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ABSTRACT . 

The purpose of this study wa~ to compare reliability and 
validity of three knee ligament l~~ty tes~ing devices, the 
classical clinical examination fOL'anterior poster~or laxity, 
and radiographictstress tests f?~ 'anterior-posterior laxity at 

. 30 degrees of knee flexion. The clinical e'Valuation was 
performed by an experienced orthopaedic surgeon and assessed 
with a modification of the grading system used by Houghston 
11976). The four objective testing procedures employed were: 
1) the Genucom knee analysis system, 2) the Stryker 
anterior-posterior knee testing device 3) thè KT 1000 KneeQ 
Arthrometer and' 4) Radiographie stress tests.' A sample of 
fifteen male patients with unila~eral anterior posterior knee 
,laxity were èvaluated using aIl five measurement procedures. The 
magnitude of anterior-posterior (A/P) displacement was tabulated 
in accordance with the modified grading scale in the clinical 
exam, while the radiographie 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 période 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 DEVIeE (Genucom, KT1000 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 aIl five measurement procedures over the norm~l and 
cruciat~ deficient knee populations. A significant difference was 
found in the factor of knee which would lead us te infer a 
significant laxity difference in normal and cruciate deficient 
knees. A significant difference was also found in 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 aIl of-the measurement scores 
significantly differed from each other except for the comparison 
of the KT1000 with the Stryker, (alpha= O:pS) while in the group 
of cruciate deficient kn~es, the clinical with the KT1000 and the 
clinical with the Stryker were also not significantly different 
(alpha=O.OS). These results would seem to indicate that there is 
much variation due to test procedure but that aIl test procedures 
have the ability to indicate'a significant difference between 
normal and cruciate deficient knees. 
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RESUME 
, , 

La présente étude visait à évaluer la fiabilité et la validité de 'trois 
~ 

systèmes d'évaluation de l'intégrité ligamentaire du genou en flexion de 30, 

soit: le système d'analyse du genou GE~COM, le "Stryker knee 1axity tester" 1" 

et l' arthrometre )KTlOOO. Plusieurs de ces appareils sont couramment utilisés , 

pour évaluer l'amélioration consécutive à la chiurugie. Les résultats 

obtenus ont permis de calculer un coefficient de correlation de fittilité 
~ . 

de 0,73; 0,78; et 0,75 respectivement, pour le Genucom, le KTlOOO, et le> 
i7 

Stryker. De plus, 15 patients masculins souffra'nt d' ~ne déficiance 

unilatérale du croisé antérieur ont \ été soumis à un examen clinique ainsi 
, 

qu'à une év?luation r~petée 'sur chacun des appareils considérés., Les 

déplacements antérieur et postérieur étaient quantifiés à l'aide d' ';lne 

-

échelle graduée pour l'examen c:;:.linique tandis qu'ils étaient rapportés en,,-__ 
, { 

mm pour les appareils. Les ré~ultats opt permis de, mettre en évidence un'e ~ 

.. 
différence (p < O. 05) entre re genou sain et celui atteint' d'une déficiance 

ligamentaiI;.e, peu importe\'1 le test utilisé bien que l'importance des déplacements 

~oit différente selon le test utilisé. Une. comparaison post-hoc à en effet 

démontré une différence entre chacun des tests sauf pour le KTlOOO et le 
\ 

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

l'importance des déRlaceme,nts mesurés à l'aide des di)férents systèmes de 

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

différence entre le genou sain , 

. , 

, > 

( 

et') genou atteint d'une déficiance ligamentaire. 
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mechanical devi,ces designed specifically for this purpose. 

4 ~ 

There ts an abundance of pathological knee laxity literature 

investigating changes due to disrupted ligaments in "vitro a~ 

there was previously no method for in vivo assessment. In the 

past decade, however, knowledge concerning the structural and 

functional relationships of ligaments surroundtng the knee joint 

has increased sUbstantialty : Consequently, the ability to 

quanti tati vely measure in vivo laxi ty parameters 15 becoming 

increasingly important. in diagnostic and operative orthopaediç'_ 

medicirle. The 
, 

development of reliabl'e, valid and objective 

testing apparati 15 essentia~ for the evolution of orthopaedic 

research involving the knee. 

~Three such Obj~ctive devices curren.tly in I,lse for the 

measurement of knee laxity are: the Stryker Knee Laxity Analyzer, 

". 
the KT1000 knee Arthrometer .:and the Genucom Knee Analysls System. 

Objective measures of _ knee 

evaluation of surgical procedures, 

laxi ty a::::-e important for the 
1 

establishing group norms for 

use in diagnosis, cataloguing changes in knee "laxi ty over time 

and the evaluation of rehabilitative procedures and' knee braces. \ 

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

flJ J '" f' 

Diagnosis of excess knee ligament lax~ty 
,c 

is 'most often ~ made 
• f 

followin9 a manual' clinical evaluation of rela~i~e tibio-femoral 
J -.g... 

movement in response to applied forces. This~ is a subjective 

assessment involving both Pt"oprioceptye and visual p'erception of, 

~môvement between theot~~ ~oint surfkce~ (Torg et.al. 1976). 

ObviouslY', the quantifiable accuracy of such a 

visu'al/proprioceptive techniqué is questionable. 
" ~, 

,~ Q 

'The demand for ?bjectivity in knee joint assessment has 

increas1R with the amount of research concerning the knee, and 
/ th, 

o 

resulted in a number of i~struments being d~signed for m~asuring 

laxity of the knee ligaments. Three such devices are the Genucom 

K?ee Analysis System, the Stryker Kne~ Laxity. Tester and the 

KT1000 Rnee Arthrometer. . . "')) 
These inst~uments h~3e the added 

potential of beihg, able to identify previously 'undetected 

structural differential subtleties· in laxity paraineters~.of 

damaged knee joints. Objective measures ha~e implications for 

the d'evelopment 

<)Of t~e effects 

laxi t;y-related 

of new diagnosti~ techniq~~s and the evaluation 
'..-

of surgical procedures for the correct,ton of 
f /., 

instability. 
./ 

such \a.s f ootba Il and Populations' 
\ 

" 

1 

hockey players could possibly be screened for ~e laxity 'which 

is, associateq, wi th increased 
~ 

propensity to ~injuries 

(Nicholas, 197'0 ) • 

The 
<' 

initial laxity sign'ificance of improved knee 

quantification is that it challenges the efficacy of the 

" traditional .subjective clinical assessments. Therefore the 
Cl 

. ~~~, 
, ~ '" 1 
"j 

,~ 
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, reliability, validity and objectivity of the ne'" devices "mûst bè"; 

scientifically established. 

In tt}is study, variation of the measures from each of the 

" test methods'were characterized in light of the reliability and 

validity. Varfation consisteQ of two parts: direetional (or 
\ ... 

biased) variation' and random. variati6n. Subsets of random .. 
variation include .both natural subject variance an~ measurement 

variance. Measurement 
• 

variance 
.-A 

can be a result of either 

'eiiPment or 

d a. ' 

experimentor (measurement) errer in the collected , 

As thè paramet~r a$sessed in this ,experiment was the range 
. . i 

of tibial displaeemeht on the femur, 'the criterion measurement 

was the visual display of that displacement (provided through the 

radiographie procedure). Therefore, validity was measured 

through single degree -of freedom compa~sons of each measure 

vith the oradiographic measure and with .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 de9rees of flexion for the five 
~ ~m 

measuring procedures and for injured~and uninjured knees? 

1 • o 

.. 

o 

r 

\ 
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'b) What are the varian~e eharacteristlcs of eaeh 
" 

measuring.procedure over trials? 
" ' -

e) How do the four rneasurement p}"oeedures compare to 

the eriterion radiogr~phlë tee!tni,? 

d) How do the five measurement procedures compare 
.... 

to each other? 
f ., 

. . .. 
" 

The experimentor inve5t~gated these problems with the 

.. following objectives; 
t 

A., To deterrnine the dif,ferehces arnong the èlassieal Laehman' s . 

,t,?st for' anterior-posterior la~it? a't JO degrees of knee 

\ 
" flexion, and tnree rnechanical rneasuring deviees aIl of 

'~ 

the 
0> 

whieh sirnulate the Laehrnan's test: the Genucom, 

Stryker, an~~ K~ 1000 knee~ ligament testers. \ 
\. ( 
~, 
Il 

\ 

la ~ ,'" 
.. 

. 
" 

.", 
\ 

" ~. To deterrnine the variànce in the mel1surements obtained by 

~ -'the three devices when aIl are used to assess the same 
~ r 

1\ l -, f\arnple population,s of both uninjurEfd and cr\:!l€iate 
\\ " \ J. 

and detieient knees (variance within, over trials, over 

e,ach appaiatus,.) . Q 

" \ 

" 
'~ 

""'" <J 
1 ,. -\ 
1 

"-, ..-
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1 .4' HYPOTHESES 

.~---- -

1- There will be_ no siqnificant difference in Day 1- Day 2 test 
r ," 

scores for the Genucom, Kt 1000 and Stryker knee ligament 

laxity testers. 

2. There will be no significant difference between the 
0_ 

measurements obtained by the Genucom, Stryker, KT1000, 
'-

rapiographic and Lachman 1 5 test-s. 

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

injured and the non-injured knees tested. 
). ~ \. 

1.5 LIMITATIONS AND DELIMITATIONS 

LIMITATIONS: 

1. The major limi tatïon of thi$ study is that i t is 

confined to only one ligamentous laxity test over one 

spec~fic a~gle and force ~plication. 

2. The external validity of the study is limited ·by the 

presence of two factors: ~) the cflntcal exam was 

~erformed by only one orthopaedic surgeon, ii) the 

laxity tests with~the instrumented devices were 
p J 

performed by a single trained evaluator, and ii1) the 

force u'sed to evaluat'e displ'acement was set at 

twenty pounds. 

-

w .. 

.. , 



·0 

..• - Jo'" 7 .• r .~ t~"j' ~. ~ . .' "/,' ... j" , 

, 0 

DELIMITATIONS: 

1. As the subjects included males only, this would remove 

the aspect of gender variance. 
.J'" 2. A single operator of the devices would similarly remove 

intra-operator variance. 

3. The set ._forèe . at 20 lbs W'Ould remove the variance found 

in the clinical test. 

'\ 

(. 6 OPERATIONAL DEFINITIONS 

'" 

, , 

l' .' 
Anterior-posterior translation L 

./ 
- the displacement of the tibia relative. to the femur when-a 

, 
force is applied parallel.to the joint surfaces. 

A/p· 

• 1 

.. , 
- anterior-posterior direction, a direction perpendicular to 

the long axis. of the tibia and paraI leI to the sagittal 

plane. 

MIL 

- medial~lateral di~ection, a direction perpendicular to the - \ long axis of the tibia and perpendicular to the sagittal 

plane. 

CID 

- compre~sion-distraftion" a direct~on ct:~espondin9 tq the 

long axis of the tibia through its centre. 

- .. , 
, • \ .'- -:.'~ ...... c 
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'\ 

v/v 
, . 

-varus/valg~~, a dirèction around the anterior/p~sterior axis • 

Internal/external 

- a direction 

Relative laxity 
~ 

around 
~t 

the long 

~""'~ ~~ . ~ 

, , t 
axis of the tibia. 

- the anterior-posterior displacement of the diagnosed 
" , . \ 

abterior-cruciate deficient kneeJas, cornpared to ~he normal .... 
knee. 

Physiological 

- denotes actiVe muscle contraction 

Eftusion 

- a swelli~ of the knee joint' most oftèn arising as a result 

Qf internal derangern,nt. 

". 
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CHAPTER II 
\ ' 

-
REVIEW OF THE LITERATURE 

2. 1 INTRODUCTION 

The function of'the knee joint is dictated by many factors. 

These factora:,~nclude muscular dynamics, bony contour, articular 

cartilage, and ligamentl rest'ralnt. Since the purpose of this 

study was to evaluate methodology of ,ligament restraint 

assessment, the specif~ity, of the Lachm~n's test and how it 

relates to the biomechanics of the kne~ joint \s presented wivhin 

this section. 

2.2 KNEE FUNCTION 

The .knee performs. many functions in its normal capacity 
" /. 
includ~ng, flexion, extension, rotation and shock absorbtion. 

<f As wi th many anatomical structures in the body, - the knee joint 

anq its surrounding structures are subject to a large amount of 

individual variation. In sp~te of these variations, the 
, 

functional systems, or functional synergies of-knee movement, 

remain relatively constant. 
\ 

, 
, ;. structural or functional synergiés in the knee occur 'between 

the menisci, li~aments, and bony configuration. Close interaction 
\. 

between these struGtUres leads to variable strengths and 

weaknesses of each with complementar~, compensating strengths to 

,-

. 
l'" 
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. ~ ensure adequate controlled degrees of.freedom and restriction of 

_ rnov~me.nt in the knee. 

2.2.1 DYNAMIC AND STATIC LIGAMENTS 

The,concept of dynamic and static ligaments i6 important in 

understanding the complex nature of the support!ve ~tructurès in 
1 

the knee. Static ligaments refer to those which are not 

-incorporated into ,the co.ntractile tissue. Alternatively, dynamic 
1 

ligaments (medial collateral, posterior oblique) are those which 

are integrated wi th contracti·le tissue, 

tendons, (Warren and Marshall, 1978). , 

muscle fibers and 

Muller (1985) found large differences between ligamentous 

--t-issue which is attached to bone . ( static), and those which are 

attached to tendon or muscle (dynamic); differences in the ratio 

of dynamic to static ligaments varied considerably in a sample 

population. It was suggested that the presence of a large number 

of dyn~mic ligaments could adequately âccount for the ability of , 

an unstable joint to become functionally stable with increased 

muscle strengthening. Furthermore, the stronger the dynamic 

" ligaments, the greater protection they will provide the static 

ligaments;'an important consideration in rehabilitation therapy. 

