rotation is essential, although
at times difficult, as the tibia tends to move into internal
rotation with an anterior force and to external rotation with a
posterior force. This is possibly‘due to the forces exerted by
.. increasing tensiog in the ACL. The increased rotatory motion is

_often misinterpreted as increased'iibial translation. Often, in’

~

"the Lachman's test, a greater anterior displacement occurs on

@

ars, ! .
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the lateral condyle of the tibia due to its greater rotatory

movement.

2.3 EVALUATION OF KNEE LAXITY ‘ -

7 .
T - . Specific knee 1laxity tests attempt to isolate the major
ligaments, and stress them to produce an abnormal movement
(indicative of ligament disruption). The abnormal displacement of

the knee joint has traditionally been assessed qualitativély.

and’ visual perception - of movement between the two joint

-—gurfaces.

Obviously, the accuracy of a visual/proprioceptive techniqué

@ * which measures in units such as millimeters and degrees is
%

questionable. The need for a reliable, valid testing device is
undisputed; but, in Aan attempt to increase accuracy, the critical

asbect of "end—feel"“ (ligament compliance) in the knee ligament

o

exam must not be undermined in its multi-faceted analysis of the

structure. - - . N

This is a subjective assessment involving both a proprioceptive,



2.3.1. CLINICAL EXAM

Torg et.al. (1976) reviewed the clinical and operative
findings of two hundred and fifty knees which came to surgery for
"internal derangement". The operative findings were correlated

with the classic anterior drawer sigﬁ at 'ninety degrees, the

.rotatory instability (pivot shift) test described by Slocum,

(1968) and the Lachman's test. . The knees which had operative

‘ findings of ‘isolated meniscal tears had negative findings in all

three tests both pre and post-operative. Isolated tears of the

anterior cruciate 1ligament resulted in. a positive Lachma?'s
test 6n1y. It was then reported that the Lachman's test is the
only test specific for a diagnosed disruptien of the anteriox

cruciate ligament. Anterior cruciate disruption was also

] , * :
observed in this, study'in 79% percenit’s of knees with tears of

the medial meniscus suggesting a functional relationship between

the two.
A recent investigation by ﬁoséhberg and Rasmussen (1984)
further clarified the functional characteristics of the anterior
cruciate during clinical testing in vivo. Normal subjects were
examined using arthroscopy, and a special probe which was
designed to measure tension in the material it contacts. The t¥P
of the probe was <calibrated in- millimetre increments, apd a
spring scale « mechanism on the handle of the probe allowed the
surgeon to apply é known force to the ligament while the amount
of displacement (Lachman's) was simultaneously recordgg. The ACL

was divided arbitrarily into three sections; anteromedial,
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central and posterolateral. Tension in each segment was

evaluated before and during testing with a drawer test
performed at ninety and fifteen deérees of f;exion. Baseline
tension was reported as being consistently greater at fifteen
degrees of flexion than at ninety. The Lachman s (at fifteen
degrees) produced maximal tension in a%l sections of the

-

ligament (the posterolateral éegment showing slightly lesé),

<

while the cldssic anterior drawer at "ninety produced a parallel

tension increase to a maximal force less than the Lachman's. ‘

This in vivo study, along with that of Torg et. 1 (1976),

supports the specificity of the Lachman s test as an indicator of

anterior cruciate ligamentagntegrity. Once validated in this

manner, the quantification of this test must beekddiessed.
Probably the most accepted scale or classification of degree
of instability is the scale devised by Houghston et.al.(1976): He
describes three levéls of severity in .ligament digruption. A;
first degree tear is deﬁinéé as’ a separation in a small number of
fibers with localized tenderness but minimal instability. This

L 4

is manifested by a joint surfaces displacement of Smm or less.
The second degree +tear involves a greater number of fibers
disrupted, increased generalized tenderness and ;udisplacement of
between \gm and 10mm. Finally, a third Aegree tear refers to
complete disruption of the ligament with a joint displacement of
over 10mm and a corresbonding instability. Houghston admits a

lack of objective accuracy in the test, but states that it

‘"provides a workable scalelfor clinical use". Since the time of

7

o R Sy
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~ the Houghston clasgification, the subjective measurement has been
ﬁodified in?o four grades for the assessment of anterior-
posterior f;ahslation. Each of the four grades indicates a 5mm
increase in translation (Losee 1985).
- -The anterior—posterior test at 30 degrees of knee flexion
which has been incorporatéa into this study has been scrutinizéd
k fairly extensively in the.literature. Markolf (1978) examined
the Lachman's test by recording aqterior—posterior force versus
displacement through-a test appgratus designed to assess in vivo
joints. It was reported that the rate of £hé force applicétion
dih not affect the force—displacemenf curve (0.5 to\ 1.0 seconds)
in repeated medsures. Measurements of "stiffness" were taken as

the slope of the curve at a force of one hundred newtons. Laxity

1

measurements were also taken at this point. Identical curves of

right and left laxity were rare occurrences. Results " of the

analysis reported equal frequency for the most stable knee to be

on either the right or left side. The average absolute values of

the right-left difference for the Lachman's was 1.8mm. The

—

Lachman's test also showed, the greatest right-left differences.
z \ v b

\ 4 -
The average anteriog—postgrior displacement for this test was

i

5.5 millimeters. Finally,aifu was of interest to note that the

' subjects were able to increase their knee stiffness an average of
two to four times when asked to tense their muscles.
In 3 study previously deéscribed by Fukubayashi et.al. (1982),

it was reported that whenl rotation is constrained in normal

‘3 kneeg, a thirty percenF decrease in ahte;ior displacement was

: !
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observed. This could possibly be explained by the rotational
movement being c¢losely linked -to {he anterior translation'such
that they occur simultaneously. &

In summary, the c¢linical evaluation of cruciatgkdeficiency
has traditionally been measufed through the anterior drawér test.
This test, called the ‘"Lachman's test" when performgd at 30
degrees of flexion, has been shown to be spécific to isolated ACL
rupture. There has also been reports of vgriabiiité:ggjthe
measurement of these cases with chgnging rotatory positions of
the Fibia. The wide clinical use gloﬁg with comparative data was

the criteria for the inclusion of this test.

2.3.2. RADIOGRAPHIC TECHNIQUES o ;

There has been a limited amouqt of data in the last decade

[ 4

attempting to quantify knee laxity with radiographic technigues.
Many of the experiments, using‘this technique to measure laxity,

~use cadaver specimens which ~are abl? to have various hardware
pieces inserted into thé knee to serve as.measurement land marks.

The definition of the landmarks is the most difficult task

in objectively measuring off radiographic pictures. Kennedy and

.Fowler (1971) measured in vivo lateral radiographs; but, they did

not define reference points for measuring, therefore the
reproducibility of- their results is unknown. Jacobson (1%76)
also descrfbe@,\a procedure for measuring anterior—postegior
displacement of the tibia on the femur. He used measurement

distances, as defined from specific points, in both the medial
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and lateral femoral condyles. The measurements

£ilms usi

lateral fe

Tt
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were made off the

ng vernier d calipers. An average of the medial and

moral condyle displacements was used to obtain a value

L
for the total displacement in each knee. Results from this study

showed tha
confidence
biological

Kennedy a

t for 50 normal male and female subjects, a 95%
interval of 2.4 mm was established with a wide

!
.variation between subjects. The author disagreed w}th

nd Fowler (1971) who stated that both medial and

lateral condyles displaced an average of, 5 mm with anterior

traction. Their results showed the medial condyle displacing .an
average of 5.5mm and the lateral QmQTkﬁ}Qs?bson (1976) claimed

discrepancy was probably due to confusion regarding the

. that this

position of the posterior copdyleé of the tibial condyles which

were used

2.3.3 INS

as measurement réference points.

¢

TRUMENTED DEVICES

t

v

The importance of obtaining quantitative dat? for knee laxity

paramefers has led to the production of wvarious testing dev;ées.

» i
Most of these devices, such as that°described by Markolf (1978)!

are design
4 increase

diagnostic

applied,

are two

laxity: the Stryker knee ,(laxity tester and the Med metric KT1000

ed for experimental use. However,

in frequency, and physicians

as

at

clinical studies

tempt to imprave

accuracy (reliability), the need fo¥ an easily

objective testing device is apparent. Presently there

devices which selectively' measure

anterior-posterior

with the Genucom measuring three dimensional tibio-femoral
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displacement. " y ’ .

9 N ¢

The KT1000 ’Knee Arthrometer measures anterior-posterior
tibial excursipn_relaéztz to”the femur at 20 and 90 degrees of
knee flexion.. The lower limb is positioned by a thigh and a foot
rest in a position of constant flexio; and tibial rotation. The
foét rest provides sbme cénstraint to external rotation in‘the‘
initial position of the tibia, but does nof interfere during thet

test.. The deviqs attaches with two velcro straps onto thé“shaft
2

‘6f the tibia, andihas a moveable portion which rests oh the

patella. Two~ sensor padé are incorporated into the device;none
on the patplla and one contacéing the tibial tubercle. A
ﬁeasurement of relqtive motion between the sensor pads’'is
obtained when the examiner ﬁapplies an anterior-posterior force

to the tibia, frior to measureﬁent, a tesfing reference position

- 1s established as being the resting position of the nee .after

applying and releasing a 89 N‘Aposterior load. A dial gaudé'

registers the digplacement, and the amount of force is measured

through a force sensing handle located ten centimeters from the

‘joint liné.gDisplacement can Qed read from the dial to the

nearest millimetre.

