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Assessment of Functlonal Tests After Anterior
Cruciate ngament Surgery
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he anterior cruciate
ligament (ACL) ac;s as
~ one of the pnmary
passive restraints of
the knee joint (12)»
Funcuona) stability of the knee _]mnt
is, however, provided by passive re-
straints of all the ligaments, by active
restraints generated by the muscles,
and by joint geometry (12). All these
structures are workmg mterdepend—
ently during in vivo joint function.
Functional rehabilitation of the |
ACL-deficient knee is, thcrefore;
recommended in the literature |
(10,17,21). However, evaluationjﬁ of
the results after the rehabilitation
program has mostly been limited to
clinical laxity tests and SUbJCC[lVC

- functional scormg systems. These

tests are not in accordance with the
therapeutic interventions. Someau-
thors have reported no relanonshlp
between clinical laxny tests and the -
patients’ own perceptions of their
knee function (6,18).

Functional testing is an attempt
to evaluate the functional stability of
the knee joint, and it may also con-
tribute to finding a better re]atlon—
ship between the results of clinical
examinations and the patient’s knee
function. Several functional knée
tests are described in-the hterat,ure
the shuttle run test (1,4), the stairs-
running test {20), the ﬁgure—of-fgight
test (20), the vertical jump test (1,3),
four types of one-legged hop tests
(3,11,20), the cocontraction test (8),
and the carioca test (8). Many of
these tests have been poorly evalu-
ated and therefore do not pxovxde
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Funcﬂona! tests are often used to assess knee function after knee ligament i m;unes However,
the rehabrhty and validity of these tests have not been sufficiently studied. The main purpose of this
study was to examine six functional knee tests in order to establish the tests according to functional
demands. The functional tests (vertical jump, figure-of-eight, stairs-running, triple jump, stairs hop- .
ple, and side jump tests) were evaluated on 35 patients after anterior cruciate ligament reconstruc- -

tion (X

18 months postoperative). Evaluative variables were the Lysholm functional score, thigh

atrophyl and knee instability. Factor analysis was used to identify knee tests based on the same basic

“variablés in order to employ the most representative tests. The factor analysis disclosed two factors -
- that reﬂecled diverse functions. The first factor had significant correlation to the Lysholm score (daily

life funct;on) and was best represented by the figure-of-eight and stairs-running tests. The second

* factor was best correlated to the strength/stability function and was best represented by the triple

jump test and the new stairs hopple test. Thus, the tests were categorized according to functional
demands—darly life function and strength/stability function. The Lysholm funcuonal score was
inaccurate in identifying functional problems during strenuous activities.
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reliable results. In addition, previous

- literdture does not explain the valid-

ity of each test. Given the paucity of

‘resedrch on functional tests, the pur-

poseiof this study was to study six
functional tests in order to establish
the tests according to functional de-
mangds and to validate the Lysholm
scoré according to the patient’s knee
function.

MATERIAL AND METHODS

Subjgcts

Between November 1987 and
June 1989, 40 patients were treated
for acute (0-14 days old) ACL inju-
ries.| Twenty-two men and 18
womjen, mean age of 26 years (+
8.2); volunteered to participate in

this study. Eighteen were treated
with simple suturing of the ACL and
22 with an additional augmentation ‘
using the medial third of the patellar
tendon. The patients were followed
up after the operation (X = 18 + 3.9
months)
Ninety-four percent cf the pa-

tients had been injured in sports ac-

tivities: 11 soccer players (29%),

eight alpine skiers (21%), seven
handball players (20%), six cross
country skiers (16%), and three oth-
ers (8%).

Two patients could not be fol-
lowed up and were excluded from
the study. One patient was operated
on bilaterally during the period, and,
additionally, onc patient was rein-
Jjured the day before the follow-up
examination. Another patient sus-
tained a fracture in the contralateral
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leg: These three patients were also
excluded from the study.

Procedure

Data for each subject werk re-
corded by one physician and one
physiotherapist. The variables meas-
ured included the Lysholm sc0re
(19), the Tegner activity score (1 9),
thigh atrophy, laxity test, and six
functional tests: Two of the func- -
tional tests were designed exc]uswely
for this study. ,

- Lysholm Score, Tegner S':ore,,g Thigh
Atrophy, and Laxity Tests

Subjects filled in a questionnaire,
the Lysholm score (20), in ofder to
record their patient self~assessmem
They graded their knee problems ac-

.cording to eight different va,nab]es
hmpmg, wexght bearing; stair climb- -
mg, squatting, instability, pain, swell-
ing, and locking. Maximum score
was 100. Scores below 68 were con-
sidered poor, from 68 to 77 fair,
from 77 to 90 goed, and above 90
excellent (16).

The patients’ pre- and postoper-
ative activity levels were reglstered
by the Tegner activity score (19).
This scoring system ranges from 0 to
10. Activities are graded according
to performance dlﬂiculty—zero de-

' notmg sick leave or disability pen-

sion because of knee problems and

10 denoting the most strenuous ac-
tivities of the knee, like competmve

soccer and handball. !