2.2.2 KINEMATICS 

Throughout the literature, it i5 generally agreed that motion 

at the knee joint is a combination of rotation, gliding and 

rolling between the tibia-and the femur. Rolling' and gliding 

/' }'~ 
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appear te occur predominantly in the sagittal planei but, it is 

cften difficult to discern dua to the superimposed rotation in 

th~horizontal plane. Rotation occurs automatically at initial 

and terminal range~ of flexion, and i5 under 'voluntary control 

throughout the ,rest Qf the range of knee flexion. Many authors 

have studied the concept of simult~neous rolling and gliding ap 
i 

the knee moves ,th~ough its range. Kapandji (1970) discussed the 

classlcal experiment done by the Weber brothers (1836) which 
, 

showed that thr tibio-femoral motion throughout knee flexion i5 a 

cornbination of rolling and . gliding. This hypothesis was 

investigat~d by marking the points of tibio-femoral contact 

throughout tne range of knee motion. Results illustrated that: 1) 

the point of contact on the' tibial surface moved posteriorLy as 

the'~e flexion ang~e increased, ahd 2) the distance between 

points of contact on the femoral condyle was twice as far as the 

,/ 

• 

- ~ 
corresponding distance on the tibial condyle. It i5 clearly seen, 

from these results; that the femoral'condyle rolls and glides 

simultaneously over the tibial condyles as the knee goes through 

the range of flexion. The gliding portion of this movement 

app,E:lars to allow the knee a greater range of flexion without 

Pos~ior dislocation 'of 

Q 

the femoral head. 

A ''''four-bar linkage model can best illustrate the dominant 

movement of the knee in the sagittal plane. The model consists of 

the cruC.'iate ligaments (represented by r igid bars) which are 

hinged on a line set at an angle of fort y degrees to a given 

perpendicular. The tourth linked bar oi this system i~ moveable 

i, 
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• 
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 
. 

"coupler envelope curve" can be delineated. This curve appears to 

. approximate a sagittal section of the posterior half of the 
D 

femora"l condyle. If the fourth bar of the system, tll1at which 

represents the tibial plateau, is curved to more accurately 
\ 

represent the tibia, a curve is generated which represents the 

~rticular surface of the f~mur more accurately (Fig.1). This_ 

model can also illustrate the varying ratio of ,rollinq to 
. 

gliding as the knee moves into flexion. The ratio ch~nges from 

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

'1984). 

, 

'. 

'L 

o 

Figure, 1., The Four Bar Linkage MOd~' 
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As this model does not include the patella, its validity 

breaks down where the patello-femoral joint occurs at the 

anterior aspect of the joint, influencing the forces generated 

by the-quadriceps. 

Rotation at the knee joint is affected to sorne degree hy 

" almost every muscle acting on or around the knee joint. For 

example', the Q angle 
1 

i· ... 
of the vastus lateralis ancl-rectus femoris 

acting at approximat~ly 10-15 degrees, exerts an internal 

\ rotation (IR) fprce on the -tibia when the muscle contracts. This 

force is balanced by the vastus media~is which assists in 
. 

neutralizing ,tibial _ rotation. An important pure rotator of the 

knee is the popliteal m~~cle which, wh en the tibia is ~~ee, 

rotates it internally, and yhen the--tibia is fixed, controls . 
antero-Iateral tibial excursion. 

NOy'es et.al. (1980) discussed the concept of primaryand 

secondary stabilizers jor each pYane of knee motion. The 

importance of the 'primary restraints must be considered when , 

evaluating the damaged knee. This is due to thé fact that the 

secondary restraints, although potentially able to restrict . 
abnormal laxity, are unable to do so over â period of time and 

varying levels of stress. Therefore, the clinical identification 

.of. yr 1mary ligament insufficiency i5 critical to planning 

-appropriate treatment. 
g 

2.2.3. RO~E OF THE CRUCIATE LIGAMENTS 

The forces imposed by the placement and shape of the two 

cruciate ligaments, anterior cruciate (ACL) and postetior 

1 • 
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cruciate (peL); are components of a functional synergy with the 

femoral and tibial condyles~ 

" In relation to the afore-mentioned, four-bar linkage model, 

the cruciates functionally form two parts of the bars in the 
, 

model. The end ranges of knee movement'can also be defined by,the 

cruciate ligaments. The femoral origins lie on' a line which 

creates a 40 degree angle with the long axis of the femur. Tnis 

for a range of moti0'l1 from zero to . 145 degrees of 

flexion. This placement angle of 40 degrees corresponds to the 

angle of the roof of the intgrcondular notch relative to the long 
.... 

axis of the femur. In full exte~sion, the anterior cruciate is in 

line with the intercondular notch and therefore is in a position , 

,to restrict e:tension. Clinically, this puts the anterior 

cruciate l.ygam nt in a vulnerable position if the knee is 

hype~extended- especially if impinged against the " notch of 

Grant" ( Grant and Basmajian, 1965) • The clinical presence of 

pathological hyperextensibility in the absence 'of an intact 

1 

,cruciate ligament would seem ta support th:l,s view. 
, 

~ Alternatively, the -po5terior cruciate ligament i5 aligned with 

the roof of the intercondular notch in a positIon of m~ximal 

flexion. It is much les5 susceptible to injury due to its 

strength, and the approximation of posterior leg, soft tissue when 

the knee i5 in maximal flexion. 

Wang and Walker, (1973) measured length changes in the 

,anterior and poster ior cruciate in twelve cadaver 

specimens. Various joint angles w e employed with ~in , . 

, 

) 
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insertions at specifie pOirits on the ligaments for visualization , 
1 

by radiographie technique.' Resul ts 
1 

1 gradually increased in l,ngth ten 

reported that the ACL 
\ 

percent from zero tb'one 
, 

hundred and twenty' degrees of flexion; and the peL was ten 
'.' 1 

percent longer a~ z~ro deg~ees flexion.than at aIl other len~ths 

where i t remained constant., This suggests a reciprocal action 

between the cruciates. Thé length changes seen in this study 
1 

could be interpreted as ~ens~on changes with \ the increasing 

length, but no conclusive 4ata has yet been presented to address 
1 

tension changes in vivo .. 1 
Butler (1980) carried oJt an experiment designed to rank the 

, 

restraining importance of t~e ligamentous and capsular structures 

which restrict anterior-posterior translation at both thirty and 

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

degree flexion angle, the aryterior cruciate provided 85.1 +/- 1.9 

restrainlng 
--..;1 

anterior translation, % of the force to and the 
1 , 
1 

posterior cruciate providèd 94.3 +/t 2.2% of restraint to 
! 

posterior translation. Atl thirty degrees of flexion, the ACL 
1 

restraint was 87.2 +/- 6%, and 
1 

the PCL restraint 96 +/- .04%. 
! 

The force/displacement ia~ constrained to a po~~t~on of neutra~ 

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

importance of the cruciates in restricting abnorma} 'sagittal 

laxity. It must also be realized that, as with any in vitro 

assessme.1t, the dynamic efnects of the musculature have been 
1 

eliminatecJ ; thus these :rtesults may not reflect in vivo 
1 

1 

situations. The next step 
i1 

the investigation appears to be to 

( 
, 
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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 stress test is most indicative of pathology. 

2.2.4 ANTERIOR CRUCIATE , 
A great ~mount of e~phasis has be"en placeq ,'on the anterior 

cruciate ligament due to its unique role in stabilizing the knee 

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

Anatomically, the llgament 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 in flexion and extension, increased 

internaI and external rotation, and pathological hyperextension. 

It was suggested, (Grigas et aIl; 1 97~) that the anteromedial band 

of the ACL was respons~ble for the) increased ant,er i'or-posterior 

drawer with flexion. 

Cross antl Norwood (1979) also investigated the functions of 

the discrete bands of tPe ACL. Three bundles of fibers, the 
c::t 

anteromedial, intermediate and posterolateral bundles were 

studied. Functional assessment of the bundles _provided the 

following information, the anteromedial bundle contributes to 

anterolateral stability, the interme6iiate bundle to straiB.ht 

anterior and anteromedial 
Q 

,'( stability and the posterolateral 

bundl~ to posterolateral stability . Other studies supporting 
. 

these conclusions on the function of ACL fiber bundles have been 

) 
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- reported by Girgis et. al. (1975): 

Of the five principal functions of the anterior cruciate 

ligament reported in the literature,i the first and most critical 

(co is to resist anterior-poster ior translation of the tibia on thé 

tè1nur' (Ellison and Berg, ,1985, Kennedy and Fowler, 1971). Kennedy 

and Fowler (1971)' investigated anterior tr~nslation of the tibia ", 

on the femur through a roentgenographic technique comparing -
unstressed and 'stressed conditions. In a normal pOPulation!,' 

measurement of anterior displacement of the tibia on the femur 

ranged from 0.0 to 5.0 millimeters. On a subsequent investigatio 

of abnormal knees, a group of s~ven subjects who presented w 

pure anter iOl;" translation (a range of 7.0 to 20.0 millirnet 

had operative ,findings of. isolated, damaged or cornpletely 

disrupted anter ior cruciate ligaments. 
-

FHkubayashi et. al. (1982) explored the anterior-posterior 

motion at zero through ninety degrees in nine normal qadaver 

knees with dependent variables of tibial df.splacement, ro~tian 

and torque. Measurements reported of intact knees consistently 

show~d that an anterior force produceq an interna~ tib~al torque 

and internaI tibial rotation, while a posterior force produced an 

external force and externaÎ tibial rotation. When the ACt was 
;' 

"-
selectively sectioned, over double the arnount of anterior 

. " 
displacement was seen without any change occurring in posterior 

displac~ment · 

r \ 
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posterolateral as· the 
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Q 

of the ACL is to pre vent hy~erextensi~n 8 .. 
fibers become increasingly taut in 

extension, (Grigis et.al (1975)). 

The third function of the ACL i5 to"act as a check to 

-internaI rotation and thus provide rotatory control. Although the 

anterior cruciate ligament contributes predominantly to the 

control of rolling and gliding in the sagittal plane, it also 

plays a role, in terminal knee extension by guiding the anatomical 

movement of Qexternal rotation of the lateral tibial plateau. This 

is cornmonly known as the "screw-home" mechanisrn which increases 

knee joint stability in preparation for weight-bearing (Muller 

1983). This function is important to demonstrate that while 
o 

acting as a anterior-posterior stabilizer, the ACL works in 

synergy with mahy secondary stabi~izers. 
, 0 1 

In th~ study previously described, (Wang and Walker, 1973), 

ligament length patterns were also described duringorotatory 

rnovement. Results showed a significant increase in anterior 

cruciate length during internaI rotation when the knee flexion 

angle is greater than'thirty degrees. This increase in length . 

may indicate the ACL also acts ,as a restraint to internaI 

rot~tion . 
~\ 
l~'$1aw et.q.l. 

/ 

(1974) exarnined' the longitudinal axis of the 

knee, and the role of the cruciates, in'controlling transverse 

rotation. Both voluntary rotation, which is possible at aIl 

angles of knee' flexion, and the 'involunta~tation as~ciated 
with the' locking of the knee in the thirty degrees prior to full '\ 
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extension" wer~ examined. Results reportad the anatomical axi~ 

of ~~ati0ll: as 6~.SSil19 through the medi;î' intercondu lar tubercle 

of the tibial" plate~u. Al ternati vely, specimens wi th sectioned 
o 

anterior cruc1ate' ligaments 'demoh~trated ~rregu~ar rotatory 

.patterns -in the involuntluy pre-extension rotation of the "screw-

home" mechanism. This irrêgularwity lis characterizéd by an 

anterior dis~la,cement 0 of t~! .. ~~ia, on th; femur. 

of rotation with the ACL section~d ,was difficult 

The major axis . 
to discern but 

it is still in the proximity of the medial intercondular tubercle' 
• J J 

of the tibial plateau. When the PCL was sectioned, there was .. 
very li ttle variation in the rotatory pattern from that seen 

CJ 

with both cruciates intact. This led the authors to speculate on 
~ , 

the dominant rolê of the ACL in cont-rol:).ing rotation ~ This 

study demonstrates the fourth m8jor function of the ~n·terior 

cruciate: , 
, 

extension. 

to fine tune the "screw-home" mechanism in terminal 
() 

The fifth major function of the anterior 0 cruciate is a 

secondary restraint to varus-valgus fo&,ces in combination wi th 

the medial collateral ligament. 1h.;i.s function i5 relatively minor 

and will not be elabôrated upon in this review • 

2.2.5 THÈ EFFECT OF CRUCIATE INSUFFICIENCY 
~ 

Per);aps the best description of the cruciates function is, a 
1 

concept approached by Huson (1974), and Menschik (1975) in their. 

discussion of the four bar linkage system: " The cruciates 

convert a t.cue rotational IUovement into a more complex movement 
/ 

of the coupler". i 

, 
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-,-"-nrsruption ()f a cruciate ligarlent abolishes the "gear 
',J , 

mechanisrns" (a~ial f~nct.ion of ~h~' crUo:i.ates~t th~ knee. The 

loss of ,this function, accO'rding to Tril} (1 78) and Menshik 
,( 

( 1974) càn not be sUffici\ently compensated for by the remaining 
~ l 

structures. 
... 