Daniel et.al. \k1985a) investiéated this device in three
cadaver specimens: thrée —hundéedm and thir;y eight normal
subjects, and eighty nine patients with ACL insufficiencies
(unilateral). Results from normal in vivo knees exhibited a

<

total A/P displacement at a force of eighty-nine newtons (twenty
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one bodnds). i éompliance index >"was aisc determined for these
su%;gdts as thé increase in .arterior displacement between
sixty-seven and eighty-nine newipns. The lbilateral difference in

.the complfance index was not greater' than 025 millimeters for
ninety-three percent of the normal-patients.
s Conversely, the mean anterior-posterior displacement in the
‘ . subjec%s with anterior cruciaée ligament disruption was 13.0
! millimeters and the mean difference\?f the bilateral compliance
ihdex was 1.7 +/-= 1.1 millimeters. Eighty-five percent of the-

L4
sample showed a bilateral difference in the compliance _index of :

s ~
¢
over 0.5 millimeters. In contrast to the findings of Markolf et.
al. (1978), it ‘was observed that ninety two percent of the
( ] subjects had an absolute difference between sides of no more

than two millimeters; thus appearing to be fairly symmetrical. In

the subjects with unilateral ACL deficiencieéﬁ ninety six -
i . ‘ ¥ ’ -
percent had right-left difference of over §wo millimeters (mean

j
of 5.6 millimeters). This result was consistent with that found

—

by Markolf et.al. (1984) and Shino et. al. (1984), who found mean

o i rer

o differences in similar situations of 5.5 millimeters and 5.7
1

millimeters respectively. . .
. * \

-

o
«

Daniel et.al. "(1985b) also reported on the use of the 1000

I
’

for the ﬁeasurement of patients with acufe anterior cruciafe

ligament disruption. One hu;atgg/,and thirty subjects were

.assessed within two weeks of'théir initial injury.‘NormaI/Values

n
vere established through the evaluation of one hundred and

-

i
‘:z !twenty normal subjects. The average tibial displacement\?t a
| Ll

-
£
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twenty pound force was 7.5 mill{meters with a standard deviation

of 1.9 millimeters and a range of 3.0 mm "to 13.5 mm. The
compliangé %:index (difference betwéen tibial excursion with a
fifteen pound‘ foréé and a twent§ pound force) for the normal
knees had a mean of 0.9 with a stanéard geviétioﬁ’of 0.4 and

range of 0-2.5. Right-left differences averaged 0.8 millimeters

o With~a compliance index difference average of 0.2 1b/mm.  The

validity of fh&s\siyice in terms of its ability to measure
incr:aéed sagittal tibial displacemert in ACL deficient knees
was not shown to be statistically significant.

Reliability’of this testing device has ';§£,beeﬁ specifically
aésessed.u However, in a samgle of 25 normal subjects—an average
dis&lacement of,7.6 mm (standard deviation= 1.7mm and range¥4.0
to 12.0 mm{_was reported by Daniel et al. (1985). It is important
to consider how the device controls for extraneous variables. The

-~

KT1000 deals with the possibility of hamstring tightness through
. ¥

thigh massage and thpough performing some rapid A/P oscillations .

°

on the tibia prior to measurement. Flexion angle is maintaingd
at 30 degrees through the.positioning device. External rotation

is slightly cénstrained, \but internal rotation is left free.
N .

Soft . t;séq compensation is a prcbleﬁ to be considered in two

areés of hconﬁact: at the ratellar button and at tﬁe tibia. At
BN

the tibia, soft tissue compensation in the posterior force
applifﬁtdcn is negligible as there is no muscuylature covering

the anteromedial shaft of the bone. Anterior force appliéation

S}

is applied through a strap beneath the gastrocnemious muscle

[
¢
V.
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e . .
group, and soft tissue compression is contre¥led for when the

tigsue must be fﬁii& compressed before affecting the tibial
displacement sensor. At the patella, a manual force is applied
throughout the test to coﬁpress the patella w#ﬁhin.the femoral
trochlea. As it is difficult to maintain a consistent amount of
force at tiﬁes while simultaneously applying the displacement
force, the possibility for error must be taken into account.

Also, if the knee is swollen, it is difficult to compress the

patella within the trochlea. .

]

, A similar device to the leOOO is the sagittal knee lagity
tester manufactured by the\ Stryker Corporation. This also
measure anterior-posterior tibial displécement at 20 to 90
degrees§;& flexion. The tibia is maintained in a neutral position
and the examiner uses a instrumented force applicator to apply a

specific amount o£ force to the tibia in a sagittal plane. The
subject is seated on a positionipg platform in a relaxéa posture

of long sitting while both thighs are secqred with a velcro strap
to avoid rotatory forces. An "aligner device" is then attached to
the leg about to be tested by two elasplé strgps: one at the
tibial tubercle and the other at the malleoli. The proximal
portion of this alignment device 'extenﬁs tol fo;m the patellar
button which rests oﬁﬂ top of the patella. When positioned
correctly, the device is almost in 1line with the shaft of the

tibia except for a distal lateral deviation to account for the

quadriceps Q-angle. Translation is measured between the two

.

reference points, patellar button and tibial tubercle of this

I —
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A

~compc;nent, and indicated on a spring-operated scale located on
the patellar compongnt. The spring~loadeﬁ force applicator has
an accuracy indicated to the~neafesg/gound.‘whe available force
range is 40 pounds in either direction. Calibration pf the force
applicator was tested with predetermined weights of 20, 30 and%40
pounds prior to the testing procedures. The measurement scale on
fhe patellar button is in millimeters and ié calibraped at the

zero position when placedoon the patella. As with the KT1000,

~

o

hamstring relaxation maf be faéilitated by rapid A/P
oscillations and thigh massage. T?F flexion angle of the knee is
obtained using a positioning devicg which can be adjusted to
test at various degrees of TfYexion. There is, however, no
_qpntrol for. either internal or external rotation of the tibia.
Soft-tissue compensation at the site of the force application is
established in the same manner as described with the KT1000. At —
t?s,patella,\however, a controlled amount o; compressive force is
. obtained through a spring 1loaded in the patellar button. To
date there has been no data published concerning the reliability -
and . validity of £his dg:ice. The scale is displaced with the A/P
appligd force, and returns to the initial testing position to
leave a measurable displacement reading in millimeters on the
scale. The force applicator is also spring ope;éé%d with a range
- of 40 pohnds-in anterior and szgerior directions.
— The advantages of this d?vice are: 1) Mobility; which allows

it to be used in the operating .room or in athletic therapy

clinics. 2) It is able to provide an easily obtainable objective

g / -
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discomfort to the subject. Alternatively, its dlsadvantages
include: 1) Lack of sufficient rotational constraint of the femur
and the tibia, leading to possible vériation in measurement. 2)
TheWforce handle does not %ndicate exact measurements, and is
difficult ta sSee Ypile‘ force is being applied. 3) Accuracy of

9

the recording component at the patellar button is questionable.

_To elaborate on the third factor,! as the tibig displaces with

respect to the femur, the mérker on the corresponding A/P scale
is displaced simultaneéusly.v When the'force is withdrawn the
tibia returns to "neutral" and the displacemept scale is shown.
This device operates on the assumption that the "neutral"
position of the tibia is consistent; an assumpfion which may be
questionéble if the normal range of +tibial translation on the
femur is considered. If the tibial“position does not return to a
consistent neutral position, the displaceﬁent "readiné will not
be accurate. _ -

The Genucom device consists of a computerbased ' system
indorporated into a patient testing chair. The system is
controlled by a program disk which is run through one of two disk
drives located in the base of the machine. The second drive is
for patient disketteé which are formatted by the program disk.
The patient disk is prepared by creating a file on the patient
and listing relevant identification information. '~ There is a 6
component force dynamometer built into the <chair to. measure

forces and calculate moments applied to the knee. A six degree of

~ — - —measurement—ofknee laxity 1in the ‘sagittal plane with minimum
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i

- : :
- freedom goniometer is attached to the +tibia in order to measure

the joint angle-and tibial / feméral displacements. This device
has a documented accuracy of +/- 1mm translation on sliding
displacements, +/- A degree on rotational measurements and +/-
4.455 N on appligﬁ forces as measured via the dynamometefg(Raab
and Fraser, unpublished). Three-dimensional knee position is
initially recorded through - digitization of specific bony
landmarks surrounding the kneg;.A point digitizing attachmept is
mgunted onto the electrogoniometer and can be used to locate
spacial points. This information is recorded onto the patient
disiette and the goniomet;r ‘subsequently attached to thé‘distal
end of the ﬁibia where, on displacement, it records knee
position based on the aigitizea coordinates. Force is recorded

simultaneously with displacement through the dynamometer.

The subject is initially installed into the -device; a

process which involves stabilizing the trunk with a velcro strap

at the'waist, resisting the greater trochanter area of each hip,

and buttressing the femur. The femur 1is buttressed in four

‘direcpions: anterior-posterior and médial—lateral. After the
N

installation, the proéram goes into a procedure for soft tissue
compensation. Tissue deformation is compensated for in sik
directions: anterior-posterior, _medial—lateral, and superior-

inferior. This compensation is measured by a sequence of hand-

~applied forces (in the range of 112 to 156 Newtons) on the distal

*

end of the femur. Once this compensation has been established,

the operator then proceeds with the specific tests desired.
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. Tests which are included in the evaluation procedure consist
of: the anterior-posterior drawver 'test, the dual
anterior-posterior drawer teét,— the internal- external
rotational stress test, the varus-valgus stress test, the genu
recurvatum/screw-home test, and ~the pivot shift test. The
advantages of the Genucom system include: 1. the simultaneous
measurement of sagittal-displacement in the £frontal plane, axial
rptation, frontal displacement in the sagitfg?" plane and knee
flexion angle at any desired Qegree. 2. force can be measured in
six directions throughout the test (an important factor in
controlling extraneous variables which may influence
displacementi. 3. forgé is plotted against displacement giving a

continuous data recording for evaluation. Disadvantages include

the initial cost of the machine, the fact +that the machine is

_non-mobile, and the expefience required to accurately perform

the tests. Reliability data for the Genucom is addressed in the
present study.