Muscle atrophy was recorded by
~ measuring the cxrcumference of the
thlgh 15 cm proximal to the supe-
rior pole of the patella. A KT-1000
knee arthrometer (2) (MEDmemc
Corp., San Dlego, CA) was used to
record the anterior dlsplacement of
the tibia relative to the femur. More
than 3 mm of difference b;tween
the involved and uninvolved knees at
the 89 N force test was defined as
instability and used in the statistical
analysis (2).
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Fur_ictional Tests

! Six functional tests simulating
vamous functional activities were
used All tests were performed with-
out a brace. Three of the tests were
twp—lcg tests; the other three were
one-leg tests. All patients were tested
byi the same physiotherapist. Each

: subject underwent an 8-minute
- warm-up period of low-resistance er-

gdmeter cycling before performing
th;: functional tests. Afl functional
tests were performed in the same or-
der following each other immedi-
atfely after instructions: vertical jump
t_eﬁsl, figure-of-eight test, triple jump-
tegst, stairs hopple test, and side jump
test. S :

Some authors have
| reported no
re!attonshlp between
clm:cal laxity tests and
. the patients” own
perceptions of their
knee function.

[ Vertical Jump Test  The injured
leg was positioned closest to the walil. .
The patients were standing on both
feet, one foot length away from the
wall After bending down to a knee
flexion of 80-90°, they jumped ver-
tlcally and made a mark on the waii
with a pen. This test was performed
three times and the best trial was
Used for data analysis. The distance
from the floor to the pen marking
was measured in cm.

| Figureof-Eight Test  Patients
ran a figure-of-eight (each circle 4 m
m diameter) three times. The time

.was recorded in seconds (Figure 1).

Stairs-Running Test The pa-
‘tients ran up and down a staircase,

7w1th two 180° turns and 55 steps in

e s s

4 meter

B meter

* FIGURE 1. The figure-of-eight test. |

total. Each step was 17.5 cm high.
The time was measured in seconds.
Triple Jump Test  Standing on

- one leg [first the uninjured (unin-

volved) and subsequently the injured
(involved) one], patients Jumped

three times along a straight line. The
difference between the two legs’ per-

‘formances was recorded in cm (Fxg— ,

ure 2).

Stairs Hopple Test “This is a new
test in which the patients jumped on
the uninvolved leg up and down 22
steps (each step 17.5 cm high) on a

00

cm

O .

FIGURE 2. The triple jump test.
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staircase, followed by the corre- |
sponding procedure with the in- .
- volved leg. The time was measured
in seconds and the difference be-
tween the uninvolved and involved
legs was recorded (Figure 3). |
Side Jump Test Two straight
parallel lines were drawn, each 6 m
long and 30 cm apart. Ten marks
were made on the outside of one line
at 60-cm intervals. Corresponding
markings were made on the other
line starting 30 cm from the base
line. The patients first jumped on
the uninvolved leg from mark 0
mark and then repeated the proce-
dure on the involved leg. The time
was measured in seconds, and the
difference between the two legs was
recorded (Figure 4)

Statistical Analysis

Factor analysis (5) is a multivar-
iate statistical method. The purf)ose-
of factor analytic techniques is to
summarize information contamed in
a number of original variables into a
smaller set of composxte dimensions
(factors) with a minimum loss of in-
formation. The method was usqd to

H
H

FIGURE 3. The stairs hopple test.
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HGUI}E 4, The side jump. test.

|

analyze the relationship among vari-
ables, functional tests, and to explain
theSe variables in terms of their com-

dimensions or factors. A factor
loaiing was determined for each
functional test for each factor. A fac-
tor joading represents the correla-
tion between the functional test and

" its factor. When the factors were

used in subsequent analyses (regres-
sxoﬂ and correlation analyses), a fac-
tori score was included to represent
thei newly derived variables. This
factor score is a composite of all the
original variables that were impor-
tant in determining the new factor.

| The Pearson correlanon coeffi-
cxem was used to assess the relation-
ship between the Lysholm score, the
thigh atrophy, the laxity test, and
thé two factor scores (factor 1, factor
2) derived from the factor analysis.

i A paired t-test was used to com-

p1i e data between the two limbs,
and two sample t-tests were used to
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evaluate gender differences. Differ-
ences were considered significant
when p < 0.05.

RESULTS

Lysholm Score, Tegner Activity Score, = ‘

: Thigh Atrophy, and Instability Tests

Eighty-one percent of the pa-
tients showed good or excellent re-
sults as evaluated by the Lysholm-
score. The mean score was 89.1 (x
10.4). All patients scored maximum " .