An- _ insufÎiciency of the anterior cruc~a~e ligament will 

:tesult ln a breakdown of the., normal synergy of rolling and 

gliding. This bre~own lnvelves an i~sad gliding .:J..n the .. 

normally dominant, rolling phase of. t.he screw-home mechanism. The 
1 

- gliding, combined with increased rolling, causes the femur to 
:t 
~roll ~p onto the posterfor horn of the lateral meniscus, and , 
glide back off as the knee goes into flexion. Chronically this . 
condition may 

Olsson, 197~ ) • 

lead to meniscal deterioration (Chalandre, 1977; 

One clinical test fQ.r 'cruciate insuf f iciency is 
~ Q 

the pi V<Dt shift. First noted by Slocum and Larson (t968), the .. 
pivot shi-~t phenomenon ilÏustrates the -patnological rot~tory 

freedom prevalent in comple·x forms of -instability. This pivot 

shift action i5 actually a latera'l tibial plateau subluxation 
'-

which can cause instabili ty, deterioration of the femoral 

.. condyle,' 'and menisca) pathologies (Segal, 1980). The cri tical 

role o'ï anterior cruciate insuf ficiena;r in eliciting this 
. "'" 

~ subluxation waS' investigated by Jakob and NO~5berger (1977)' and 

Galway (1979 >. 
of 

Biomechanically, the femur rô'lls without gliding up to 30 

degrees of flexion, and con5equently it is displaced abnorrnally 
, "'- - . 

posterior on tt1e tibial plateau (assisted via the conv~xity of 

~ '1/., . ,",;' 
: .! 
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the lateral ... tibial plateau). The actual ~hift is elicitfd t~rOUgh 
l 1 ~trong valgus press,ure which, favors rolling over gliding when 

the ilio-Ù.bial band is pulled taut by intérnal rotation OI the 

tibia. The tract forces the lateral condyle of the femur back 

until about 30-4~ pegrees of flex;i.on. At t~s point it crosses 
.. 

the culmination point of the femoral condyle and the momentar:y 

flexion axis. Upon reaehinÇ( this p.oint tp.e femur is able to 

, return to its normal position. However, as the tibia· lies most 

distally, it is the tibia which actual,ly snaps ba:ck intE> place 

relati ve to the femur. The forC'e-S ~PPlied by the ilio-tibial 
'-

tract (which are able to do this because of their anatomical # 

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

of the ,- knee~depending on the flexion angle. The eliei tation of 

f 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, - ,aoility, especially: in. 
. ) 

athletic endeavors, is a major COlnpla'int of the ACL def icient 
o 

patient. • 
Both the pivot-shi ft instabili ty. (often °referred to as 

anterolateral rotatory instability), and the pure increased 

anterior translation resulting from ACL deficieney, comprise, in ' 

var10us magnitudes, th~ funetional and physiological degeneration 
/ 

assoeiated wi th this pathology. 

2.2.6. LIGAMENT INTERACTION 

The normal knee is stable througho\.1t its range of motion, 

but the stability is certainly ot constant. The coordination o~ 
... 
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difterent ligaments f te~sile str~ngth varies through,out the 
\ 

:.ang,. What may b.e .. cla~slfied as 

reali~ be greater functional , 

pathological laxity, may in 

potential ,in the knee at that 

'specific angle; greater functf6hal potential in terms of an 
-

increased fre~dom of movement. The greater functional potential/ 

increa'Sed mobility of the flexed knee is /controlled by t~e 
1 

dynamic stabiliz~rs.- Laxity in the "relaxe~nee May disappear ' 
, 

once the dynamic stabilizers are brought into play. c _ 

In tibial external rOtat~on, the collateial ligaments are 

more tense, and therefore . offer greater resistance to varus or 
-

valgus stress than the c uciates (whien are lax in external 
'6 

rotation). In interna! rotation, the collateral ligaments are lax 

while the cruciates are entwined with themselves and thus resist 

varus-valgus, stress. 

With the close interaction and 

ligàments, the ~-c-linical findings, of 

synergie aetivity of 
) 

combination ligament 

injuries (e.g~, PCL with posterolateral collateral, ACL with 

medial collateral) are expected in proportions as high as 80% 

(Trillat et al., 1978). 
~ 

2.2.8. CRuc1ATE INTERACTION IN ROTATION 

In every cycie of knee flexion/extension there oecurs a 
. \ 

--:: ' -

certain amount of automatie rotation at the beginning- ot flexion 

" anà end of exten~~ (Meyer,1853). Strasser (1917) found that the 

cruciate ligam~S lay in a plane set at a 15 degree angle to the 

sagi tt.al plane. This shift away -from the sagittal plan'e 

\ 

,1 
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correspon9s to the exact amou~t of physiological aut;matic 

rotation occurring in the la st 20 degrees of extension. The 
~ \../ 

rotation appearing in the initial degrees of flexion is the • 
reverse of the t~~minal extension rotation. 

Grigis et. al. (1975) fbund an aver,age increase in ]:nternal 

• rqtation of 8 degrees in 

anterior cruciate. ligament 

~ . 

eJtension after sectioning of the 

range of 0-15 degreès). This study 

was done with a knee that had aIl other ligaments intact, a rare . ~ 

occurrence in real-life situations. 

Lipke et. al. . ( 1981) reported a statistically signif icant 

increase in InternaI rotation with isolated ACL section. Even 

9reater increases in internaI rotation were observed when 

~tJ; secondary structures (the posterolateral complex and" lateral 

collateral ligament) WeTe sectioned. However, when the secondary 

o 

\ 

restraints were sectioned without sectioning of the ~CL, no 

signif:i,cant increase in internaI rotation wa's 6Oserved. The 

authors concluded that for pathological internaI rotation of the 

, tibia on the femur to occur, there must be an insufficiency of 

the"-··anterior cruèiate li~àment. 
l 

The cruciate,ligament arrangement allows for their relaxation 

~uring extern~l rotation, and tightening via twisting in internaI 

rotati~n. Simu~taneously, the collaterals work reciprcically by 

~ becomin9\ taut in external rotation and lax in infernal rotation. 

Together they define the structural 'limitatio~s of rotation in 
\ 

the knee joint. 

HUton (1974) states that altnough the cruc1ates are taut in 

", 
t 
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neutral rotation (full extensiOfl), the terminal rotation is 

allowed because of the posterior inferior slope of the lateral 

tibial plateau, which provides enough decrease in longitudinal 

cfuciate tension to allow them to coU in rotation. Thus this 
-

tension decrease through the shape of the plateau at the end of 

extension, gives tbe knee enough freedom of movement to rof:ate. 

This rotation winds the ACL and peL around each other which again 

increases their tension and helps to restrict A/P motion. 

Voluntary rotation at a v,ariety of flexion angles has been 
fi 

investigated cy a number of exper imenters using a technique of 

èlamping the fOQt in 

joint and ro~ating the 

l' 

a neutral position to is'olà,te __ ~the ankle 

tibia , (Reutsch and Morscher, 1 977) . 

'~Although the results' are not consistent between authors, the 

greatest rotation 5eems to occu~ at 45 degrees of flexion. 

Muller ('985) suggests that the ambunt of rotatory excursion 

available in voluntary rotation correspona-s to the amount of 

rotatory displacement of the menisci in each flexion angle. 

Rotation Illust be an important aspect for consideration when 
r, 

proceeding with ~he anterior' drawer test. The maintenance of a 

consistent, measurable d~gree of rotation is essential, although 

at times dif f icul t, as' the tibia tends to move ill"to internaI 

rotation with an anterior force and to external rotation with a 
<' 

posterior force. This is possibly-due to the forces exerted by 

increasing tension in the ACL. The increased rotatory motion is 
, . 

often misinterpreted as increased tibial , translation. Often, in' 

the Lachman's test, a greater, anterior displacement occurs on 
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the lateral condyle of the tibia due to its greater.rotatory 

movement. 

2 • 3 EVALUATION OF KNEE LAXITY 

-
Specifie knee 

/' 
laxity tests attempt to isola:'t,e the major 

ligaments, and stress them to produce an abnormal movement 

(indicativELof ligament disruption). T,h~ abnormal displacement of 

the knee joint has traditionally been assessed qualitatively. 

This ls a subjective assessment involving both a propr iocept ive, 

and" visual perception' of movement between the two joint 

----surfaces. 

Obviously, the accuracy of a visual/proprioceptive technique 

" which measures in units such as millimeters and degrees ls 

questionable. The need for a reliable, valid test.ing device is 

undisputedi but, in ~n attempt to increase accuracy, th'e critical 

aspect of "end-feel ", (.ligament compliance) in the knee ligament 

exam must not' be undermined in i ts mul:ti-faceted Flnalysis of the , , 

structure. \ 

. , , -

, 
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2.3.1. CLINICAL EXAM 

Torg et. al. ( 1 976 ) reviewed the clinical and operative 

findings of two hundred and fifty knees which came to surgery for 

"internaI derangement". The operative findings were correlated 

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

,rotatory instability (pivot shi ft) test' described by Slocum, 

( 1968) and the Lachman "5 test. ,.The knees which had operative 

findings of lsolated meniscal tears had negative findings in aIl 

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

anterior cruci.ate ligament resul ted in, a posi ti ve Lachma~' 5 

test only. It was then :reported that the Lachman' s test is" the 

only test specifie for a diagnosed disrupti0n of the anterior 

cruciate ligament. Anterior cruciate disruption, was also 
~ 

observed in thi~. study'in 79% percen~· of knees with tears of 

the medial meniscus su'ggesting a functional relationship between 

the two. 
-

A recent investigation by Rosenberg a~d Rasmuss~n (1984) 

further clarified the functional characteristics of the anterior 
" 

cruciate during clinical testing in vivo. Normal sUbjects were 

examined u~ing arthroscopy, and a special probe which was 

designed to 

of the, probe 

measure tension in the material it contacts. The tip 
1'" 

was calibrated in- mlllimetre increments, and a 

spring scale. mechanism on the handle of the probe allowed the 

surgeon to apply à known force to' the ligament while the amount 

of,displacement (Lachrnan's) was simultaneously recorde~. The ACL 

was divided arbitrarily into three sections; anteromedial, 

. . . 
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central and PQ~terolateralo Ten~ion in each segment was 

evaluated before and during t~sting with a drawer tes..:t 

performed at ninety and fifteen degrees of flexion. Baseline 

tension was reported as being consistently greater at fifteen 

degrees of flexion than at ninety. The Laqhman' s (at fifteen 

degrees) produced maximal tension in aIl sections Qf the 
.,. 

ligament (the posterolateral segment showing slight-ly less), 

while the cl~ssic 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 etoil. (1976), 

suppo~ts the specificity of the Lachman~ test as an indicator of 

anterior cruciate ligament\integrity. Once validated in this 

manner, the quantification of this test must be ~ddressed. 
Probably the most accepted scale or classification of degree 

of instability is the scale devised by Houghston 

describes three levels of severity in .ligament 

et.al.(1976). 

di/ruption .' 

,) 

He 

A 

first degree tear is defined as' a separation in a small number of 

fibe'rs wi th localized tenderness but minimal instabili ty. This 

is manifested by .p. joint surfaces displacèment of Smm or less :~~-"'"' 

The second degree tear involves a greater number of fibers 

disrupted, increased generalized tenderness and a displacement of 

between 5 and 10mm. Finally, a third degree tear refers to 

complete disruption of the ligament with a joint displacement of 

over 10mm and a corresponding instability. H<?ughston. admits a 

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

"p~ovides a workable scale for clinical use". Since the time of 
/ 
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the Houghston classification, the subjective measurement has been 

modified into four grades for the assessment of anterior-
_\ 

posterior translation. Each of the four grades indicates a 5rnm 

increase in translation (Losee 1985). 

,The anterior-posterior tes~ at 30 degrees of knee flexion 

( which has been incorporatèd into this study has ,been ~ctutin±zéd 

\ fairly extensively in the,literature. .Markolf (.1978) ~mined " 

the Lachrnan's test by recording anterior-po~terior force versus 
. 

displacement through'a test apparatus designed to assess in vivo 

joints. It was reported that the rate of the force application 

d;d not affect the force-displacement curve (o.~ 1.0 seconds) 

in repeated meâsures. iMeasurements of "stiffness" were taken as 

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

measurements were also tpken at this,point. Identical curves .of 

right and l~ft laxity were rare occurrences. Results' of the 

analysis reported equal frequency for the Most stable knee to be 

~on e1ther 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 9reate5t right-left differences. 
• \ \ ' 1 

The average anterior-posterior displacement for this test was 
•. 1 

1 

1 

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

subjects were ~le to increase their knee stiffness an av~rage of 

two to four times when asked to tense their muscles. 

In ~ study previously déscr ibed by Fukubayashi et. al. <, 1982), 

it was reported that when rot~tion is constrained in normal 

knee~, a thirty percent decrease in anterior displacement was 
1 

'1' 

.. 
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observed. This could possibly be explained by the rotational 

mdvament being closely linked ·to the anterior translation sueh 

that they occur simultaneously . 

In summary, the elinical evaluation of eruciat~ defieieney 

has traditionally been measured through the anterior drawer te~t. 

This test4 called the "Lachman's test" when performed at 30 

degrees of fl~xion, has· been shown to be specifie to isolated ACL 

rupture. There ha~ also been reports of ~iab111t~the 
l' . 

measurement of these cases with e~~nging rotatory positions of 

the tibia. The wide clinical use ?long with comparative tlata was 

the criteria for the inclusion of this 'test. 

2.3.2. RADIOGRAPHIe TECHNIQUES 

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

attempting to quantify knee lax~ty with radiographie techniques. 
1 

Many of the experiments, using this technique to measure laxity, 

use cadaver specimens which are ab17 to have various hardware 
-

pieces inserted into the knee to serve as.measurement land marks. 

The definition of the landmarks is the most difficult task 

in objectively measuring o~f radiographie pictures. Kennedy and 

. Fo'wler (1971) measur.ed in vivo lateral radiographs;' but, they did 

not define reference points for measurfng, therefore the 

reproduct~ility of 

also deser: becL a 

displacement of the 

their results is unknown. Jacobson (1976) 
\ 

procedure for measuring anterior-posterior 

tibia on the femur. He used measurement 

distances, as defined from specifie points, in both the medial 

d 
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and lateral femaral 
1 

candy les. The measurements were made off the 

f i1ms using vernier calipers. An average of the media1 and 

rateraI femoral' condyle displ~cements was used to obtain a value 
\ ' 

for the total displacement in each knee. Results nom this study 

showed that for 50 normal male and female subjects, a 95% 

confidence interval of 2.4 mm was established wi th a 

subjects. The author disagreed 

wide , 
1 

with 
! 

biologicaL'variation between 

Kennedy and Fow1er (1971) who stated that both medial and 

lateral condyles displaced an average of. 5 mm with anterior 

traction. Their results showed the 

average of 5.'Smm and the lateral 

, t~hat this discrepancy was probably 

medial condyle displacing ,an 

9mm~bson (1976) claimed 

due ta' confusion regarding the 
, . 

position of the posteriar c0r:tdyles of the tibial condyles which 

were ,used as méasurement rèference points. 