Evaluation of knee joint biomechanics is a:complex area as
is reﬁlected in the. quantity of 1literature relating to this
topic.. The cruciate ligaments are involved in the control of a
variety of three-dimensional physiological movements throughout
the normal range of motion. This complegity and inter-
feiatibnship of the cruciates with many other mobile and static

structures is of principle consideration in 'the assessment of

I
_— -

cruciate function and integrity.

.

s .
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CHAPTER Z‘[I I
) METHODS- AND PROCEDURES

The goals of this study were to investigate: 1. whether the
three instruﬁented devices, KT1000, ‘Stryker, and Genucom,‘wer;
reliable in repeated measures on a single subject. 2. whethe;
there was a significant difference betweeh tests of A/P laxity at
thirty degrees of flexion between the five measurement procedures
(Clinical examination, X-ray, KT1000, Stryker and Genucom): and
3. to describe the ;ariance characteristics of the three devices‘
over a number of trials. ‘. —

These goals were addressed through a two part design. The
first part concentrated on characterizing the variat{gp of the
three devices ( KT1000, Stryker and Genucom) over a two_ day time
ffame using a single subject and a group of ten normal’subjects.
This data was collected and a two-factor ANOVA with post-hoc
comparisons was employed to assess the vériance characteristics
of each device. The second part of the study! involved a similar
ANOVA design but incorporated additional factors, the clinical
and X-ray devices to test against accepted diagnostic procedures,
and both normal and cruciate deficient knees to test the clinical

ability of the measurement proceaures to distingdish between the

two populations.

3.1 SUBJECTS

In the first part of th% study, ten male subjects were

-
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/ . N
assessed. One of the subjects was measured ten times on each
device for -the two days and the other nine had three scores
taken with the averége of these used in thé“analysis. All of the
subjects were between the ages of 22 and 25 years with no history

of knee injury or pathology.
In the second part of the study, fifteen male subjects

between the ages of 18 and 26 years with unilateral chronic
anterior-posterior 1laxity were evaluated. The subjects were
referred from the practice of a local orthopaedic surgeon.

Subjects were excluded on the basis of having: a) severe
functional disability with normal daily activity, b) séCZ;e
séiuctural abnormality of the Xknee and/or c¢) recent knee injury_
with effusion. This data was "obtained from the clinical records
of the patient along with a patient information questionnaire
(Appendix II). ) C .

Both the 1left and right knees of each subject were tested.
The order of testing was balanced to minimize possible effect of
testing order. In order to decrease va;iance due to gender, the
population was réstricted to males. ' |

~

3.2 DESCRIPTION OF THE STUDY

©

The present study incorporated two parts. The first part of
the stﬁdy involved an individual assessment of the reliability
and validity of the .three mechanical devices while the second

part investigated the relationships between the five measurement

prdcedures. Both parts involved a factorial design.




3.2.1. Part 1 ‘ t

In the first part of this iﬁvestigatio;, the three meéhaﬁical
devices, the KT1000, the Stryker, and the Genucom were evaluated
separately on ? single subjectﬁgnd ten pormal subjects (Table 1).
This was dong in order to asséss reliability for the
device-operator combin;tion. Day 1t / Day 2 reliability was
described througﬁ a ’2 factor ’ANdVA desi;n, one factor being
DEVICE which included each of the mechanical degices and the

other factor being DAY, (Day 1 - Day 2).

U

- b

3.2.2. Part IT

Two two-factor ANOVA designs were included in the second
part of the experiment (Table 1). Thé first factor, A, remained
constant 'over both ANOVA's and was defined as the procedure used
for laxity measurement. Five levels of factér A were included:
1. the radiogrﬁphic streés test, 2. the clinical evaluation, 3.

the Genucom assessment, 4. the KT1000 proéedure, and ‘5. the

Stryker procedure. The second:.factor, B, consisted of the knee

, bopulation, cruciate deficient and normal.

-
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TABLE 1: DESIGN MATRICES

M 3
PART I: MEASUREMENT TECHNIQUE BY DAY —
J /
L FACTOR B: FACTOR A: .DEVICE ~ .
DAY 2
| , ! GENUCOM | KT1000 | STRYKER 4
e o - R |
\ | DAY 1 ! g P !
[P f o S S !
| DAY 2 ! ! ! '
. PO e RS |
r
C - - '
' PART II: MEASUREMENT TECHNIQUE BY KNEE
FACTOR A: MEASUREMENT TECHNIQUE
FACTOR B:
_ KNEE
"‘ ——’—‘-“_—-'—'——_——'——‘—: ——————————————————————————————— W — S e G — " —— -
! ICLINICAL ! STRYKER | KT1000 | GENUCOM ! XRAY |
! 1 ! I | ! !
| INJURED ! = ! ! . ! !
! ! b ! ! ! |
LS e e .
| : \\\% oo L ! ! !
: |UNINJURED - A o ! !
; , ! [ | ! f ] |
o ! ! ! ! ! i !
» The dependant variable in both parts of this design was the

measurement of tibial displacement relative to the femur in the

sagittal plane. , A
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N ’

In part II five measurements were collected on each subject
_for each level of the independent variable except for the
radiégfaphic and clinical\measurementg. The average of the-five
‘scores was recorded as the subject's true score.
Data for each of the evaluations was recorded on separate data
collection sheets in order to ensure that tﬁe examiner was not
\

aware of the other scores of the individual.

¢

3.3 EVALUATION METHODOLOGY

L/ \
3.3.1. CLINICAL TEST \

In the clinical test: commonly recognized as the Lachman's
test, the tibia was maintained in a neutral posiﬁion. Both knees
wvere evaluated at a thirty degr&e flexion angle. The laxity was
graded according to anmodified scale of the one used by Houghston
and others (1976) and was recorded by the physician (Appendix
III). For the purposes of statistical analysis, the Houghston
scale was employed with the addition of an initial level of d to

describe no observable displacement.

3.3.2. GENUCOM TEST

<

Thé Genuﬁom testing device 1is a cémputef—based instrument
which consists of an evaluation chair with an attached computer
terminal. Within the chair is a 6 component force dynamometer and

a 6 degree of freedom electro- goniometer which attaches to the

.

patient's tibia to measure tibial movement relative to the femur.

A
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~The patient was "installed" into the machine in a procedure

which stabilizes the trunk, hip and femur. A soft tissue

compensation p;ocedure was then completed to ensure that true

tibial motion relative to the femur was being measured, and not
displacement 6f the surrounding soft tissue.

Prior to’ attaching the * tibial goniometer holder, the
following: lahdmarks were digitized with the goniometer:rmid
points of the tibial tubercle, medial tibial condyle, lateral
tibial condyle, and the anterior midpointg of the medial and
latérai femoral condyles. The anterior drawer test was performed

at 30 degrees of flexion. Three tests were done on each subject

with the average taken as»the subject's score.

Q

“

3:3.3.STRYKER KNEE LAXITY TESTER
The Strfker Knee Laxity Teéféi consists of three components:
one designed for the application of an appropriate force on to
the tibia, one for the measurement of tibial translation relative
to the femur, and -a component _ to .Secure the %9wer limb and
position the flexion angle of tﬁe” kné%i Tﬁe force applicator
quantified the amount of force applied éﬁ?éﬁ}h a spring and
cor;esponding force §cale. The component designed to measure
tibial translation éonsisted‘of-a plunger with a "buttoﬁ" which
rests on the\patella and is attached to a metal rod. This metal
Irod was secured to the lower leg by two circumferential elastic

é;raps. The first strap was positioned distally, five centimeters

proximal to the malleoli of the tibia, and the second - strap at

‘ )
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the tibial tubercle. Care was taken to properly secure the

proximal strap, as translation was measured relative to this.

by

landmark at the tibial tubercle. o
The Stryker testing device was operated# according to the the
following procedure. The subject was seated on an examination

table in a position of long sitting to relax the hamstring and

~quadriceps muscles. Both of the lower limbs were positioned on -

the device "at a 30 degree’flexion angX%. A velcro strap secured

P

the lower end of each femur a distance of approximately ten

.centimeters from the tip of the patella; The 1lower leg rested on

‘ a padded bar which did not constrict tibial rdtat{Bn in either

direction. The sprigg operated force applicator was used to apply

a perpenaicular anteriér;posterior force at a distance of ten

.
centimeters distal to the joint line. ’ )

A |

3.3.4. THE KT1000 KNEE ARTHROMETER

The KT1000 knee arthrometer is a

- %
attaches to the anterior aspect of the tibia (Figure 2). ' A thigh
support and foot suppogg are also supplied with the device to

aid in positioning the limb for testing. These'supporﬁs do not

restrict . internal rotation of the tibia; however, the lateral

agpect of the foot support offers some restriction to external
rotation of the tibia.
. The arthrometer itself was fastened onto the tibia with two

velcro straps. Within the device, two sensor pads at the patella

and at the tibial tubercle {iiicgted relative displacement in the
/ rﬂ"~

self contained device which

e

A
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" anterior-posterior direction. Displacement force was applied
througl; a force-indicating handle located ten centimeters distal
to the joint line. An audiotone signaled at force applicat-io“ns
of fifteen pounas (67 newton) and twenty pounds (89 newton) in
both anterior and posterior directioms. Pressure was ;pplied to
the patellar sensor pad ‘to stabilize the patella in the trochlea
of the femur. A constant firm pressure ‘was applied throughout the
test. In;tially, a reference ‘point wvas found by repeatedly
applying posterior orcl:e until a rep;oducible, unloaded kne’e
position was found. The instrument dial was then set at zero,
and anterior and posterior forces applied. Displacement was
recorded from the dial on the arthrometer.

Each of these pieces of equipment were designed to measure

horizontal displacement in the sagittal plane between the tibia

and femur. . N

3.3.5. RADIOGRAPHIC MEASUREMENT

Each subject was evalu\ated bilatérally through stress
radiographs. The subject was seated in long sit¥ing with the leg
(knee) to be tésted secured in a positio o—f ‘30 degrees of
flexion, with the femur clamped in the A/P,‘t d medial-—laterai
directions. The ankle lwas loosely strapped to a neutral

rotation position. A velcro strap was fastened securely onto the

tib\ia approximately ten céntimeters from the joint line. This '

strap had a coré attached to it which was aligned perpendicular

J
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Wiizh a posterior force of twenty pounds ap
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to the shaft of the tibia and clamped in place. Tension was

applied on this cord with a strain gauge measuring force to a
value of twenty pounds just prior to x-ray film exposure. The

X-ray film cassette was posifioned parallel to the sagittal axis
of the knee joint directly against the lateral joint line. The x-
ra‘;’/beam was coned in from the ranedial—--lateral direction ‘and the
picture taoken. The procedure was then repeated for the alternate
knee. Syperimposition of the two femoral condyles.was established

for each picture in order to standardize the amount of femoral

rotation which <c¢ould interfere with measurement accuracy of .

anterior-translation. Two radiograpks were taken of each Kknee;

one with an anterior force of twenty pounds applied, and one

;lieli. Measurement of
total displacement in ?he anterior-posterior direction was done
by superimposing the two films on each other, alignment of the
femoral condyies, jand measuring, with vernier calipers, the

total tibial displacement from the most anterior position of the

tibial tubercle.

3.4 DATA COLLECTION AND ANALYSIS s

in Part\ I, the analysis of the single subject / day1l, day2
data was done using a 2-way ANOVA. This was followed by post-hoc

compariéon’s in which.a Scheffe test was incorporated tgl control
P

for experimentwise error. The ten subject / dayl, day2 group of

\
data was also treated with the same method of analysis. The
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single subject ana‘lysis was done in order to investigate the
device-operator reliabjlity. The t;n subject group was added to
further aid in its clinical applicability and sfrengthen the
application of the data collectec:i in the second part of the
study.

The analysis of Part II also consisted of a two way ANOVA
followed by post-hoc tests to iocate the source of variance. An
alpha level of 0.05 was utilized throughout the statistical )
analysis. °

All of the statistical analysis was done using the SPSSX:2.1
program on the MUSIC (McGill University System of Interactivé

Computing) system.
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) TABLE 1: DESIGN MATRICE

PART I:. MEASUREMENT TECHNIQUE BY DAY

FACTOR B: FACTOR A: DEVICE
DAY

. : | GENUCOM ! KT1000 |  STRYKER |
R T T e s \
! DAY 1 x : ! v
R T T |
! DAY 2 | ! : - |
e R e e B |

‘ PART II: MEASUJEMENT TECHNIQUE BY KNEE
FACTOR A: MEASUREMENT TECHNIQUE

FACTOR B:
KNEE
! ICLINICAL ! STRYKER-! KT1000 | GENUCOM | XRAY |
! : ! ! x x !
{ INJURED | ! | | ] : !
! | l l ¢ : !
T S |
!

| »

’

!
{UNINJURED |
|
|

-

The depen;ant variable in both parts of this design was the
. -a:‘ : ’
measurement of tibial displacement relative to thre femur in the

+ sagittal plane.
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CHAPTER FOUR
ANALYSIS AND RESULTS

The study' was designed to make a comparison between the
following knee laxity devices, Genucom, KT1000, ‘Stryker on the
basis of anterior-posterior translation measurement (in
millimeters) in the sagittal plane. This chapter includes
sections concerning: 1. subject description and characteristics,
2. results of Part I: reliability measurements for the Genucom,
KT1000 an the Stryker laxity testing‘devices and 3. results of
Part II, the analysis of variance between the twb independent

variables: knee populations :(normal and cruq;;te deficient

knees) and the five measurement procedures.
/

" 4.1 SUBJECT CHARACTERISTICSi PART I AND PART II

In the first part of this study which investigated the

reliability. of the Genucom, KT1000, and Stryker devictes, ten

N

subjects (none of whom had a history of knee pathology)’were used

‘'in each of the repeated evaluations. These subjects were of

similar muscular morphology. This similarity in muscular

development 'refers to a minimal amount of adipose éoft tissue

-

surrounding the knee joint, and is important in minimizing the

!

error created by excess soft tissue surrounding the bony

prominances. Prior to initiating the testing sequence, the

subjects were instructed in a éequence of stretches for the

‘hamstring muscles in order to minimize variation due to muscle

1

[l sian N,

_— ettt
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stif fhess. *
A total of fifteen subjects were tested in the second part of

the investigation. Fourteen of these subjects had unilateral

cruciate ligament deficiency, one bilateral cruciate ligament

defi?iency, one posterior cruciate deficiency, ané one vith _ no
documented pathology. A total of fifteen normal and fifteen

" cruciate deficient knees were assessed. The subjects were all

; requested to £fill out a patient information form in order to

provide a more detailed description of their pathological history
(Appendix I1) . The information collected from +these

questionnaires is summarized in Table 2.

i

( TABLE 2

SUBJECT INFORMATION SUMMARY

SUBJECT AGE INITIAL INJURY SURGERY MENISCUS A

CL PCL
1. 23 NOV. 1981 SCOPE X X
2. 21 OCTOBER 1983 REPAIR X . X
3. . 25 OCTOBER 1982 REPAIR X X
N 4. 24 APRIL 1986 SCOPE X
5. ) 25 NOVEMBER 1980 SCOPE X X
6. 21 JANUARY 1981 - ' X
7. 24 NQOVEMBER 1978 SCOPE X X
8. 27 SEPTEMBER 1982 - X
9. 26 MAY 1982 SCOPE X X
10. 22 - MARCH 1985 SCOPE X X
. 1;. o220 SEPT 7 1985 REPAIR ; X
12, 25 AUGUST 1982 SCOPE X X
13. 28 JULY 1980 SCOPE . X X
14. + 28 MARCH 1980 SCOPE X X
‘ JULY 1983 REPAIR X X
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— , The sample population consisted of\%teen anterior cruciate
deficient .knees, and one posterior cruciate deficxzzi.ent~ subject.
The_ .majority of the subjects had some gssociated meniscal
pathology (eléver; out of fifteen). 'f'he subjecté were |
hombgeneous in age, ranging from 20 to 28 ‘years. The length of
time from the initial injury until testing ranged from three
months to eight years. Most of the injured knees had undergone
arthroscopic surgery (thirteen of fifteen), and four of the

fifteen had undergome a ligament repair procedure.

4.2 PART I: I-{_ELIABILITY DATA ANALYSIS '

The analysis of data collected with each of the three
instrumented devices was an important pilot study prior to the -
evaluation of the five ‘measur.ei'nent procedures in order to
“increase the clinical i applicat_ion of * the results. A sing]le
subject was tested with each device 10 times for two’subsequent
days. Ten .normal subjects were also tested on each of the .
devices for two subsequent days. This design was used in oxder
to: 1. me;':lsure variation due to normal day to day knee laxity

(single subject) and 2. measure variation in a normal -population

ove/ a two day period. ‘ ' (""“\/ /
: /

4.2.1. STATISTICAL DESCRIPTION OF THE VARIABLES

As can be noted in Table 3, the descriptive statistics
' o for both the single subject and ten subject reliability data are

quite similar; although, as expect\ed, the variance and ‘
‘Q '




SINGLE SUBJECT

standard deviation is much gre

-
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ater in the +tén subject values.

The ten 'subjgpt design treated each Xknee as a séparate entity,

thus increasing the subject number to twenty. .This vas done as

the right -left differential was not being addressed in this

section.

TABL

/

E 3A

DESCRIPTIVE STATISTICS: PART I RELIABILITY DATA (millimeters)

GENUCOM
DAY 1 MEAN STD VAR

" RT.KNEE 6.8 .789 .622
LT.KNEE 7.1 .876 .769
DAY 2
"RT.KNEE 7.3  .675 .456
LT.KNEE 6.7 .823 .618

TEN SUBJECT

DAY 1 7.75 2.17 4.72
‘DAY 2 7.8 2.44 5.96
TABLE

KT1000 STRYKER

MEAN STD VAR MEAN

3B- -

PEARSON PRODUCT MOMENT CORRELATION

GENUCOM DAY1 WITH GENUCOM DAY2

KT1000 DAY! WITH KT1000 DAY2

STRYKER DAY1 WITH STRYKER DAYZ

R-VALUE (ALPHA=0.05)
.73
.787

.75

STD

.675
1.07

<876
-422

1.51

1.40

R
<53
.61

= S

VAR

.456
1.16

. 767
.178

\

2.217

1.96




4.2.2. ANOVA RESULTS: RELIABILITY DATA

Tables 4 and 5 indicate the ANOVA Summary tables for single
and -multiple subject dayi day2 reliability data. )
} Table 4 shows that there are significant F ratios across the
factor DEVICE (Genucom, Kf1000, and Stryker), but not across the
factor of DAY. This finding led to post-hoc orthogonal
comparisons between devices. These comparisons indicated that the
devices which had significant score differences were: 1. ‘the
Genucom with the KT1000 and 2. the Genucom ‘with fhe Stryker.
This was further verified with a Scheffe test correctea for

experimentw;se error. o

The ten subject analysis summary in Table 5 also indicates

‘a significant F ratio over device, but.not over day. Post hoc

}

comparisons indicatgd ~fs_imilar results to the single subject
analysis in that the devices showing significant‘differences in

scores were: 1. the Genucom and the KT1000 and 2. the Genucom and
the Stryker. These were also c;nfirmed through post—hoc Scheffe
tests. Pearson Product Moment Correlations for the data on two
éubsequent days showed‘high correlations for all three devices.
The Genucom had an r value of 0.73, the Kt1000 an r value of 0.78

and the Stryker an r value of 0.75 (alpha = 0.05).