2 • 3.3 INSTRUMENTED DEVIeES 

The importance of obtaining quantitative data for knee laxity 
1 

paxameters has led to the production of 'various test-ing devices. 
f ' 

Most of tpese devices, such as that Ddescribed by, Markolf (1978) 1 -
are designed for experimental use. However 1 as clinical studies 

"increase in frequen'cy, and physicians attempt to' improve 

diagnostic accuracy (reliàbility), the need for an easily 

applied, objective testing device is apparent. Presently there 

are two devices which selectively' measure anterior-posterior 

laxity: the Stryker knee .laxity tester and the Med metric KT100a' , 

wi th the Genucom measuring three dimensional tibio-femoral 
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displacement. 

The KT1000 Knee Arthrometer measures 

tibial excursion, ~elat~ to~the femu~ at 20 

, ._' 

30 

anterior-posterior 

and 90 degrees of 

knee flexion.' The lower limb is positioned by a thigh and a foot 

rest in a position of constant flexion and t{bial rotation. The 
'> 

foot rest provides sOrne constraint to external 'rotation in the 
1 

initial P9sition of the tibia, büt does not 
- L 

interfere during the 
.. ' 

test,. The device attaches wi th t'Wo velcro straps onto th~._ shaft , , ' 

·Of the tibia, and-has a moveable portion which rests on the 

p!-tella. TWQ"· sensor pads are incorporated ipto the devicei one 

on ,the patella and one . eontacting the tibial tubercle. _~ 
J 

measurement of relative motion between the sensor pads"is 

obtained wh en the-examiner applies an anterior-posterior force 
Q 

to the tibia, prior to measurement, a testing reference position 

ls ~stablished as b~ing the resting position 

~pplyirig and releasing a 89 N posterior 

of the ~.afte~ 

load. A dial gauge 

reg~sters the displacement, and the amount of forc~ is measured 
-':" 

througn a force sensing hançle located ten centimeters from the 

joint line .• Di6place~ent can 

nearest millimetre. 
y 

be read from the dial 
..r 

to the 

Daniel et.al. (1985a) investigated this device in three 

cadaver specimens :' 
- }~. 

three ,hundred and thirty eight normal 

subjects, and eighty nine ~tJents with ACt insufficienc~es 

(unilateral). Results from normal in vivo knees exhibited a 

total Afp displacement at a force of eighty-nine newtons (twenty 

-
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one bou-nds). A 
. ) 
cornpliance 

>r 
index was also deterrnined for these 

su~~ts as the increase 

sixty:seven,anq eighty-~ine 

in ·anterior displaoement between 
, 

newtons. The bilateral difference in 
, 

the compliance index was not greater than 0 ",5" rnillimeters for , 

ninety-three percent of the norma)..., patients. 

Conversely, the rnean antericrr-posterior displacement in the 
) 

subjects with anteriot cruciate ligament disruption was 13.0 

millimeters and t,he mean difference of 

" 
the bilateral cornpliance 

index was 1.7 +/ -, - 1.1 rnillimeters. Eighty-f ive percent of the-

sarnple showed a bilateral differenc~ in the compliance index of 
.,;' 

over 0.5 millimeters. In contrast to the findings pf Markolf et. 
o 

al. ,(1978), it'was observep that ninety two percent of the 

subjects had an absolute difference between sides of no more 
, 

than two rnillimeters; thus .appear ing to be fair ly symmetr ical. In 

" the subjects with unilateral ACL deficiencies, ninety six 
1 

percent nad 
1 

ri~ht-~eft difference of over ~wo millimeters (mean 
, 1 

ol 5.6 millirneters)~ This result was consistent with that found .,' 

by MarkolfOet.al. (1984) and Shino ~t. al. (19,8,.4'), who found mean 

differences in similar situations of 5.5 millirneters and 5.7 

miIlim~ters re"spe,ctiveIy.~ 

haniel e-è.a"l. '(1985b) also re~.orted on the use of the ~~o 

for the measurement of patients with acufe anterior cruciate 
o 

ligament disruption. One hu~and thirty subjects were 

,assessed ~ithin two weeks of th~ir initial in jury. , Norm~values 
1 o 

1 were: established through the eyaluation of. one hundreQ, and 

1 twenty normal subj~cts. The average tibi~iSPlacement ~t a 

, ,- J 
. - i 
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tventy pound force was 7.2 millimeters with a standard deviation 
'-

of 1.9 m~llimeters and a range of 3.0 mm to 13.5 mm. The 
~ 

complian<?~ - index ( difference between tibial excursion with a 

fifteen pound force and a twenty pound force) for the nor~al 

knees had a mean of 0.9 with a standard devi~tion' of 0.4 and . 
range of 0-2.5. Right-Ieft ~ifferences ave!aged 0.8 millimeters 

o wi th ~ a. compliance index dif ference averag~ of 0.2 lb/mm. ,The 

validity of thlts ~vice in 
C:> 

increaè.ed sagittal tibial 

terms of Its 
\ 

displacemer t in 

was not shown to be statistically significant. 

ability to measure 

ACL deficient knees 

,..,R _ 

Reliability of thls testing device- has not been specifically 
-

assessed. However, in a sam~le 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 re~orted by Daniel et al. (1985). It is important 

to consider how the device'controls for extraneous variables. The 

KT1000 deals with the possib~lity of hamstring tightness through 
, l 

thigh massage and th~ough performing sorne rapid A/P oscillations \ 

on the tibia prior to measUfement. Flexion angle is ma~ntain~ 

at 30 degrees through the_positioning device. External rotation 

is slightly c6nstrained, ~~ut internaI 
-

rotation is left free. 
\ -

SOf~, ~,i~"'uj compensation is a problem to be con~,idered in two 

areas of contact: at the ~~tellar button and at the tibia. At 
.......... 

the tibia, soft tissue compensation in the posterior force 

applt~cn is negligible as there is no muscuJature.covering 

the anteromedial shaft ot the bone. Anterior force application 

is applied through a strap be~eath the ga~trocnemieus muscle 

Q 
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group, and soft tissue compression is dônt~ed for 'when the 

tissue must -be [ully compressed before affecting the tibial 

displacernent sensor., At the patella, a manual force is applied 

throughout the test to compress the patel+a within the femoral • 
trochlea. As it is difficult to maintain a consistent amount of 

force at times while simultaneously applying the displacement 

force, the possibility for error must be taken into account. 

Also, if the knee is swollen, ït i5 difficult to cornpress the 

,patella wi t-hin the troch-lea. 
'l 

A similar device to the KTlOOO i5 the sagittal knee laxity 

tester manufactured by the' Stryker Corporation. This a:lso 

measure\ anterior-posterior tibial displacement 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 

specifie arnount of force to the tibia in a sagittal plane. Thè 

subject is seated on a positioning platforrn in a relaxid posture 

of long sitting while b~th thighs, are secured with,a velcro strap 

to avoid rotatory forces. An "aligner device" is then a-t tached to 
, 

the leg about to De tested by two elastic straps: one at the 
\ ... 

tibial tubercle and the other at the malleoli.' The proximal 
" \ 

porti-on of this alignment device 'extends to form the patellar 

button whlch rests on top of the patella. When positioned 

cor,rectly, the device is almo5t in line with the shaft of the 

tibia except for a distal lateral deviation to account for the 

quadriceps Q-angle. Translation ls measured between the two 
~ 

reference points, patellar button and tibial tubercle of this 
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component, and indicated on a ~J>~!!,~9_-01'-e!ated scale located on 
i -

the patellar component. The spring-loaded force applicator has, 

an accuracy indicated to the. neates-ypound. \he available force 

Tange is 40 pounds in either direction. Calibration of the force 

applicator was tested with predetermined weights of 20, 30 an~w40 

pounds prior to the testing procedures. The measurernent scale on 

" the patellar button is in millimeters and is calibrated at the 

zero position when placed on the patella. o As with the KT1000, 
, 

hamstring relaxation may be facilitated by rapid Afp 

oscillations and thigh massage. T~ flexion angle of 

obtained using a positioning device which can be 

the knee is 

adjusted to 

test at various degrees of rTexion. There is, however, no 

,qpntrol for. either internaI or e~ternal rotation of the tibia. 

Soft-tissue compensation at the site of the force application is 

established in the sarne manner as described with the KTl 000. At-' 
~~ 1 

t~pateIla, ,however, a controPled amount 0: compressive force is 

obtained through a spring loaded i~ the patellar button. To 

date there has been no data published concerning the reliability 
, -

scale is dlsplaced with the Afp and· va~idity of this device. The 
.f , 

applied force, and returns to the initial testing position to . 
leave a measurable displacement reading in mil~imeters on the 

scale. The force applicator is also spring ope~d with a range 

of 40 pounds, in anterior and posterior directions. 

The advantages of this device are: 1--)... Mobili ty; 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 

J ~ 
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discomfort to the subject. Alternatively, its disadvantages 

include: 1) Lack of sufficient rotational constraint of the femur 

and the tibia, leading to possible variation in measurement. 2 ) 

Th~ce handle does not indicate exact measurements, and is 

difficult to see while force is being applied. 3) Accuracy of 
" 

the recording component at the patellar button is questionable. 

To elaborate on the third factor, ,\ as the tibip. displaces wi th 
A 

respect to tQe famur. the marker on the corresponding AfP scale 

is displaced simultaneously. When the force is withdrQwn the 

tibia returns to "neutral" and the displacement scale is shown. 

This device operates on the assumption that the "neutral" 

position of the tibia is consistent; an assumption which may be 
T 

questionable 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 displacement -reading will not 

be accurate. 

The Genucom de vi ce consists of a computerbased' system 

incorporated 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 ~achine. The second dr i ve i's . 
for patient diskettes which are formatted by the program disk. 

~ The patient disk is prepared by crea~ing a file on the patient 

and ~isting 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 

, 
" ~ 
1 
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~ freedom gonio~eter is attaehed to the tibi~ in order to measure 

the joint ang*e and t~bial / femoral displaeements. This deviee 

hasa doeumented a~curacy of +/- lmm translation on sliding 

displacements, +/- 1 degree on rotational measurements and +/-

4.455 N on applifd forces as measured via tl}e dynamometei,'i (Raab 

and Fraser, unpublished). Three-dimensional knee position is 

initially recorded through - digitization of ,specifie bony 

landmqrks surrounding the kne~ A point digitizing attachment is 

mounted onto the electrogoniometer and can be used to locate 
~ 

spacial points. This information is recorded onto the patient 
-

diskette and the goniometer subsequently attached to the distal 

~ end of the tibia where, on displacement, it records knee 

posit~on based on the digitized coordinates. Force is reeorded 

simultaneously with displaeement through the dynamometer. 

o 

The subject is initially installed into the ~device; a 

proeess 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 is buttressed in four 
, 

directions: anterior-posterior and medial-lateral. 
J 

installation, the program goes into a procedure for 

." 

After the 
1... 

soft tissue 

compensation. Tissue deformation is compensated for in six 

directions: anterior-posterior, medial-lateral, and superior-

~nferior. This compensation is measured by a sequence of hand­

applied ferces (in the range of 112 to '1 56 N~wtons) on the distal 
.. 

end of the femur. Once this compensation has been establ~shed, 

the operator then proceeds with the ?peeific tests desired. 
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Tests which are included in the evaluation procedure consist 

of: tHe anterior-posterior drawer test, the dual 

anterior-posterior drawer test, the internal- external 

rotational stress test, the varus-valgus stress test, the genu 

recurvatumjscrew-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 

rotation, frontal displacement in the sagit!âÎ plane and knee 

flexion angle at any desired degree. 2. force can be measured in 

six directions throughout the test (an important factor in 

controlling extraneous variables which may influence 

displacement). 3. 
110-

force is plotted against displacement giving a 

continuous data recording for evaluation. D1sadvantages include 

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

_ non-mobile", and the experience required to accurately perform 

the tests,. ,Reliabil1ty dâta for the Genucom 1s addressed in the 

present study. 

Evaluation of k'nee joint biomechanics is a' complex area as 

is reflec;:ted in the /' quanti ty of literature relating to this 

topic._ The cruciate ligaments are involved in the control of a 

variety of three-dimensional physiological movements throughout 

~he normal range of motion. This complexity and inter-

relationship of the cruciates with rnany other mobile and static 

structures is of princip le consideration in 'the assessment of 
- .. 

cruciate function and integrity. 

" " 1 ;Or./' 
/''1~ 

" 
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CHAPTER III 
\ METHODS'AND PROCEDURES 

The goals of this study were to investigate: 1. whether the , 
three instrumented devices, KT1000, Stryker, and Genucom, wer~ 

reliable in repeated measures on a single subject. 2. whether 

there was a significant difference between tests of AfP laxity at 

thirty degrees of flexion between the five measurement procedures 

(Clinical examination, X-ray, KT1000, Stryker and Genucom), and 

3. to describe the variance characteristics of the three devices 

over a number of trials. t _ 

These goals were addressed through a two part design. The 

first part concentrated on characterizing the variation of the 
,..,/ 

three devices ( KT1000, Stryker and Genucom) over a two day time , 
frame using a single subject and a group of ten normal subjects. 

This data was collected and a two-factor ANOyA with'post-hoc 

comparisons was employed t~ assess the variance characteristics 

of each device. T~e second part of the study involved a 'similar 

ANOVA design but incorporated additional fàctors, 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 procedures to' distinguish between the 

two populations. 

3.1 SUBJECTS 

In the first part of the stud~, ten- male- 8ubject$ were 
i 

, 1:' 
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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 average of these used in thE!analysis. AlI of the 

subjects were be~ween the ages of 22 and 25 years with no-history 

of knee in jury 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 laxity were 

referred from the practice 

Subjects were excludetl on 

functional disability with 

structural abnormality of the 

evaluated. The subjects were 

of a local orthopaediC'SUrqeo~ 
the basis of having: a) se~re 

normal daily activity, hl ;'vere-' 

knee and/or c) recent knee in jury 

41: with effusion. This data was "obtained from the clinical records 

of the patient along with a 

(Appe~dix II). 

patient information questionnaire 

Both the left and right knees of each subject were tested. 