53
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ANOVA SUMMARY TABLE:DAY!1 DAY2 SINGLE SUBJECT -

Source of Variation
Main Effects
~ DAY

DEVICE

2-Way Interactions
DAY DEVICE

Explained
Residual

Total

POST HOC COMPARISONS

DEVICES

Ss.
137.150
0.833
136.317

0.217

137.367
78.600
215.967

DF

3
1
2

5

114

119

* 1. GENUCOM WITH KT1000

* 2. GENUCOM WITH STRYKER
3. KT1000 WITH STRYKER

MS
45.71
0.83

68.16

0.108

27.473
0.689

1.815

T-Value
-11.04
-13.22

2.18

F SIG F
66.3  0.000
1.209 0.274

98.856 0.000
0.157 0.855
39.847 0.000

Scheffe Range Value
3.51

* denotes a significant difference as
- determined by the Scheffe value ( ALPHA=0.05)

<




TABLE 5 N
ANOVA SUMMARY TABLE:DAY 1 DAY 2 TEN SUBJECT
Source of Variation Ss ) DF : MS ‘ F SIG F
Main Effects . 22.058 3 7.353 2.25 0.08
DAY 0.008 . 1 0.008 0.003 . 0.96
DEVICE 22.050 2 11.025 3.385 0.03
2-Way Interactions '
DAY-DEVICE 0.007 2 0.008 0.003 0.99
Explained ‘ . 22.075 5 4.415 1.356 0.24
Residual 371.250 114 3.257
Total ©.393.325 119 .

POST HOC COMPARISONS

T-Value Scheffe Range Value
1.GENUCOM WITH KT1000 3.51
2.GENUCOM WITH STRYKER ° .
3.KT1000 WITH STRYKER .

*

DEVICES

*

* denotes a significant difference as
determined by the Scheffe value (alpha= 0.05)

\ Y

4.3 PART II; MULTIPLE DEVICE, NORMAL/ABNORMAL KNEES

<

4.3.1. ANOVA RESULTS:PART IT 4

An ANOVA was performed .on the dependant variables to test
for any significant differences between the levels of each
independent variable: the five testing pfbcedures, and the normal

and cruciate deficient knees. Table 6 provides a summary table
. .

of the ANOVA including the sums of squares, mean squares, F-ratio
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and significance of the F value. The‘ omnibus, or overall
F-ratio, was significant (alpha= 0.05) in this analysis~ leading
to a further statistical investigation as to the location of theza

source of variance. Separate Oneway ANOVA procedures, for each

I \

level of the knee population independent variable, were performed
followed by planned comparisons among the test procedures for

each significant ANOVA. .

\ : )

o

TABLE 6A

° ANOVA SUMMARY TABLE:PART- II -

Source Bums of squares Qfﬁ Mean Squares F " Sign. of F
Main Effects 9080.53 5 . 1816.10 261.69 .000
Knee 4152.89 1 4152.89 598.42 .000
Measure 4927.64 - 4 .- 1231.91 '177.51 .000
2-Way Interactions _ . .V
Knee X Measure 360.56 4 90.13 12,99. .000
Explained 9441.09 . 9 1049.01  151.158  .000
Residual 4788.47 690 6.94 )
Total  14229.56 699 20.36
D
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TABLE 6B

MEASUREMENT PROCEDURE MEAN-SCORES (millimeters)

_X-Ray - Clinical ° Genucom KT1000 . STRYKER
Normal ~ 2.50 - 3.07 10.46 ~6.93 - 6.67 .
Crucizte . ,h - o
Deficient 6:29 10.71 , 14.34 1.1 11.53
Difference 3.79 7.64 3.88  4.18 . 4.86

Al

-
uThe Summary téble for the AROVA analysis indicates that the F ‘

ragio was significant across. both of the factors eyaluated: .This
leads us ts further inﬁegtigétg the data  in terms of locating'
the mdjor sources of Qariance. Tﬁis,was doné byianalyzingathe
main effects of each level for each independent variable.

The main effects -of the kneeipo;ulation variable showed
grand means for the normal and cruciate deficient { knees of 6.13
(3.60 8D) millimeters. and '11.02 (3.99 ;SD) ‘millimeters
respectively (Table 7). ‘ o )

As there wés a substantiélamain effect across fhe knee
ﬂopulation factor, the measurement procédure f&qtor,waé further |

investigated with two separate oneway analyses for each level of .

knee poﬁulation. . g, N

> % N .
The first oneway analysies (Table 8) again revealed an F

~

ratio which was significant. Subgsequent contrasts "between the

levels of ~ the meagurement factor - (Table 8) indicated all
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o
0

contrasts to be significant (alpha -0.05), except for the
- ¢ ~

~comparison of the Genucom with the Stryker. The experimentwise

error was corrected for using.a.Scheffe test.

Table 9 illustrates the results from the second oneway

ANOVA df cruciate deficient knee population across levels of the

measurement procedure "variable. This analysis, similar to the"
PN ] <

first oheway, shows a significant F-ratio. Subsequent contrasts

LY

b een the levels of measurement showed seven significant’T—

-

" statistics. These ;%gnificant T-tests ( alphan>0.05) include all

except the comparison between the KT1000 scores with the Stryker
fcores, the comparison of ' the clinical with the Stryker scores

and the comparison of the clinical with the KT1000 scores.

3

T TN, v ANUTARS T I O T WA YR T TR R
E R TELOUS TR L CTRIMERR O R TR R ST
NI U 0 T o

»




-
e, : 1

q TABLE 7 > ;
: . DESCRIPTIVE STATISTICS PART II (millimeters) E
: NORMAL KNEES L o - S
- TEST N MEAN STD  STE MIN MAX  95% C.T ”
 XRAY 70 2.64  2.30 .28 0 8  2.1-3.2
i T cLmrear 70 3.5 2.7 .32 0 10  2.9-4.0
. GENUCOM 70 © 10.23  3.00 .36. 5 16  9.5-11.0
KT1000 70 7.10  1.22 .15 5 11 6.8-7.4
STRYKER 70 7.13  2.07 .25 3 13 6.6-7.6 o
TOTAL 350  6.13  3.62 .19 0 16  5.75-6.5 >
QE; CRUCIATE INSUFFICIENT KNEES
TEST N  MEAN ° STD STE .MIN MAX  95% C.I. h
#  XRAY . 30 6.5 - 2.8 .36 313 5.8-7.2
CLINICAL .+ 30 11.25 3.0 | .39 , T 1T 10.5-12.0
GENUCOM 60 14.68°  3.90 .51 8 24 13.7-15.7
KT1ooB 60 11,20 1.31 17 9 15 10.9-11.5
STRYKER 60 11.45  3.39 .44 6 20 10.6-12.3
) TOTAL | 300 11.02  3.99 .23 3 24 10.56-11.47
STD = STANDARD -DEVIATION ‘ , -
STE = STANDARD ERROR 95% C.I. = 95% CONFIDENCE INTERVAL  °
F; . 7
o\ R
N o - .
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TABLE 8

]

. -, o

ONEWAY ANOVA:

NORMAL KNEES WITH MEASUREMENT PROCEDURE

7

Source df Sum of Squares Mean Squares F F Prob.
Between | '
Groups 4 +2663.38 1 665.85 120.71 .000 i
Within .
Groups 345 1903.86 5.516
Total 349 4566.47
R
TABLE 9 ]
ONEWAY ANOVA: ‘

CRUCIATE DEFICIENT KNEES WITH MEASUREMENT PﬁOéEDURE

iy AN

Source df Sum of Squares Mean Squares F F Prob.l~
- Between '

Groups 4 2047.23 511.81 55.6 .000

Within . .

Groups 295 2715.68 9.21

Total 299 ° 4762.92 -




TABLE 10

ONE, WAY ANOVA: NORMAL KNEE POPULATION

PLANNED COMPARISON RESULTS

-COMPARISON - VALUE
XRAY WITH CLINICAL -.857
XRAY WITH GENUCOM -7.61
XRAY WITH KT]ObO -4.46
XRAY WITH STRFKER ~-4.49

CLINIC WITH GENUCOM -6.76
CLINIC WITH KT1000 ~3.60
CLINIC WITH STRYKER . -3.63
GENUCOM WITH KT1000 3.16
GENUCOM WITH STRYKER  3.13

KT1000 WITH STRYKER -0.03

CRUCIATE INSUFFICIENT KNEES

XRAY WITH CLINICAL -4.75
XRAY WITH GENUCOM  -8.18
XRAY WITH KT10000  ~4.70
XRAY WITH STRYKER  ~4.95

CLINIC WITH GENUCOM -3.43
CLINIC WITH KT1000 0.05
CLINIC WITH STRYKER -0.20
GENUCOM WITH KT1000 3.48
GENUCOM WITH STRYKER 3.23

{
KT1000 WITH STRYKER  -.25

S.ERR

.42
.46
-3
.37
.49

.35

4 -'41

-39

€§4
.29

.53

'63

.éd’

<57
-64
.42
.58
.54
.68
.47

T VALUE

-2.03
~16.67
~14.31
~12.12
~13.91
-10.22
_8.95
8.05
7.10
~0.10

—8095

—8~71"

-5.33
0.12
-0.34
6.43

4.78

-0.53-.

* INDICATES VALUES NOT SIGNIFICANTLY Df%FERENT

AS .CORRECTED WITH SCHEFFE TEST

PR I
AR
|

S

135

128

104
137
136
96
130
91
122

112

118
106

84

114

110

81

116

72
115
76

61

"PROB.

. 045
.000 .
.000
.000
.000
.000
.000
.000
.000

.921%

.000
.000
.000
.000
.000
.906+%
.733%
.000
.000
.596%
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CHAPTER FIVE
N
DISCUSSION 'OF RESULTS
The purpose of this investigation was Eo examine the
irel{gbility and validity of the various testing prQcedures for
anterior-posterior displacement in normal and cruciate deficient
knees. This chapter will focus on the discussion of procedures
and results of this investigation with the following topics of
concentrations, f: A discussion of the results of Part I of this
investigation, reliability of the three mechanical testing
devices (including sp%cific refgrence to single subject results,
> multiple subject results and discussion of the first hypothesis),
2. Part II hypotheses and results, 3. comparison of results to
cdrrent research in the area 4. interpretation of statistical

results, and 5. <clinical and experimental application of

results.

[}

5.1. PART 1; RELIABILITY OF TESTING DEVICES

The ;eliability of the three testing devices was examined

through ANOVA evaluations of a sfngle subject, and with a group

of 10 subjects in a two day trial. The use of both a singié
subject and ten éubject data collection“ was to eéfablish both
g adeéuate reproducibility of the examiner, (single subject) and

appropriate generalizability (ten §ubjects). hBoth the single and
l the ten subject group showed no significant difference in the

factor of-DAY; their scordés on two successive days revealed no

o
Y
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significant wvariation. This would seem to indicate that the
score on each device for a single knee is fairly constant across
a 24 hour time -period given the constraints of the experiment.
Across the factor of DEVICE however, both groups tested showed
tha£ the Genucom scores difffered significantly from the scores of
the KT1000 and the Stryker. This "would appear predictable given
the differences in displacément measurement techniques involved
in the Genucom apparatug. The Kt1000 and the Stryker showed no
significant differences in scores. It is important to consider
the sample population in the interpretation of the data
espgcially in 1light of the variability involved in pathological

conditions of -the knee.

5.1.1 HYPOTHESIS I N

The first hypothesis stated: There will be no significént
difference in the mean scores taken on a sinéle subjecf and a

group of ten subjects in two consecutive days of testing. This

hypothesis was accepted (alpha= 0.05) based on the statistical

results shown in Tables 4 and 5 of Chapter 4.

5.2. PART 2; HYPOTHESES AND RESULTS

1

In Part II of the experiment, the group\ was iﬁqreasqd ta
include five laxity measurement procedures along with both.normal
and cruciate deficient knees. This was done to test the ?alidity
of the devices against known test procedures, 1. the clinical
exam and 2. the x-ray procedure which . affords a direct

ﬁeasurement of bony displacement. The clinical test was incldded

~
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due to it's frequency-of applicaﬁion in everyday practice while
the radiographic test was included for it's ability to:.provide
direct visualization of tibial displacement vith force
application. The most significant aspect of this validity
testing is the ability of the devices to differentiate between
normal and cruciate /deficient kﬁees. A comparison oflthe
absolute measdfements was also done as this is an experimentally
important factor when dealing with quantitative results. Results
from the ANOVA indicate significant variance in both factors;
Knee and Measurement procedure. This 1leads to a diécussion of

the second and third hypotheses.

5.2.1. HYPOTHESIS II ~

There will be no significant difference between the
measurements obtained by the Genucom, Stryker, KT1000,

radiographic and Lachman's tests.

Table 6 shows that there was iﬁdeed a significant difference

in the average measurements obtained by the various test '

procedures.

5.2.2. HYPOTHESYS III

There will be no significant simple main effect between the

injured ahg uninjured knees.

Table 6 also indicated a significant simple main effect

across the.knee population variable; thus 1leading to further

investigation with ANOVA analysis and comparisons. The oneway

‘ANOVA across the population of normal knees (Table 8) showed

again a significant F value. Levels of the measurement factor

Lz
L X
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were contrasted and all contrasts were found to be significant

(alphaé 0.05) except for the comparisons of scores between the

"KT1000 and the Stryker. A  Scheffe test corrected for

experimentwise error. Results of the oneway analysis and post-
hoc comparisons with the population of crhciétefdeficient knees
also indicated overall significance and signzficance, in all
contrasts except the contrast between the KT1000 and Stryker
scores. A comparison of variance around the mean for each of the
devices (Table 7) revealed that the Genucom scores had the

greatest variance while the KT1000 scores had the least variance.

5.3. COMPARISON OF RESULTS- WITH OTHER RESEARCH 2

In this, as in any experimental situation, it is important to
compare and contrast the - results with those ;eported by other
researéhers. Instrumented testing of knee laxiﬁy is a fairly new
Jechnique; - therefore, there is not an abundance of literature
published 1in this area. However, there have been some
investigations worthy of mention for their COmparaFive value to
the present’ study: Daniel et.al. (1985) concerning‘gé;sures with
the "KT1000, Oliver and Raab (1984) for their work with the
Genucom  and Jacobsan (1976) concerning radiographic

measurements. This section presents some of the comparative

-~
data, and discusses certain similarities and differences.

©~ 5.3.1. KT1000 KNEE ARTHROMETER RELATED RESEARCH ~ -

Instrumented measurement of sagittal knee laxity psing the

d

B
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‘KT1000 Knee Arthrometer has been invesiigated most recently by

Qaniel et al. (1985). With both cadaver and in vivo specimens
tested, mean values were reported in populations of normal and

anterior cruciate deficient knees. A sample of 338 normal, .ih
vivo knees (measured at twenty +/- five - degrees of flexion)
were reﬁorted to have an average measurement value of 8.4 +/-
2.2 mm with a range of three to' seven millimeters.

Compara£ively, the results of the present study reported a
slightly lower mean value (7.10 +/- 1.22 mm) with a smaller
sample oéx-fifteen subjects (five scores on each subject).
Daniel (1985) also found that the population of cruciate
deficient knees which vere tested showed an ’ average score of
15.6\mm. This can be compared with the value of 11.20 mm found

in the present investigation. The diffe;gnces in these scores .

.may be attributed to: 1. the smaller size of sample population

R .
in the present study, -2. the normally high variance in

individual laxity seen in any given population, both normal and
cruciate deficient and 3. the difference in knge joint flexion

angle of ten degrees between the two studies.

In another publication by Daniel et.al. (1985b), the

-average displacement value for a sample of 11 males at a flexion

angle of 30 degrees was 7.2 +/- 1.9 ¥m. This is very close to
the value reported in this investiéation and céuld possibly\bé
due to the simiiarity in flexiqgn angle (thirty degrees).

5.3.2. STRYKER KNEE LAXITY TESTER RELATED RESEARCH -

Clinical testiné with the Stryker knee ligament tester was
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described in a report by Syeiner et. al. (1986). This study

considered anterior—posterior laxity values at 20 degrees

flexion for subjects before 'and after exercising. 1In their

research they also evaluated the test-retest reiiability of the
Stryker device in their control group of séﬁentary individu&ls\
(n=18). Their test-retest variability showed that 78% of the
subjects had-a test difference of 0-1 mm, 11% of the subjects had
a difference of .1-2 mm, and 11% a variance greater than 2 mm.
Corresponding' calculations with our test-retest. statistics for
the Stryker showed that . repeat scores bet&een‘two days of
testing for both one subject and a gfoub of ten subjects were not
significantly different.

§

5.3.3 GENUCOM RELATED RESEARCH

Most of the preliminary reports regarding rel{ability and
measurement characteristics of the Genucom involve measurements
on cadaver specimens which are not particularly appropriate for
comparison with in vivo data. . However, there have been_ some®
recent communications regarding in vivo analyses with Fhe
Genucom. h |

The reliability of the Genucom was recently investigéted by
Highenboten (19863. \A sample of-twenty males (40 knees) showed
test-retest correlations of between r= +70 and r= .90. T-tests
showed no significant. differeﬁces between trials for the

. anterior drawer test at various flexion angles.

These results are similar to those found in the présent

v




68

investigation of repeated A/P drawer at thirty degrees which also

—show no -significant difference in single subject repeated or ten

subject scores on two conéecutive days; also the test-retest
correlationa were similar at a value of x = .73 (Table 3B).

-

5.3.4. CLINICAL TESTING « )

) The Lachman's test has been shown to be a valid indicator of

cruciate insufficiency by a‘numbgr of authors (Torg et.al. 1976,
ﬁosenberg and Résmussbnl 1984). It is ~difficult (although
clinically rele%ant } to try and correlatg the Lachman's with the
three devices; as many eiaminefs éely on mnmuch subjective
judgement as well as‘otﬁér clinical signs in the diagnoéis of - |
cruciate insufficiency. As the Lach@gn's test is oﬁe of the

most widely used clinical tests for cruciate deficien&y, oit was -

T—
included in this study as a comparative measure.