The order of testing was balanc~d to minimize possible effect o~ 

testing or~er. In order to decrease variance due to gender, the 

population was rèstricted to males. 

3.2 DES'CRIPTION OF THE STUDY 
Il 

The present study incorporated two parts. The first p~rt of 

the study involved an individual assessment of the reliability 

and validity of the .three rnechanical devices while the second 

part investigated th~ relationships between the five measurement . 
4Cj.: procedures. Both parts involved a factorial design. 

- , 
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3.2.1. Part 

In the first par~ of this investigation, the three mechanical 

devices, the KT1000, the Stryker, and the Genucom were evaluated 

separately on a single subject and ten normal subjects (Table 1 ). 

This was done in order to assè~s reliability for the .. 
device-opera~or cornb~nation. Day / Day 2 reliability was 

described through a 2 
.. 

factor 'ANOVA design, one factor being 

DEVIeE which included each of the mechanical de~ices and,ehe 

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

4Ct 3.2.2. Part II 

-o 

.' :/, . 
~~~ .. " ,-'.,". 

Two two-factor ANOVA designs were included in the second 

,~art of the experirnent (Table 1). The first factor, A, remained 

constant 'over both ANOVA's and was defined as the procedure used 

for laxity rneasurement. Five levels of factor A were included: 

1. the radiographie stress test, 2. the clinical evaluation, 3. 
1) 

the Genucom assessment, 4. the KT1000 procedure, and 5. the 

Stryker procedure. The second.factor, B, consi6te~ of ±he knee 

population, cruciate defiaient and normal. 

-
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TABLE 1: 'OESIGN MATRICES 

1We 
PART 1: MEASUREMENT TECHNIQUE BY DAY 

J 

FACTOR B: FACTOR A: .DEVIeE 
DAY 

1 GENUCOM 1 KT1000 l' STRYKER .. 1 
I-----~----I--------------I-------------I------------~------1 
1 DAY 1 1 .; • • 1 

l----------l--------------I------~------~-------------------1 
1 DAY 2 1 1 1 

1----------1--------------1-------------1-------------------1 r 

, 
1 

PART I±: MEASUREMENT TECHNIQUE BY KNEE 
, . 
FACTOR A: MEASUREMENT TECHN~QUE 

FACTOR B: 
KNEE 
------------------------------------------------.-------------

ICLINICAL STRYKER KT1000 GENUCOM ï XRAY 
, l '-- 1 

INJURED I? 1 
1 1 1 1 1 -,. 1 

, ,~ .' 
,\)' 
,; 

I-------------------------------~----------------~------------1 .. 
1 ~ '-.... 1 1 .. 1 1 1 1 
IUNINJURED" l ,r 1 1 1 
1 [ r 1 1 1 
1 1 . 1 1 1 1 

_The dependant variable in' both parts of this design was the 

mea-surernent of tibial displacernent relative to the·1ernur in t6e 
, 

sagittal plane. 

" 
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In part II five measurements were collected on each subject 

.for each level of the independent variable except for the 
, 

radiôgraphic and clinical measurements. The average of the·five 

scores was recdrded as the subject' s 'true score. 

Data for each of the evaluations was recorded on separate data 

collection sheets in order to ensure that the examiner was not ~ 
\ 

aware of the other scores of the indiv!dual. 

3.3 EVALUATION METHODOLOGY 
, 1 

3.3.1. CLINICAL TEST 

In thé clinical 
~ 

test, commonly recognized as the Lachman's 

test, the tibia was mainta~ned in a neutral position. Both knees 

were evaluated at a thirty degr~e flexion angle. The laxity was 

graded according to a modified 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 0 to 

describe no observable displaceme~t. 

3.3.2. GENUCOM TEST 
<> 

. . 
device is a computer-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 degr~e of freedom electro- goniometer which attaches to the 

patient's tibia to measure tibial movement relative to the femur." 
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The patient vas "installed" into the machine in a procedure 

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

compensation procedure vas then completed ta ensure that true 

, tibial motion relative to the femur vas being measured, and not 

displacement of the surrounding soft tissue. 

Prior to' attaching the' tibial goniometer holder, the 
, 

folloving,landmarks vere digitized vith the 90niometer: mid 

points of the tibial tubercle, medial tibial condyle, lateral 

t~bial condyle, and the anterior' midpoints of the medial and 

lateral femoral condyles. The anterior drawer test vas performed 

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

vith the average taken as the subject's scor~. 

3.3.3.STRYKER KNEE LAXITY TESTE~ ;' 

The Stryker Knee Laxity Tes~r consists of three components: 

one designed for the application of an appropriate! force on to 

~he tibia, one for the meaè~rement of tibial translation relative 

to the f emur , and a component t"o secure the lover limb and 
0 

posi tien the flexion angle 
~ \ ~ 

of the' knee.- The force applicator 

quantified the amount of force applied 
~ 

spring and through a 
0 

corresponding force scale. The component designed to measure , 
\ 

tibial translation consisted 'of . a plunger vith a "button Il vhlch 

rests on the patelra and is attached to a metal rode This metal 
'-

rod vas secured to the lower leg by two circumferential elastic 

s}raps. The first strap vas 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 thia 
1 

landmark at the tibial tubercle. 

The Stryker testing device was operatedfaçcording to the the 

following procedure.' The subject was seated on an examination 

table in a position of lon9 sitting to relax the hamstring and 

"quadriceps muscles. Both of the lower limbs were positioned on 

the device 'at a 30 degree~flexion ang~. 

~he lower end of each femur a distance 

A velcro strap secured 
1 

of approxirnately ten 

,centimeters from the tip of the patella. The lower leg rested on . \ 

a padded bar which did not constrict tibial rotatton in·either 

direction. The spring operated force applicator was used to apply 
.. Ji 

o ~ 

a perpendicular anterior~posterior force at a distance of ten 
J 

( ~ 

centimeters distal to the joint line. 
o 

.. 
. 

3.3.4. THE KT1000 KNEE ARTHROMETER 
,,' ' 

The KTl 000 kne~ arthrollleter is a self contained deviée which' 

attaches to the anterior aspect of the tibia (Figure 2) •. A thigh 

support and foot sUPPo~J are. also supplied with the device to 

aid in positioning the limb for testing. Thèse-supports do not 

res-çrict . internaI rotation of the tibia; however, the lateral 
~ 

aspect of the "-foot support -of fers sorne restriction to external 

rotation of the tibia. 

The arthrometer itself was '" fastened onto the tibia with two 

velcro straps-. Wi thin the device, two sensor pads at the patella 

and at the tibial tubercle. i.n7c~ted rer~'ti ve displacement in the 

1 r tt.-

) 
1 

1 

, i 
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Flgure 2. The KT1000 Knee Arthrometer 
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anterior....:posterior direction. Displacement forcê--was applied 

through a force-indicating handle located ten centimeters distal 

to the joint line. An audiotone signaled at force applicat.ions 

of fifteen pounds (67 newton) and twenty pounds ,( 89 newton) in 
c 

both anterior and posterior directions. Pressure was applied to 
, 

the patellar sensor pad to stabilize the patella in the trochlea 

of the femur. A constant firm pressure was applied throughout the 

test. Initially, a reference point was found by repeatedly 

'" applying posterior ,oree until a reprodueible, unloaded knee 

position was found. The instrument dial was then set at zero, 

and anterior and posterior farces applied. Displ-a-cement was 

recorded from the dial on the arthrometer. 

Each of these pieces of equipm,ent were designed to measure 

horizontal displacement in the sagittal plane between the tibia 

and femur. 

3.3.5. RADIOGRAPHIe MEASUREMENT 

r 
Each subj ect was evaluated bilaterally through stress 

\ 

radiographs. The subject was seated in 

( knee ) to be tested secured in a 

flexion, with the femur cl"amped in the A/P 
? 

directions. The ankle was loosely strapped 

ing with the leg 

of 30 degrees of 

medial-lateral 

rota'tion position. -::\ 
A velcro strap was. f astened securely onto tne 

\ 

tibia approximately ten cèntimeters from the joint line. Thïs 

strap had a cord attached to it which was aligned perpendicular 
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-to the ,shaft of the tibïa and clamped in place. Tension was 

app1ied 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 posrt'ioned parallel to the sagittal axis 

Qf the knee joint directly against the lateral jO"int line. The x-
.."".-" 

ray beam was coned in from the l!'edial-.J.ateral direction and the 
o 

picture taken. The procedure was thep repeated for the al ternate 

knee. Superimposition of the two femoral condyles ,was established 

for each picture in order to standardize the amount of femoral 

rotation which could interfere with measurement acc~cy of , 

anterior-translation. Two radiOgr~S were taken of each knee; 

one with an anterior 

with a posterior force 

force of twenty p,und,s applied, and one 

of tJ'fenty pounds ap11ied. Measurement of 

total displacement in the anterior-posterior direction was done 

by superimposing the two films on each other, alignment of the 

femoral condyles, i;and measur ing, wi th vernier calipers, the 

total tibial displacement from the MOst anterior position of the 

t'ibial tubercle. 

3.4 DATA COLLECTION AND ANALYSIS 
( 

, 
\ 

In Part l, the analysis of the single subject 1 dayl, day2 

data was done using a 2-way ANOVA. This was followed by post-hoc 
. ' 

cornparisons in which·a 
r? 

for experîmentwise error. 

Bcheffe test was incorporated ti control 

The ten subject / dayl, day2 
\ 

group of 

data was a1so treated with the same method of analysis. The 

, , 
J 
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single analysis was done in order to investigate the ., 
device-operator reIiab:\.lity. The ten subject group was added to . 
further aid in its clinical applicability and strengthen the 

application of the data collected 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 locate the source of variance. An 

alpha level of 0.05 was utilized throughout the statistical 

analysis·
o 

AlI of the statistical analysis was done using the SPSSX: 2.1 

prograrn on the MUSIC (McGill University System of Interactive 

Computing) system. 
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TABLE 1: DESIGN MATRICES 

PART 1:, MEASUREMENT TECHNIQUE BY DAY 

FACTOR B: FACTOR A: DEVI CE 
DAY 
---------------------------u---------------------------------

1 GENUCOM 1 KT1000 1 STRYKER 1 
I----------I-------------~I-------------I~------------------1 
1 DAY 1 1 1 1 • -1 
I-----~----I--------------I-------------I-------------------1 
1 DAY 2 1 1 ,. 1 
I----------I--------------I-~-----------I----------------~--I , -

PART II: 

FACTOR A: MEASUREMENT TECHNIQUE 
FACTOR B: 
KNEE 
--------------------------------------------------------~-----

ICLINICAL STRYKER-I KT1000 1 GENUCOM XRAY 
1 1 1 

INJURED 1 1 " 
1 1 1 1 1 1 1 
1-------------------------------------------------------------1 
1 1 1 1 1 1 1 
IUNINJURED 1 1 1 1 1 1 
1 1 • 1 1 1 1 
1 l ,1 1 1 1 

variable in both parts of this design was t~e 

measuremfillnt of 
,'\ 

tibial displacement relative to tb~ femur in the 

sagittal plane. 

o } 
1 

.. 
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CHAETER FOUR 

ANALYSIS AND RESULTS 

The study was designed to make a comparison between the 

follow~ng knee laxity devices, Genucom, KT1000, Stryker on tpe 

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 and the Stryker laxity testing devices and 3. results of 
1 

Part II, the analysis of variance between 

variables: knee populations ·(normal and 

kn~s) and the five measurement procedures. 

the two independent 

cruc;)te deficient 

4.1 ~UBJECT CHARACTERISTICJ: PART 1 AND PART II 

In the first part of this study which inve~tigated the 

reliability, of the Genucom, KT1000, and Stryker devi~es, ten 

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 
l 

development_ refers to a iiiinimai amount of adipose soft tissue 

surrounding the knee joint, and is important in minimizing the 

error created by excess soft tissue surroùnding the bony 

prominances. Prior to inltiating the testing sequence, the 

subjects were instructed in a sequence of stretches f~r the 

hamstring muscles in order to minimize variation que to muscle 

J 
1 
1 
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stifftess. >Jo 

A total of fifteen subjects were tested in the second part of 
0 

the investigation. Fourteen of these subjects had unilateral 

cruciate ligament deficiency, one bilateral cruciate ligament 

deficiency, one posterior cruciate deficiency, and one with no 
J \"', 

documented pathology. A total of fifteen normal and fifteen 

b cruciate deficient knees were assessed. The subjects were aIl 

requested to fill out a patient information form in order to 

provide a more detailed descript~on of their pathological history 

(Appendix II) The information collected from these 

questionnaires i5 surnmarized in Table 2. 

TABLE 2 

SQBJECT INFORMATION SUMMARY 

SUBJECT AGE INITIAL INJURY SURGERY MENISCUS ACL PCL 
1- 23 NOV. 1981 SCOPE X X 
2. 21 OCTOBER 1 983 REPAIR X X 
3. 25 OCTOBER 1 982 REPAIR X· X 
4. 24 APRIL 1986 SCOPE X 
5. 25 NOVEMBER 1980 SCOPE -X X 
6. 21 JANUARY 1981 

'" 
X 

7. 24 NOVEMBER 1 978 SCOPE X X 
8. 27 SEPTEMBER 1982 X 
9. 26 MAY 1982- SCOPE X X 

10. 22 . MARCH 1985 SCOPE X X 

1~. '20 SEPT 7 1985 REPAIR X 
- 1 • 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 o~teen ant~rio~ cruciate 

deficient knees, and one posterior cruciate deficient subject. 

The ' majori ty of the subjects had sorne associated rneniscal 
. 

pathology (elèven out of f ifteen r. The subjects were 

homogeneous in age, ranging from 20 to 28 years. The length of 

time from the initial in jury until testing ranged from three 

rnonths to eight years. Most of the injured knees had undergone 

artproscopic surgery (thirteen of fifteen), and four of the 
\ 

fifteen had undergoJle a ligament repair procedure. 

4.2 PAET I: RELIABILITY DÀTA ANALYSIS .. 
The analysis of data collected with each of the three 

instrurnented devices 