\ &

5.3.5. RADIOGRAPHIC TEST PROCEDURES i - Vo

‘

Stress radiography of‘the knee joint fpr the detection of
pathological 9laxity has been approached in a ﬁumber of
investigations (Kennedy and Fowler 1975, Térziili et.al. 1984).
ﬁést of these studies involve the anterior-posterior drawer at
90 degreés with the patient in a éeated position. Unfortunately,
the measurements from these experiments are not applicable to
comparison with the present results'as the flexion angle differs

substanfially. There has been some in vitro investigation of

anterior-posterior laxity of flexion angles less than ninety




degrees. It 1is felt, however, that comparison of the in vigrg
data to the in vivo measurements is not accurate due to

viscous and muscular changes inherent in the two preparations.
Jacobson kf976) reported anterior-posterior displacement
measurement via radiographif;reasurement oflthe two femoral

" condyles. The wide biological variation among subigcts' knees
was emphasized alohg with the importance of <womparing the
alternate knee when diagnosing pathological laxity. Results of
the pré;ent study indicate that the scores are significantly
different between normal And cruciate deficient knees even given

the wide variatien in normal scores.
A3

5.4. VARIABILITY IN PROCEDURE SCORES

5.4.1. INSTRUMENTED DEVICES -

~ The repeated measures data collected. with each of the
testing devices indicated that there was no significant
difference over day, but that a significant difference existed

between the three devices.

The differences in scores can be gttributéd to a numbeﬂ of

- 8
factors. The primary influencing factors include: 1. differences

in the patient installatio@ procedure used in each device, 2.
differences in the position of the 1limb in each device and
rotational variance of the tibia, andﬂ_}. force application
differences in both the soft-tissue compensation procedure and
test force application.

Installation procedureﬁ/can produce variability in results

P ——

@
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which are specific to each device. The Genucom has a very

sophisticated installation procedure which requires careful and

" accurate digitizing, positioning and clamping of the femur with a

specific force. Initial patient positioniﬁg is critical as
improper seating tends to encourage thigh abduction and external
rotation which may affect the fepeatability of the measurements.
Consistent neutral positioning of the thigh and tibia was
maintained with_ the joint line appro;imately two inches from the
edgé of thé dynamometer platform. The distal thigh was clamped

with medial and lateral forces of approximately 25 1lbs and an

anterior-posterior coﬁpression of 30 1lbs. Variation in these-

forces would result in different soft-tissue compensation values

.-

in the six directions -of measurement.: This variation would
affect the test measures.to a certain extent. ‘ In a similar
light, the between—subjéct variafion would be greater in subjects
with a large amount of adipose tissue surrounding the knee as
this tissue would necessitate large soft;tissue compenéation
values. It also creates difficulties in -identification of the
bony landmarks critical to the diéitization procedure.

The KT1000 installation was relatively simplistic in
comparison to that of the Genucom. The neutral position- of 6oth
the thigh and tibia was again maintained with precision. The
flexion angle was checked througheut the testing to ensure a 30
degree valqe. Positioning of the patellar séngor pad so that it
rested securely on the patella and compressed it into the

intercondular groove was an important aspect of the installation.

‘
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Ef;oneoué movement in this procedure .may have affected ~the
measurement. The tibial sensor . component’ was féirly easy to
contro} for unwanted movement as it céuld be securedctightly
- Qith the velcro strap. The device alignment with the Jjoint line-
was important to produce an accurate ’measureﬁent.A When the
device was attached to Fhe shaft of the tibia, it\xggl at times
difficult to maintainaadequate alignmeit in some subjects duegto
the norﬁal physiologic angulation of the anterior shaft Lof‘ £he
tibia relative l?to’thcg patella. N '
‘ The Stryker set up ,procedui%, as vwith the others, involved
o sitting the subject in a position of neutfél femo;al‘ and tibiala

rotation. The ;oint was positioned at the axis of the distal

@ s limb s;upport in order to ensure a consistent flexion angle of 30
degrees (double checked with a goniometer). The tibial ';,f“/

——— ' e
¢ .

attachment wasg-positioned using carefully aligned proximal and

distal contaéts. The contacts on the tibial t&gercle and

patellar button were important as the relative Jdisplbcement
K measures were recorded from these points. .
Vgriation in limb ﬁ%sitionr was an influeptiﬁl factor in
" score deviationz Eébh of the devices ?arried Qith it speéific
limitations to rotational control. In the Ge%ucoﬁ, rotation was
manually controlled By the opérator gnd walueé zrecorded in the
test results; This provided for good control through éxaminé;
feedback while the test was being performed, but wag dependaht

.,on neutral initial positioning of the tibia for aecuracy. '

0 Alternatively, the KT1000 had only a minimal amount of rotational

. ‘
o

2
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constraint - in  external rotation, due to  the distal foot
positioning poftion of the-apparatus. This_lacklof rotational
control was not necessarily a negyative feature as long as the

°©

amount of rotation was consistent between tests. However, ‘as the
amount of rotation was not measurable, changes in rotation were
difficult to discern and may have contributed to the unexplained

variance in test measurements. In the Stryker .device, rofation

of the tibia was constrained to a certain extent by the one inch

velcro straps which restrained the ankles ' around the malleoli.

! "

As with the KT1000, the allowable rotation was not measurable,

-

and th%§ may have contributéd to the unexplained variation.. In

all three of "the devices the positioning of the patient was
difficult if any type of tibial deformity was'present.

Thé force applied to elicit anterior-posterior dispiacement
*in all of the tests may also, have cauéed meaéurement variation.
With the Genucom, the force applied Sy the examiner could hgve
deviated from its perpendicular application, or the area of foréé
appl%cation may have chﬁgged, both of which could affect the
displacement values. In both the KT1000 and Stryker devices,
perpendicular application of the force was influential and under
the subjective ‘control of the examiner.. Indices of compression
or distraction were not available, as in the Genucom results,
mg}ing ‘the values of A/P displacement more susceptible to
unexplained variance. Excess compreésion,normally restricts A/P

franglation while excess distraction normally facilitates A/P

displacement. ‘ ‘ - —
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The area éf forcg application may have also contributedito
variation in the tibial displacement. ?his:occurs if the ?ogce
was aéplied over .a §£éater area than'hormal,' thus allowing more
fo}de to be \fransmitted’ to the tibia which would result in
greatex displacement values: t .,

Finally, the amount of forcé applied to the tibiaﬂcould
affec% the tiﬁiai displacement value. The protocol used in the
present study'calleélfor recording the tibial displacement at a
force application of twenty pounds. This was easily determined
in' the Genucom from the force-displacement curves. . The KT1006
had an internal sensor which indicated, a force applicatién' of 20
pounds. At this time the displacement value was notedc,on the
dial. The Stryker device required manual force apg}icatiog with
"a gpring-loaded device requiring the operator Fo carefully
control the applied force.

A single 'examinér‘was uséd to perform all of the tests with
the devices in order to:maintqip consistency in examination

technique. I

El

5.4.2. RADIOGRAPHIC AND CLINICAL EXAM

L}

In the second section of this investigation, two other test
p?égedures were incorporatedvalong'with a pbpulation of cruciate
deficient knees. The radiographic - technique will now be
addressed along with the clinical evaluation.

The radiographic evaluation contained some inevitable areas

of _error proéuction. These areas include: 1. the time lag in

’

g
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force application and picture taking, 2. uncontrolled femoral
rotation, and 3. muscular tightrieds. The time lag between the

force application and the taking of the actual radiograph was

S

unavoidable in the positioning of the set up in cor;:'ect
alignment. ° This may have created errors; the soft tissue 6n:co
which the force was'app}ied, tends to dissipate that ‘ force with
time. . , o # :
Although considerable care was taken to align the knee
such that the radiographic tube was perpendicular to the sagittal
plane, it was not always ‘possible to achieve a 'perfect
superimposed shot. The presence of inconsistent femoral rotation
in the two radiographs being com?ared produced possible .error in
the ability ﬁto locate -appropria}t"e landmarks. Translationo could
have been masked by an excess of tibial and/or femoral rotation.:

————

Muscular tightness, as seen in the instrumented devices, may

have also prevailed in both the radiographic and clinical exams.
Analogous to the KT19b0 and Stryker tests, the radiographic
procedure positioned the subject in lor;g'* sitting to enhance

hamstring relaxation and provide consistency between techngiques.

A

- B ~ |
k /

5.5. CI_:INICAL AND EXPERIMENTAL APPLICATION OF RESU}JQVS

Thé clinical alpplication of the results is probably best
described by relating it to those test procedures which are fast,
accurate and cost-effective. This would include, of courée, the
c¢linical manual exam; which although easily applied and éost—

effective, has been notoriously unreproducible. The present

>
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investigation reflects the clinical examination as being able to
indicate " cruciate deficient pathology in' a given population.
This clinical exam must be; evaluated with the consideration that
ali‘lt subjects were chosen on the basis of a clinical or

arthrdgecopic examination positive for cruciate deficiency and

anterior-posterior laxity. The X-ray technique was also

successful in its ability to indicate significant laxity. This

¢

technique however is fairly expensi\fe, time consuming and
difficult to control for variation in force dispersion secondary
to the varying amount of soft tissue. 'The proportionally

greater Genucom scores could have been due to the technical

calculation of the displacement curves. As the soft tissue is

‘displaced, a hysteresis occurs due to the differences between

the application and release of a loading force. Because of

this, there is no way to verify a true neutral position, and the

calculated position (taken as the mid-point between the starting

positions of the A/P forces) 1is .grater than t';he true
displaceiment. All th]:.jee of the devices were; able to show
significant differences setween normal and cruciate deficient
knee-laxity measures. In terns of clinical application, aﬁj‘of
the test procedures are feasible if the information to be
gathered concerns significant asymmetry between anterior-
posterior laxity.
In terms of experimental application there were certain

differences between the procedures tested. First, the clinical

examination 1is probably' the 1least wuseful in terms of

reproduceability and «c¢linical reporting for experimental

oy
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analysis. Its subjective nature leads it to a number of unigue
variations unacceptable té the precision necessary in situations
requiring linear displacement values in defined planes. The X-
ray procedure is usefﬁl although not as éonvenient and
comfgrtable as the tr}ree devices which can be used in an office
setting. The Stryker and. the KT1000 are both very pprtable and
give a fair degree of clinical informat':ion in the documentation
of A/P laxity. The experimental value of valid quantifiable
documentation is indisputable.

A comparison of the procedures baéed on the reliability and

validity data show that even though all of the rocedurps were

A

ablé to identify the crutiate deficient populatiofi;\they showed
much variation in scores. Variation of each procedure indicated
that the Genucom was the most variable while the KT1000 the
least var;iab‘le. From highest to lowest‘ variability the
procedures could be ranked as follows: Genucom, Stryker,
Clinical, ){-ray, KT1000. Another important consideration in
interpreting the differences in devices is the effect of gravity
on the tibial shaft which will cause a relvative reduction in the
anterior force. This occurs as the force needed t':o overcome
gravity will be subtracted from the twenty pognd‘é of applied
force in all techniques except lthe Genucom which subtracts it
out.

In their ability to measure a difference between normal and
cruciate deficient knees, the. devices can be ranked according to
the mean score differences for normal and cruciate deficient

knees: 1. Clinical 2.Stryker 3. KT1000 4.Genucom 5. X-ray.
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CHAPTER SIX

SUMMARY AND CONCLUSIONS 7

The inves£igation of reliability and validity in
instrumented knee ligament laxity testing devices is essential
prior to their utilizationh in c¢linical research. Quantitative
ﬁeasurement of anterior-posterior laxity in the knee joint is a
very useful tool in the assessment of clinical pathology
pertaining to the cruciate l%gaments. It is also an _applicable
experimental procedure for the assessment of the many operative
repair procedures for dam?ged anterior and posterior cruciate
ligaments. ‘ ‘e

The purpose oj/ this study was to investigate three
mechanical devices produced -to° assess anterior-posterior
displacement in the norma%/and, ruciate.defiq§ent knee. It was °
hypothesized thatr as each ' of the ‘ procedureé provided
displacement measures in millimeterg; fhe . mean score assessed by
each measuring device would notdshow any sf@nificant deviation
as compared to the x-ray displacement score which was.taken as
the criterion variable. It was also hypothesized that theée

would be a significant difference in the measurements of normal

versus clinically diagnosed cruciate deficient knees.

%
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. 6.1. METHODS AND ANALYSIS

! In the first part of the investigation, ten subjects were tested

¢

on the Stryker, KT1000 and Genucom for two consecutive days. One

the other nine were evaluated three times and the average taken
as their scores. This data was analyzed for Day 1 - Day 2 score

differences through 2-factor ANOVA designs with post-hoc

”

comparisons betﬁee v devices (which were controlled for

experimentwise/;szr using Scheffe tests).

The second part of the study was of similar design but
included twd other evaluation procedures: the clinical
. evaluation with the Lachman's test at 30 degrees and stress
‘:' radiographs. Fifteen male subjecfs with fifteen normal and

g

.fifteen cruciate deficient knees were ;;éiuated.v%The evaluations

!

on each of the devices was done in as close a time frame as
w0 -possible in order to minimize day to day variation.. A two
factor ANOVA revealed a difference thus ‘warrpnting post-hoc

planned comparisons tb localize the areas of variability. These

‘ T cohbarlsons, as with the ones .in the first section, were
M - -controlled for experimentwise error using Scheffe tests. )
, . ' ‘

=
: , c

:of these subjécts was evaluated ten times on each device while
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6.2. RESULTS AND FINDINGS

-The statistical analysis of variables revealed the
following in Part I of the study: -
1. There was no significant differenée betwee? scores
collected on two subsequeﬁt days with the Genuconm,
KT1000 and Stryker devices.
— S 2. There was a significant difference between the mean
scores collected with the KT1000, Stryier and Genucom
-the Genucom scores Qeing significantly different from the
_KT1000 and Stryker scpres in the post-hoc analysis (alpha=
; 0505). This was true for the daia‘collected from both a

single subject and ten subject series.

In the second part of the study:

1. Each of the five measurement procedures revealed
e -

significant differencés between normal and cruciate,

deficient knees.

2. A significant difference was found among the scores of
the five .measurement procedures (Genucom, KT1000,
Stryker, X-Ray, and Clinical) for populations of both

‘.._/; Al Al °
normal and cruciate deficient. knees. _ ,

.
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3. All of th8 test procedures showed significant mean score
differences in Brthogonal post—h&c comparisons except
for: A) The comparison of the KT1000 withithé Stryker in

‘ the normal knee population, and B) the comparisons of
17 ¥$1000 and stryker 1i) Clinical and Stryker and iii) -

. Clinical and KTLSOQ/in the cruciate deficient population.

v

’

6.3. CONCLUSIONS . _ . '

The following conclusions may be justified according to the
experimental.fesdlts. They musp, howev%r, be viewed in liéht qf
the 1limitations, delimitations and assumptions inherent in the
study design. ' ‘

-

1. All of the five testing procedures were.able to -
— distinguish between normal and cruciate deficient knees.
2. The three instrumented devices, Genucom, KT1000 and
Stryker, were all shown to be repeatable in a two day
séquéntial testing.
3. All five test procedures quantified significantly
.different scores in both normal and cruciateodefici?nt
\

knees - except for the KT1000 and the Stryker.

6.4. IMPLICATIONS

Based on the information in this investigation, there are
several implications regarding quantitative assesgment of A/P
knee ligament laxity. First, it must be émphasized that the
¢linical Lachman's test (to which all of the procedures were

compared) is only a portion of the total clinical assessment

-
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on‘which ope;ative and rehabilitative decision - ﬁhking is based.
With this in mind” we can look at all of the test procedures in
their ability to differentiate between a normal and- a
pathologically lax knee joints--This laxity in the‘sagittal plane
is most-bften a resul of damagei to tﬁe anterior and/or th;
posterior cruciate ligaments which provide the majority of the
restrainihg force inm this direclion. ’This ability of the
procedures to' differentiate. may be able to provide supportive

documentation/to aid in the dia?nosis of these injuries as well

as record the progress of surgical and rehabilitative précesses.

In the experimental application, it is critical to be awvare of

the differences among mean scores in the five testing procedures

before comparing laxity measures between devices.

6.5. RECOMMENDATipNS FOR FURTHER STUDY

L}

Based on the £findings of the present study, it ié the
investigatar's récommendation that: /s _

1. Further research be carried out in the area of R

‘investigétion of the variation among measurement procedure

‘scores. -

2; The three instrumented devices be used in a wider

clinical setting to apply £heir ability to differentiate

knee populations, and test their test-retest reliability

over ; longer time interval. '

3. As the knee joint is essentially a three. dimensional

-

2
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joint - in terms of function, and in light of the fact that
the ligaments restricting movement at this joint afﬁa also
thrée dimensional in structure, a detailed three
diménsional analysis of the structural capacity Qf both -
normal and damaged j&ints would be the optimél assessmenth '

procedure. As-the preseht stiudy incorporated ahalysfs in one

plane, variatidﬁ withinaihis plane is highly likely to be

due to individual restrictions and laxity in the other

" available planes of movement.
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APPENDIX I

INFORMED CONSENT FORM _

.. The study that you will particiﬁate in is designed to
evaluate various testing devices for knee ligament laxity. You
will be asked to allow ‘each knee to be assessed-by: 1. an
experienced orthopaedic surgeon. 2. the Genucom, Stryker and

Kt100Q devices (all non invasive devices which ‘are currently in,

clinical use) and 3. Stress xrays involving two " lateral
photographs of each knee joint.

You may discontinue your participation in the study at any
time simply by asking to do so. That 1is, you can refuse to
complete one or all evaluations or you may ask to have your data
results destroyed or withdrawn from comparisons.

. L
It will be possible for yjou to see the results of your
evaluations and to recieve an analysis of your evaluations. AFTER
THE STUDY IS COMPLETED, THE, DATA COLLECTED FROM YOUR KNEE

EVALUATIONS WILL BE RECORDED AND DOCUMENTEB WITHOUT INDICATION OF

THE SUBJECTS' NAME.

By signing below you are indicating that you ,consent to
participate in the study, that you have read and understand this
informed consent form, and that "the researchers and the
University are not responsible for any injuries. which may occur
in the course of the experiment.

Signature

Date

Address

Telephone -
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LAXITY TESTING ASSESSMENY:PATIENT QUESTIONNAIRE
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Name - i Age

Phone

Injury History .

Injured Knee ' Date of Initial Iﬁjury~
Date and Type of ‘Surgery )\ )
Rehabilitation ‘ / -
Brace.

1

Subjeztive Instability: Mild, Moderate, Severe_
< - »

Incidences of Swelling (per mggth)
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APPENDIX III 4 ' N

\ CLINICAL GRADING SsﬁLE‘
The classification system decridbed’ by Houghston (1976) -
dealing with rotatory and strajght knee ligament instabilities
utilized a grading system for the severity of instability. This
system was proposed by the Committee ‘on the Medical Aspects of
Sports of the American medical Association and was published
(1968) in a handbook entitled "Standard Nomenclature.of Athletic

Injuries".
The grading scale was as follows -

Grade 1+ Mild Instability,
_joint surfaces seperate Smm orless

Grade 2+ Moderate Instability,
joint surfaces separate between 10-15 mm

Grade 3+ Severe Instability,
. joint surfaces separate greater then 15mm

» For the purposes of this investrigation, the scale was modified
as follows; ’

Grade 0 No apparant éﬁbio—femoral displacement

Grade 1 Displacement between 0-5mm
] ¢
! Grade 2 Displacement between 6-j0mm

Grade 3 Displacement between 11-15mm

Grade 4 ' Displacement greater than 15mm
This was a subjeétlvefbalue v+ decided wupon by - the examinlng
orthopaedic surgeon while performing the Lachman s test.
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