evaluation of the. 

was an imPrrtant pilot study prior to the· 

five measur.eÎnent procedures in order to 

increase the clinical _ application of' the resul ts. A single 

subject was t"ested with each device 10 times for two subsequent 

days. Ten normal subjepts were also tested on each of the 

devices for two subsequent days. This design was used in order 

to: 1. measure variation due to normal day to day knee laxity 

(single subject) and 2. measure variation 

ove! a two d..y per 10<1. 

in a normal -population 

\'0/ 
4.2. 1. 8~ATISTICAL DESCRIPTION OF THE' VARIABLES· 

As can be noted in Table 3, the descriptive statistics 

for both the single subject and ten subject reliability data are 

quite similar; although, as expected, the variance and 

III 
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standard deyiation is much greater in the tén subject values . 
. 

The ten subje?t design treated each ~nee as a separate entity, 

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

the right -left differential vas not being addressed in this 
f 

section. 1 

TABLE 3A 

DESCRIPTIVE STATISTICS: PART 1 RELIABILITY DATA (millimeters) 

SINGLE SUBJECT 
GENUCOM KT1000 

DAY 1 MEAN STD VAR MEAN STD VAR 

RT.KNEE 6.8 
LT.KNEE 7.1 

.789 .622 

.876 .769 
4.8 1.03 1.07 
4.8 .42 .178 

STRYKER 
MEAN STO VAR 

4.3 .675 .456 
4.6 1.07 1.16 

~ , ' 

C DAY 2 

61 -

RT . KNEE 7. 3 . 675 . 456 5 . 7 . 675 . 456 
LT. KNEE 6 • 7 . 823 • 678 4 • 4 • 5°1 6 • 267 

) -
TEN SUBJECT 

DAY 

-DAY 2 

7.75 2.17 4.72 

7.8 2.44 5.96 

6.8 1.54 2.38 

7.0 1.45 2.11 

TABLE 3B-

PEARSON PRODUCT MOMENT CORRELATION 

5. 1 
4.2 

:876 .767 
.422 .178 

6.8 1.51 2.27 

6.s'" 1.40 1.96 

R-VALUE (ALPHA=O :05) R 

GENUCOM DAYl WITH GENUCOM DAY2 .73 .,53 

KT1000 DAY 1 WITH KT1000 DAY2 .78 - .61 

STRYKER DAY 1 WITH STRYKER DAY2 .75 ·56 
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4.2.2. ANOVA RESULTS: RELIABILITY DATA 

Tables 4 and 5 indicate the ANOVA Summary tables for single 

and-multiple subject dayl day2 reliability data. 

Table 4 shows that there are significant F ratios across the 

factor DEVIeE (Genucom, KT1000, 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 the Stryker. 

This was further verified with a Scheffe test corrected for 

experimentwise error. 
" . 

The ten subject analysis summary in Table 5 also indicates 

a significant 

comparisons 

F ratio over device, but_not over day. Post hoc 
'" ' 

indicated similar 
-f-

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 Genocom and 
-

the Stryker. These were also confirmed through post-hoc Scheffe 

tests. Pearson Product Moment Correlations for the data on two 

subsequent days showed high correlations for aIl 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). 

.. , 

} 
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TABLE 4 

ANOVA SUMMARY TABLE:DAYl DAY2 SINGLE SUBJECT 

Sourcè of Variation SS -- - DF MS F SIG F 

Main Effects 137.150 3 45.71 66.'3· 0.000 
") DAY 0.833 1 0.83 1.209 0.274 

DEVICE 136.317 2 68.16 98.856 0.000 

2-Way Interactions 0.217 2 0.108 0.157 0.855 
DAY DEVICE 

Explained 137.367 5 27.473 39.847 0.000 

Residual 78.600 114 0.689 
-

Total 215.967 119 1.815 

POST HOC COMPARISONS 

DEVI CES * 1. GENUCOM 'WITH KT 1 0'00 
* 2. GENUCOM WITH STRYKER 

3. KT1000 WITH STRYKER 

T-Value 
-11 .04 

Scheffe Range Value 
3.51 

-13.22 
2.18 

/' 

* denotes a significant difference as 
determined by the Scheffe value' ( ALPHA=O. 05) 

.. 

• t>-
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TABLE 5 \ 
, 

, ~ 

ANOVA SUMMARY TABLE: DAY 1 DAY 2 TEN SUBJECT 

Source of Variation SS OF MS F SIG F 

'Ma'in Effects 22.058 3 7.353 2.25 0.08 
DAY 0.0,08 1 0.008 0.003 0.96 
DEVIeE 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 . 3~ .. 325 119 , 

POST HOC COMPARISONS 

'l'-Value Scheffe Range Value 
3.51 DEVI CES .* 1.GENUCOM WITH KT1000 

* 2. GENUCOM WITH STRYKER -. 
3.KT1000 WITH STRYKER 

* denotes'a significant diff~rence as 
détermined by the Scheffe value (alpha= 0.05) 

4.3 PART' II; MULTIPLE DEVICE, NORMA~/ABNORMAL KNEES 
~ . .-, 

4.3.1. ANOVA RESULTS:PART II 

An ANOVA was perforrned .on the dependant variables to test 

for any significant differences between the levaIs of each 

indapendent variable: the fiva testing procedures, and the normal 
a 

and cruciate deficient knees. Table 6 provides a summary table 

. ·····"··':1 ~ ~ ~ , .... 1 ... ~ , , ... ... 
,\ ~:j. 

, ~>:~ 
.- ~\;i 

" , ~<~ 
::;:'j' 
, ~~' 

"" ". 

of the ANOVA including the surns of squares, mean squares, F-ratio 
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and significance of the F vaîue. The omnibus, or overall 

F-ratio, was significant (alpha= 0.05) in this analysis- leading 
, r& 

to a further statistical investigation as to the location of the 

source of variance. for each 
1\ 

Separate Oneway'ANOVA procedures, 

level of the knee population independent variable, were performed 

, ' 
~' 

followed by planned comparisons among the test procedures for 

'" , 
< each sig~ificant ANOVA. 

\ 

<> 

't TABLE 6A J 
ANOVA SUMMARY TABLE: PART- II 

" Source .Sums of squares df Mean Squares F Signe of F 

C' " 

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 

'7' 

2-Way Interactions 
Knee X Measure 360.56 4 

0,<, 
90.13 12,.99 _ .000 

- Explained 9441.09 9 1049.01 1 51 . 158 .000 ';> 
Residual 4788.,47 690 6.94 

Total '14229.56 699 20.36 
" 

[) 

~, ,-!,' J 

\ 
, , " 

" , 
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TABLE 6B 

MEASUREMENT'PROCEDURE MEAN'SCORES (millimeters) 

X-Ray Clinical Genucom KT1000 STRYKER 
,-

KNEE '. 

Normal 2.50 3.07 10.46 6.93 6.67 

'Cruci :.~e 
Dèficient 6~ 29 10.71 ... 14.34 11. 11 11. 53 

Difference 3.79 7:64 3.88 4.18 ·4.86 

57 

The Summary table for the ANOVA analysis indicates that the F 

ratio was significant acposs. bo~h of th~ factors eyaluated. .Th~s 

leads us to further in~stigat~ the data in terms of locating 
i, 

the major sources of variance. This ~as done by 'analyzing the 

main effects of each level for each ind~pendent variable . 
. 

The main effects 'of the knee population v~riable showed 

grand means for tQe normal a~ crucia~e deficient jknees of 6.13 
~ 0 \ 

(3.60 "8{>) millimeters" and 111 .02 (3.99, ' SD) millimeters 

respectively (Table 7). 
, 

As there was a substanti'l main ~ffect across the knee 

population t'actor,' the measurement procedure factor, was furth~r 
'\ 

oneway analyses for each level.of investi~ted with two separate 
, \ 

knee population. 
~ 

,The first oneway analysis (Table 8) ~gain revealed an F 
.' 

ratio which was significant. Subsequent contr~sts between the 
( . 

, , 

o levels of "the me~îurerne?t factor" (:rable 8) indicated aIl 

.. 
--'-'--~----~--~".'---------
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contra çot s ta be siqn~ficant (alpha ~O.,05), except for the 

"Comparison of the Genucom with the Stryker. The experimentwise 

error ~as oorrected for using·a~Scheffe test~ 

Table 9 illustrates the results from the second oneway 
0 . 

cr.uciate deficient knee population acro!:js leve'ls of the 

measure ent proc~dure 'variable. This 'analysis, similar to the 
' 11 

shows a significant F-ratio. Subsequent contrasts. 
~ 

, T 

b levels of meas~rement showed seven significant T-

statistics. These s'gnificant T-tests ( alpha °>0.05) include all 

excep~ the comparison between thé KT1000 scores with the Stryker 

rcores, the comparison of the clinical with the Stryker scores 

and the comparison of the clinical with the KT1000 scores. 

( 

~ 

~ 

), 
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TABLE 7 "" 

DESCRIPTIVE STATISTICS PART II (millimeters) " ~ . , ," '. 
" NORMAL KNEES " 
il 
1 

" TEST N MEAN STD STE MIN MAX 95% C.I' 

XRAY 70 2.64 2.30 .28 0 8 2.1-3.2 
~< 

r 

CLINICAI 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 • 1 5 5 1 1 6.8-7.4 

STRYKER 70 7. 13 2. 07 .25 3 13 6.6-7.6 

J 
~. 

TOTAL 350 6. 13 3.62 • 19 a 16 5.75-6.5 

0 
CRUCIATE INSUFFICIENT KNEES 

TEST N MEAN . STD STE o MIN MAX 95% C. I. ') .. 
!' XRAY 0 30 6.5 2.8 .36 3 13 5.8-7.2 

• 17 
) 

CLINICAL /) 30 11. 25 3.0 .39 7 10,,5-12.0 
1;\ 

If 

GENUCOM 60 14.68 3.90 .51 8 '24 13.7-15.7 

KT1000 60 11~_20 1 .31 .17 1 9 1'5 10.9-11.5 J 

STRYKER -60 11. 45 3.39 .44 6 20 10.6-12.3 
-. 

TO!l'A~ , '300 11 .02 3.99 .23 3 24 10.56-11.47 
Qo 

STD =' STANDARD :DEVIATION , 
STE STANDARD ERROR 95% C. r. 95% CONFIDENCE INTERVAL - = = 

1 
( . 

• ~. 

" , 

0 '-
,l'i 

-.. ; 

" 
" ,1 

,,~lI"\~i 1,'1 
~ 

~:~ l, 
'6 :~. 
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Source 

Between 
Groups 

Within 
.Groups 

Total 

le, 'r 

TABLE 8 .. . ' 

ONEWAY ANOVA: 

~;, .' ''''' ~ '" 11 1 r 

NORMAL KNEES WITH MEASUREMENT PROCEDURE 

df 

4 

345 

349 

Sum of Squares Mean Squares 

1 

'2663.38 

1903.86 

4566.47 

'1 665.85 120.71 

5.516 

,<J 

TABLE 9 

ONEWAY ANOVA: 

F F Pr-ob. 

.000 

CRUCIATE DEFICIENT KNEES WITH MEASUREMENT PROCEDURE 

Source 

J' • Between 
Groups 

Within 
G~oups 

Total 

• 

df 

4 

295 

299 

" Mean Squares F F Prob. 
1 

Sum of Squares 

2047.23 511.81 .000 

2715.68 9.21 

4762.92 . 

60 ' 
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TABLE 10 

ON~ WAY ANOVA: NORMAL KNEE POPULATION 

PLANNED COMPARISON RESULTS 

. 'COMPARISON VALUE 

XRAY WITH CLINICAL -.857 

XRAY WITH GENUCOM -7.61 

XRAY WITH KT1000 -4.46 

XRAY WITH STRYKER -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 

X~AY WITH KT10000 -4.70 

XRAY WITH STRYKER -4.95 

CLINIC WITH GENUCOM -3.43 

CLINIC WITH KT100Q 0.05 

CLINIC WITH STRYKER ·~0.20 

GENUCOM WITH KT1000 3.48 

GENUCOM WITH STRrKER 3.23 
Î 

KTfBOO WITH STRYKER -.25 

S.ERR 

.42 

.46 

. 31 

.37 

.49 

.35 

... 41 

.39 

t-44 

.29 

.53 

.63 

.40 

.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 

-8.95 

-12.99 

-11.75 

-8.71 

-5.33 

0.12 

-0.34 

6.43 

4.78 

-0.53· , 

~ INOICATES VALUES NOT SIGNIFICANTLY OI~FERENT 
AS,CORRECTED WITH SCHEFFE TEST 

OF T -PROS. 

135 

'128 

104 

137 

136 

96 

130 

91 

122 

112 

- 118 

106 

84 

114 

110 

, 81 

.0,45 

.000, 

.000 

.000 

.000 

.000 

.000 

.000 

.o~ 

.921* 

.000 

.000 

.000 
. 

• 000 

.000 

.906* 

116' .7.33* 

72 

,115 

76 

.000 

• 00'0 

.596* 

. 
" 
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CHAPTER FIVE 

~ 

DISCUSSION 'OF RESUL~S 
, 
'~ 

The purpose of this investigation was to examine the 

_reliability and validity of the various testing 
• a 

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 

concentration~ 1. A discussion of the resu~ts of Part l of this 

investigation, reliability of the three mechanical testing 

devices (including sP1cific reference to single subject r~sults, 

multiple subject results and discus~ion of the first hypothesis), 

2. Part II hypotheses and results, 3. comparison of results to 

current research in the area 4. interpretation of statistical 

results, and 5. clinical and experimental application of 

results. 

5.1. PART 1; RELIABILITY OF TESTING DEVI CES 
o 

The reliability of the three testing devices was examined ... 
• through ANOVA evaluations of a single subject, and with a group 

of 10 subjects in a two day trial. The use _of both a sing le 

subject and ten subject data collection- was to establish both 
. 

adequate reproducibility of the examiner, (single subject) and 

appropriate generalizability (ten ~ubjects). Both the single and 

-the ten subject group showed no significant difference in the 

factor of-DAY; their scor~s on two successive days revealed no 
19 

( 
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significant variation. ~his would seem to indicate that the 

score on each device for a single knee is fairly constant across 1 

a 24 hour time 'period given the constraints of the experiment. 

Across the factor of DEVIeE however, bçth groups tested showed 

that the Genucom scores dfffered significantly from the scores of ' 

• the KT1000 and the Stryker. This "would appear predictable given 
. , 

the differences in displacement measurement techniques involved 
~ 

in the Genucom apparatus. The Ktl000 and the Stryker showed no 

significant differences in scores. It is important to consider 

the sample population in the interpretation of the data 

especially in light of the variability involved in pathological 

conditions of,the knee. 

5.1.1 HYPOTHESIS l 

The first hypothesis stated: There will be no significant 
. . 

difference in the Mean scores taken on a single subject 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 

In Part II of the experiment, the group \ was i~creased to 

include five laxity measurement procedures along with both,normal 

and cruciate deficient knees. This was done to test the yalidity 

of the devices against known test procedures, 1. the clinical 

exam and 2. the x-ray procedure which ,affords a direct 

measurement of bony displacement. The clinical test was incluped 

, 
.1 
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due to it's frequency of application in everyday practice while 

the radiographie test was include~ for it's ability to,provide 

direct visualization of tibial displacement with force 

application. The most significant aspect of this validity 

testing is the ability of the devices to differentiate between 

normal and cruciate deficient knees. A comparison of the 

absolute measurements 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 leads to a discussion 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, KT1 00,0, 

radio~raphic and Lachman's tests. 

Table 6 shows that there was indeed a significant difference 

in the average measurements obtained by the various test 

procedures. 

5.2.2. HYPOTHES!S III 

There will be no significant simple main effect between the 

injured an~ uninjured knees. 

Table 6 also indicated a significant simp~e main effect 

across the knee population variable; thus leading to further 

investigatio~ 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 . 
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were contrasted and all contrasts were found ~o' be significant 

(alpha= 0.05) except for the comparisons of scores between the 

. KTl 000 and the Stryker .' A Scheffe test corrected for 

experimentwise error. Results of the oneway analysis and post­

hoc comparisons with the population of cruciate' deficient knees 

" also indicat~d overall significance and significance, in all 

contrasts excep~ the contra st 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 
, 

In this, as in any experimental situation, it is important to 

compare and contra~t the - results with those reported by other 

researchers. Instrumented testing of knee laxi~y is a fairly new 

JechniqUei - therefore, there' is not an abundance of literature 

published in this area. Hqwever, there have been sorne 

investigations worthy of mention for their comparative value ,to 

the present~study: Daniel et.al. (1985) concerning measures with 

the -KT1000, Oliver and Raab (1984) for their work with the 

Jacobson (1976) concerning radiographie 
, 

measurements • This seètion presents sorne of the comparative 
........ 

data, and discusses certain similarities and differences. 

5.3.1. KT1000 KNEE ARTHROMETER RE~ATED RESEARCH 

Instrumented measurement of sagittal knee laxity using the 

/ 
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KT1000 Knee Arthrometer has been invesiigated most recently by 

Daniel et al. (1985). With both cadaver and in. vivo specimens 

tested, Mean values were reported in populations of normal and 

an'terior cruciate deficient knees. A sample of 338 normal, .in· 

vivo knees (measured at twenty +/- five degrees of flexion) 

were reported to have an average measurement value of 8.4 +/-

2.2 mm with a range of three to' f?even millimeters. 

Comparatively, the results of the present study re~orted a 

slightly lower mean value (7. 1 0 +/- 1.22 mm) with a smaller 

sample ol, fifteen subjects ( five scores on each sUbject) . 
-

Daniel ( 1985 ) also found that the population of cruciate 

deficient knees which were 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 d1ifferences in the se score's . 

. may be attributed to: 1. the smaller 

in tpe present study,·- il. the 

siz~ of sample population 
'\ 

normally high variance in 

indivtdual laxity seen in any given population, both normal and 

cruciate deficient and 3. the diff~rence in knee joint flexion 

angle of ten degrees between the two studies. 

In another phblicatiçm 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 mm. This is very close to 

the value ieported in this investigation and could possibly b~ 

due to the similarity in flexiqn angle (thirty degrees). 

5.3.2. STRYKER KNEE LAXITY TESTER RELATED RESEARCH 

Clinical testing with the Stryker knee ligament tester was 

( 



.. ~. :. .... -... - .. 

o 

o 

o 

~ .. ->1 ~J~,.T J,,;-;~ ~i' ",T"~~,~, ";,', l"""~rt!''''~t~~!~ :-~r~~}'t'~);~'~~~ç: ... "l::t 
~ , 1 ...., - r '.< '\ ~ , J, M! ~_ ~~ :. 

67 

described in a report by S)einer et. al. (1986). This study 

considered anterior-posterior laxity valu~s at 20 degrees 

flexion for subjects before and after exercising. In thei~ 

research they also evaluated the test-retest reliability of the 

Stryker'device in their control group of sedentary individuals 

(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 between two days of 
" ' testing for bath one subject and a group of ten subjects were not 

-signifiCançlY different. 

5.3.3 GENUCOM RELATED RESEARCH 

Most of the preliminary reports regarding reliability and 

measurement characteristics of· the Genucom involve measu~~~ents 

on cadaver specim~ns which are not particularly appropriate for 

comparison with in vivo data. ' However, there have heen.some' 

recent communications regarding in vivo analyses with the 

Genucom. 

The reliability of the Genucom was recently investigated by 

Highenboten (1986). A 
\. 

sample of-twenty males (40 knees) showed 

test-retest'correlations of between r= .70 , . and r= .90. T-tests 

showed no significanta differences between trials for the 

anterior drawèr test at various fl~xion angle~. 

These results are similar to those found in the present 

, 
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investigation of repeated Afp drawer at thirty degrees which also 

show no ·significant difference in single. subject repeated or ten 

subject scores on two consecutive days; also the test-retest 

correlation~ were similar at a value of ~ = .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 numb~r of authors (Torg et.al. 1976, 

Rosenberg and Rasmusson 1984). It is difficult (although 

clinically rele~ant ) to'try and correlat~ the Lachman's with the 

three devices; as many examineis rely on ~ch subjecti~e 

judgement as weIl as· other clinical signs in the diagnosis of 

cruciate insufficiency. As the Lachman's test is one of the 
,r 

-
most widely used clinical tests for cruciate deficiency, it was 

t1 ---( included in this ~tudy as a comparative measure. 

5.3.5. RADIOGRAPHIC TEST PROCEDURES 

Stress radiography of the knee joint for the detection of 

pathological laxity 
~ 

has been approached in à. number of 
! 

investigations (Kennedy and Fowler 1975, TorzilJi et. al. 1984). 

Most of these studies involve the anterior-posterior drawer at 

90 degrees with the patient in a seated position. Unfor~unately, 

the measurements from these experiments are not applicable to 

comparison with the present results as the flexion angle differs 

substantially. There has been sorne in vitro investigation ot 

anterior-posterior laxity of flexion angles less than ninety 

.' ';;'i!.~,~" • 
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degrees. It is felt, however, that comparison of the in 

data to the in vivo measurements is not accurate due to 

viscous and muscular changes inherent in the two preparations. 

Jacobson (1976) reported anterior-posterior displacement 

measurement via radiOgraPhi~easurement of the two femoral 

. condyles. The wide biological variation among subtects' knees 

was emphasized along with the importance of ~omparing the 

alternate knee when diagnosing pathological laxity. Results of 

the present study indicate that the scores are significantly 

different between normal and cruciate deficient knees even given 

the wide variati,op in normal scores. 
"" 

5.4. VARIABILITY IN PROCEDURE SCORES 
, , 

5.4.1. INSTRUMENTED DEVI CES 

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 attributed to a numbe~ of 
(l 

factors. The primary influencing factors include: 1. differences 

in the patient installatio~ procedure used in each device, 2. 

dif ferences in the position of the 11mb in each device and 

rotational variance of the tibia, and 3. force application 

differences in both the soft-tissue compensation procedure and 

test force application. 

Installation procedures,can produce variability in resijlts 
,/ -~----,..-/' 
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which are specifie to each device. The Genucorn has a very 

sophisticated installation procedure which requires careful and 

accurate digitizing, positioning and clarnping of the femur with a 

specifie force. Initial patient positioning is critical as 

improper seating tends to encourage thigh abduction and external 

rotation which may affect the repeatability of the rneasurements. 
-

Consistent neutral positioning of the thigh and tiqia was 
'>J 

maintained with.the joint line approximately two inches from the 
1 

edgé of the dynamometer platform. The distal thigh was clamped 

with medial and lateral forces of appLoximately 25 lbs and an 

a.nterior-posterior compression of 30 lbs. Variation in these- \ 

torces would result in different 50ft-tissue compensation values 

in the six directions ~f measurement. This variation would 

affect the test measures,to a certain extent. In a sim:l,.1ar 

light, the between-subject variation wo~ld be greater in su~jects 

with a large amount of adipose tissue s~rrounding the knee as 

this tissue would necessitate large soft-tissue compensation 

values. It also creates difficulties in -identificatio~ of the 
-

bony landmarks critical to the digitization procedure. 

The KT1000 in'stallation was relat~vely simplistic in 

comparison to that of the Genucom. Th~ neutral position' of both 

the thigh and tibia was again maintained with precision. The 

flexion angle was checked throug~ut the testing -to ensure a 30 

degree value. Positioning of the patellar sensor pad 50 that it 

rested securely on the patella and compressed it into the 

intercondular groove was an important aspect of the inst~llation. 

1 , ,1 
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Erroneous movement in this procedure .may have affected 'the 

measurement'. The tibial sensor component' was fair 1y easy to 

control for unwanted movement as i t, could be secured tight1y , 

with the velcro strap. The- device ali9nm~nt with the joint line" 

was important to produce an accurate -measurefuent., When the 

device was attached bo the shaft of the tibia-, it~ at times 

di'fficu1t to maintain adequate alignment in sorne subjects due to 

the normal physiologie angulation of the anterior shaft "of the 
, 'fi , 

tibia relative to th~ patella. , 

The Stryker set up "~~ocedu~e6 as with the others, involved 
oP 

sitting t~e subject in a position of neutral femoral' 
11 

and tibial , 

rotation. The ?oint wa's posi tioned at the axis of the distal 
o 

1imb support in order to ensure a consastent flexion angl~ of 30 

degrees (double checked with ~ goniometer ') • The tibial /,./ 

attachment waEt:~ posi tioned using care-fully a1igned proximal and 
r , 

, distal contacts. The contacts on the tibial tubercle and 

patellar button were important as the relative .displacement 

measures were recorded from the se points. 
" 

Variation in limb pbsition t was an influential factor in 
• 1 , 

score deviation. Each of the devices carried with it specifie 

limitations to rotational control. , 
, . 

III thè Genucom, rotation.was 

manually control1ed by the operator and ~alues recorded in the 

test results. This provided for good control ~hrough examine! 
, , 

feedback while the test was being performed, but was dependant 
" 

.on neutral initial positioning of the tibia for aecuracy. 

o Alternatively, the KT1000 had only a' minimal amount ot" rotati,onal 

-' 
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constraint - in external. rotation, due to the distal foot 

positioning portion of the apparatus. This.1ack,of rotational 

control was not necessarily a negative feature as long as the 
" o 

-

amount of rotation was consistent between tests. However, cas 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, rotation 

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

velcro straps which restrained the ankles ' around the malleoli . 
.. 0 

A& with the KTtO~O, the allowable rotation was not measurable, 

and thus may have contributed to the unexplained vari~tion .. In 
Ç> 

aIl three of "the devices the positioning of the patient was 

difficult if any type of tibial deformity was present. 

The force ap'plied to elicit anterior-posterior displacement 

"in aIl of the t~sts may aiso. have caused measurement variation. 

With the Genucom, the force applied by the examiner could have 

deviated from its perpendicular application, or the area of force 

application rnay have changed, both of which could affect the 
\ .Jll 

displacement values.,~ In both the KTlOOO and Stryker devïces, 

perpendicular application of the force was influential and under 

the subjective 'control of the examiner .. Indiqes of compression 

or distraction were not available, as in the Genucom results, 

ma.king the values of Afp displacement more susceptible to 
," 

unexplained varianc~. Excess compre~sion,normallY restricts Afp 

translation while excess distraction normally facilitates Afp 

displacement • 

. .. 
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The area of force 
~ 

application rnay have aiso co~tributed' to 

variation in the tibial displacement. This ,occurs if the force 
1 • 

forde 
-

" 

to be ,traBsmitted' to 

than normal, thus allOWi~9 more 

the ti1;:>:l.a which would refUl t in 

was applied ovel' ,à greater are a 

greate~ displacement values. 
, 

Finally, the amount of force applied to the tibia 'could 
l " \ 

affect the tilSial ddsplacement value. The protoèol used in the 

present study 'called for recording the tibial displacemerit at 
\ 

a 

force application, of twenty pounds. This was easily determined 
! 

in' the Genucom from the force-displacement curves. ,The KTlOOO 

nad an internaI' sensor which indicated" a force applicati~n of 20 

pounds. At this time the displacement value was noted ,on the 

o dial. The St~ryker device required mailUal force ap~lication w·ith 

1 
1 

'a spring-loaded device requiring the operator to earefully , 

control. the applied force. , , 

A single examiner' was used to perform aIl of the tests with . 
the deviees in order to mainté\i}1 consistency in examination 

technique. 

5 .4.2. RADIOGRAPHIC AND CLINICAL EXAM 
• 
In the second section of this investigation, two other test 

- , ) 
p • 

procedures were ineorporated along wi th a population of crueiate 

deficient knees. The radiographie . technique will now be 

addressed along with the clinical evaluation. 

The radiogr~phic eQ'aluation contained sorne inevitable areas 

0, of .. error proAuction. These areas include: 1. the time lag in 



. \ 

force application and picture taking, 2. uncontrolled femoral 

rotation, and 3. muscular tightness. The time lag between the 

force application and the taking of the actual radiograph was 

unavoidable in the positioning of the set up in correct 

alignment. 0 This May have created errorSi the soft tissue onto 

which the force was app~ied, tends to dissipate that force with 

tirne. >tI' #' 

Al though considerable care was taken to align the knee 

such that the radiographie tube was perpen~i<::ular to the sagittal 

plane, it was not always possible to achieve a perfect 
1 

superimposed shot. ',The ,presence of inconsiste~ernoral rotation 

in the two radiographs being compared produced possible 0 error in 
J 

( ~ the ability to locate .appropriate landmarks. Translation could 

.,. 
~f 

have been masked by an excess of tibial and/or femoral rotation.' 

Muscular tightness, as seen in the instrurnented devices, May 

have also prevailed in both the radiographie and clinical exarns . 
. 

Analogous to the KT1000 and Stryker tests, the radiographie 
f 

procedure positioned the subject in long - sitting to enhance 

hamstring relaxation and provide consistency be4we~n techtî-1iques. 
f l "'- ~, 

"\ 
l 1 

5.5. CLINICAL A-ND EXPERIMENTAL APPLICATION OF RESUvr'S 
, 

The clinical application of the results is p'robably best 

described by relating i t' to those test procedures which are fast, 

accurate and cost-effective. This would include, of courSe, the 

clinical manual exam; which although easily applied and cost-

ef fecti ve, has been notoriously unreproducible. The present 
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investigation reflects the clinical examination as -being able to 

indicate 0 cruci~te deficient pathology in a given .population. 

This clinical exam must be evaluated with the consideration that 

aIl subjects were chosen on the basis of a clinical or 
, -
arthr~copic examination positive for cruciate deficiency and 

o 

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

success:Eul in its ability to indicate significant laxi ty. This 

technique however is fairly expensive, time consuming and 

difficul t to control for variation in force Qdispersion secondary 

tri the varying amount of soft tissue. "The proportionally 

greater Genucom scores could have been due to the technicàl 
o 

calculation of the displacement curves. As the soft tissue is 

'displaced, a hysteresi~ occ'urs due to the differences between 

the appl ication and r~lease of a loading force. Because of 

t.his, there is no wi}-y to verify a true neutral position, and the 

calculated position (taken as the mid-point between t~e starting 

positions of the AjP forces) is. gràter than the true 

displaceinent. AIl three of the devices were able to show 

significant differences between normal and cruciate deficient 
", .... 

knee-laxity. measures. In tenns of clinical application, aU of 
.{ 

the test procedureS are feasible if the information to be 

gathered concerns significant asymmetry between anterior-

posterior laxi t.y . 

In terrns of experimental application there were certain 

1 differences between the procedures tested. First, the clinical 

examination is probably the least useful in terms of 

reprodUCéability and clinical reporting for experimental 

. ~.R·,·"r~ 
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analysis. Its subjective nature leads it ta a number of unique 

variations unacceptable tô the precision necessary in situations . 
requiring linear displacement values in defined planes. The X-

# 

ray procedure is useful al though not as convenient and 

J comf\rtable as the three devices which can be used in an office 

setting. The Stryker and. the KT1000 are both very po~table and 

give a fair deg~ee of clinical information in the documentation 

of A/P laxity. The experimental value of valid quantifiable 

documentation is indisputable. 

A comparison of the procedures based on the reliability and 

~ 
validity data show that even though aIl of the hocedur~s were 

abl~ to identify the cruéiate ~eficient populati , they showed 

much vatiation in scores. Variation of each procedure indicated 

that the Genucom was the most variable while the KTIOOO the 

least vaX::,iable. From highest to lowest variability th~ 

i 

procedures could be ranked as follows: Genucom, Stryker, 

Clinical, X-ray, KT1000. Another important consideration in ~ 

interpreting the differences in qevices is the effect of g~avity 

on the tibial shaft which will cause a relative reduction in the 

anterior force. This occurs as the force needed to overcome 
il, 

gravit y will be subtracted from the twenty pounds of applied 
, 

force in aIl techniques except the Genucom which subtracts it 

out. 

In their ability to measure a difference between normal and 

cruciate deficient knees, the. device& can be ranked according ta 

the mean score differences for normal and cruciate deficient 

knees: 1. Clinical 2.Stryker 3. KTIOOO 4.Genucom 5. X-raYe 

_ 3J~i t"" ""-
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CHAPTER SIX . -

SUMMARY AND CONCLUSIONS ::; 

The investigation of reliability and validity in 

instrumented knee ligament laxity testing devices is essential 

prior to their utilization in clinical research. Quantitative 
-

measurement of anterior-posterior laxity ln the knee joint is a 

very useful tool in the assessment of clinical pathology 

pertaining to the cruciate ligaments. It ls also an applicable 

experimental procedure for the assessment of the many operative 

repair procedures for damaged anteri~r and posterior cruci'ate 

ligaments. 

~ 
The purpose 0(1 this study was to investigate three 

mechanical devices produced -to' assess anterior-posterior 

displacement in the norma\ and, tUCiate' d~fi~~ent. kn~e. It was ' 

hypothesized that as each of the procedures provided 

displacement measures in millimeters, the ,mean score assessed by 
'" \ 

si~.~ificant deviation each measuring device would not show any 

as compare~ to the x-ray displacement score which was taken as 

the criterion variable. It was also hypothesized that there 

would be a significant difference in the measurements of normal 

versus clinically diagnosed cruciate deficient knees. 

1 
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-----

c 

\~" 
II~, ~~ ')'". , 

:..A R >1 1 ~' 

,1 

\ 
78 

6.1. METHODS AND" ANAbYSIS 

In the first part of the investigation, ten supjects were tested 

on the Stryker, K~l 000 and Genucom for two consecutive days. One 

-of the se subjècts was evaluated ten times on each device while 

the other nine were evaluated three times and the average taken 

as their scores. This data was analyzed for Day - Day 2 score 

dif ferences through 2-,factor ANOVA designs with post-hoc 

compari~ons bet~~\ devices (whiqh 

experimentwiseror using Scheffe tests). 

" 

were controlled for 

The second part of the study was of sim.ilar design but 

included twd other evaluation procedurés: the clinical 

evaluation with the Lachman' s test at 30 degrees and stress 

radiographs. Fifteen male subjects with fifteen normal and 
.." 

- -Q~~ 

.fifteen cruciate deficient knees were evaluated. The evaluations 

cn each of the devices was done in as close a time frame as 

ci) "possible in order to minimize day to day variation.. A two 
, 

factor ANOVA revealed 
., 

W'arr,enting postO-hoc difference thus a 

p~anned compar±so~s tb localize the areas of variabili~y. These 
. 

c:omparisons, as with the ones, in the first section, were 

. controlled for experimentwise error using Schef te tèsts. 

'-'t' 
,; 

" 
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6.2. RESULTS AND FINDINGS 

. The statist'îcal analy.sis of variables revealed the 

following in Part l of the study: 
, 

1. There was no-significant differ~nce betw~en scqres 
, 

collected on two subsequent days with the Genucom, 

KT1000 and Stryker devices. 

2. There was a significant difference between the mean 
• 

scores collected' with the KT1000, Stryker and Genucom 

-th_e Genucom scores being significantly different from the 

KT1000 and Stryker scpres in the post-hoc analysis (alpha= 

Ô"'-OS ) . This was true for the data collected from both a 

single subject and te,n subject' series. 

In tn~ second part of the study: 

1. Each of the fi ve measurement pr~cedures revealed 
o 

significant differencës between normal and çr-uciate r, 

deficient knees~ 

• 

2. A significant differenèe was found, among the saores of 

the five .measurement procedures (Genucom, KT1000, 

Stryker, X-Ray~ and Clinical) for populations of both 
~I • 

normal and cruciate deficient. knèes. 

\ 
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3. AlI of'thl test procedures showed significant mean score 
_. 

differences in orthogonal post-hoc comparisons exc'ept 

for: A) The comparison of the KT1000 with thé Stryk~r in 

the normal knee population, and B) the comparisons of 

i y' 1<"000 and Stryke~ ii) CI~nical and ~tryker and i'ii) , 
o 

. Clinical and KT1000/in the cruciate deficient population. 
,.~~ 

6.3. CONCLUSIONS 

The following conclusions may be just~fied according to the 

experimental results. They must, how~ver, be viewe9 in light ~f 

the limitations, delimitations and assumptions Inherent in the 

study design. 

1. AlI of the five testing pr0cedures were,aole ta -

distingulsh between norm~l and cructate deficient knees. 

2. The three instrumented' devices, Genucom, KT1000 and 

stryker, were aIl shown to be repeatable in a two day 

s~quèntial testing. 

3. AlI five test procedures quantified significantly 
-

,different scores în both normal and cruciateodeficient 
• 

knees - except for the KT1000 and the Stryker. 

6.4. IMPLICATIONS 

Based on the information in this investigation, there are 

several implications regarding quantitative assessment of Afp 

knee ligament laxity. First, it must be emphasized that the 

clinical Lachman's test (to which aIl of the procedures were 

compared) 15 only a portion of the total clinical assessment 

j 
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on which operative and rehabilitative decision making is based. 

With this in mind we can look at,all of the test procedures in 

their ab~lity to differentiate bet\feen a normal and - a 

pathologically lax knee jQ!~~'This laxity in the sagittal plane 

is Most often a reSUl[ of damag, to the anterior and/or the 

posterior cruciate ligaments which provide the majority of the 

restraining force in this direction. This ability of thé 

'procedures to ~'. differentiate, may be able to provide support ive 

documentation to aid in the d~nosis of these injuries as weIl 
-

a~ record the progress of surgical and rehabilitativ~ processes. 
, 

" 
~n the experimental application, it is critical to be aware of ' 

the differences among meàn scores in the five testing procedures 

before comparing laxity measures between devices. 

-
6.5. RECOMMENDATIONS FOR FURTHER STUDY 

Based on the f indings of the' prese-nt study, i t is the 

investigator's recommendation that: / 

1. Further research be carried out in the area of 

'investigation of the variation among measurement procedure 
. 

'scores. 

2. Thë three instrumented devices be used in a wiqer 

clinical setting te apply their ability te differentiate 

knee populations, and test their test-retest reliability 

over a longer time interval. 

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

J 

~:tJ 
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joint- in term~ of function, and in light pf the fact that 

the ligaments restricting 'movement at this joint arlF also 

three dimensional in structure, a detailed three 

dimensional adalYSiS of the structural capacity of both 

normal and damaged joints would be the optimal assessment 

prpcedure. As' the preseJnt stùdy incox:porated a~alysîs 'in one 
- "-

plane, variation within this plane is highly likely to be 

due to individuàl restrictions and laxity in the other 

- available planes of movernent. 
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APPENDIX l 

() 
, 

INFORMED CONSENT FORM 

1 
,/ The study that you will pa:rticipate in is designeù to 

evaluate various testing devices for kneé li'gament laxity. You 
wiil be asked to allow 'each knee to be, assessed 'by: 1. an 
experiehceq orthopa'edic surgeon. 2. thé Genucom, Stryker a'nd 
Ktl00Q dèvices (ail non invasive devices which 'are currently in,. 
clinical use) and '3. Stress xrays invol ving two . lateral 
photographs of each knee joint. ' 

You may disc0t:1tinue your participation in the stlidy at any 
time simply by asking to do 50. That is, you can refuse to 
complete one or aIl evalùations or you may ask to have your data 

"'" 1 results destroyed or withdrawn from comparisons. 

It will be possible for Wu to' see the results of your 
evaluations and to recieve an analysis of your evaluations. AFTE~ 
THE 8TUDY IS COMPLETED, THE~ DATA COLLECTED FROM YOUR KNEE 
EVALUATIONS WoILL BE RECORDED AND DOCUMENTEO W:(THOUT ,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 torm, and that 'the researchers and the 
University are not- responsible for any injuries. which may occur 
in the course of the exper iment. 

Signature ________________________ __ 

" Date ______________________________ ~ 

Address ____________________________ ___ 

Telephone __________________________ __ 
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iAX~TY TESTING ASSESSMENf:PATIENT QUESTIONNAIRE 
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~I Age ________________ __ Name -----------------------------------------

Address ____________________________ I~l-----------------------------
LI 
, 

\, 
\ 

Ph on e ____________________ __ 

InJury Qistory; 

injured Knee ________ _ 
1 

In-i tial In j ury _____ .....-___ --4' __ Date of 
\ ) ~ 

Date and Type of ,SVrgery ___________________________________ ~~~ __ 
j 

Rehabilitation. ______________________ ~-------------------------

Brace ______ ~----------------------------------------~----------~ , 

Sub.jective Instability: Mild', ,Modera~e, Severe . ....;:o' ______ .:....-____ _ 

Incidences of Swelling (per month) ______________________________ __ 
"\ 
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CI;.!~ICAL GRADING S7E . 
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The classification system decri,f)ed· by Hoûghston (1976) 
dealing with rotatory and stra~ght knee ligament instapilities 
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 publi9hed 
( 1968) in a handbook enti tled "Standard Nomenclature, of Athletic 
Injuries". , 

The grading scale was as fpllows: 

Grade 1+ Mild Instability, , 
joint surfaces seperate Smm orless 

Grade 2-r- Moderate Instability, 
joint surfaces sepa~ate between 10-15 mm 

,- D, 

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

For the purposes of this inves~gation, tne scale was modified 
as follows; 

Grade 0' No appar~Pt ~bio-femoral displacement , 

Grade Displace-ment between O-Smm 
( 

Grade 2 Displacement between 6-~Omm 

Grade 3 Disp1acement between 11 -1 5mm 

Grade 4" Displacement greater than 15mm 
- ~ 

This was a subjective ;value \ decided upon by the examining 
orth9paedic surgeon while performing the Lachman's test . 
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