-on walking with full weight bearing,

and only one patient stated problems
with periodical limping. This patient

The results from the
one-leg tests showed a
significant difference
between involved and

uninvolved limb
for the triple jump
test and the stairs
hopple test

A T A 5 e b, Nrem s € e

was tested 8 months postoperatively
and had limited flexion and exten-
sion. Eighty-nine percent of the pa-
tients scored maximum on stair
climbing. Regarding the pain, insta-
bility, and swelling variables, 25.8%
had no symptoms. Fifty-five percent
experienced problems during stren-
uous activities, and 16.1% of these

- also had problems durmg dally ac-

tivities.

Mean values of the Tegncr activ-
ity score were 7.6 preoperatively and
6.1 postoperatively. This reduction
in activity level was significant (p <

.05). The circumference of the thigh

showed a

8.8 c).
The KT-1000 knce arthrometer

showed that six patients revealed an

mean value of 14.3 cm (=
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increased anterior dlsphccmcnl of
the ubia relative to the femur. Only
one of the six patients complained
about instability problems in the
Lysholm scotre during dthleuc activ-
ity or daily hfe. :

Functional Tests

The results from the oné-leg
tests showed a significant dlfference
between the involved and unin-
volved limb for the triple jump test
and the stairs hopple test, but not
for the side jump test (T able: 1). For

the side jump test, no difference was -

recorded by 37% of the panents,
whereas 55% performed equally or

‘better on the operated leg. Five re-

cordmgs were excluded because the

' patlents were not accurate in jump-

ing on each mark. This test was,
therefore, excluded in the factor
analysis.

One of the first steps in Lhe ap-
plication of factor analysis involves
the calculation of the correlation ma-
trix of the vaniables (5). Correlations

for the five remaining tests are
shown in Table 2. Relatively high
correlations were found between the
figure-of-eight test and the stairs-
running test (0.74), between the tri-
ple jump test and the figure-of-eight
test (0.64), and between the triple
jummp test and the stairs hopple test

(061).

The second step in the factor
analysxs is to identify a set of dimen-
siéns latent in the functional tests -
(5') Each of the tests is considered as
a dependem variable that is a func-

. tion of an underlying and hypotheti-

ca} set of factors. The factor analysis
summarized the information con-
mmed in the five tests into two fac-

" tors (factor 1 and factor 2) that re-

flected diverse functions.

' The third step is COﬂSldCI’an' and
interpreting the factor loadings
(Table 3). The vertical jump test, the
figure-of-eight test, and the stairs-
running test showed the highest fac-
tor loading on factor 1. The triple
jump test and the stairs hopple test
dﬁsclosed the hxghest factor loading

3 3 ot 530
* Mean and SD are given in cm for the mple jump test and in seconds for the stairs hopple test and the side -

jumg test.
1 Paired t-test.

TABLE 1. The performance data of the three one-leg hop tebts are provided for the uninvolved and the
involved leg. The significant d:fferences:, between-the two Jegs are indicated.
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Factor Loading - ;

*P<01.

TABLE 3. factor loading for the two factors {factor 1,

_factor 2) derived fromthe factor analysis of

functional knee tests: The correlation between the
observed value on each functional test and the
factors.

on factor 2. Thus, the two-leg tests
represent a common function, and
the one-leg tests represent another
function.

The last step in the analysis was
to establish an entirely new and_
smaller set of variables to replace the
original variables for inclusion in
subsequent correlation analysis. Each
patient was then represented by two
factor scores calculated according to
the factor loading given in Table 3.

~ These scores were used in the corre-

lation analysis (Table 4). The corre-
lation between the Lysholm score
and factor 1 was higher (0.62) than
the correlation between the Lysholm

score and factor 2 (0.43). Therefore,
the figure-of-eight test, the stairs-
running test, and the vertical jump
test were more related to the Lysh-
olm score than the other tests. Insta-
‘bility was highly correlated to factor
2. Thus, the triple jump test and the
stairs hopple test were correlated to
the degree of instability produced
from the KT-1000 knee arthrome-
ter. Also, atrophy was better re-

TABLE 4. Pearson correlation coefficients {and, in
parentheses, p values) between factor scores and the
Lysholm score, instability, and atrophy in patients
with anterior cruciate ligament repair. Two factor
scores {one for factor 1 and one for factor 2) are
calculated for each patient based on the rotated
factor loading given in Table 3. Significance level =
p<005.
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flected by the triple jump test and
the stairs hopple test than the other
three tests (Table 4). :
No gender difference was found
in the performance of the ﬁgure-of
eight test, the staxrs—runnmg test, the

triple jump test, or in the stairs hop— ’

ple test. However, a significant gen-
der difference was evident on. the
. vertical jump test.

DISCUSSION

Strenuous activities do imposé
other types of stress on ligaments |
 than those imposed by clinical laxnty
tests (13). Noyes et al showed that

‘strenuous activities may easily exert o

five times greater forces than laxxty
testing (13). Noyes et al also re-
ported increase in frequency of pain,
swelling, and “giving away” as the ac-
tivity level increased (14,15). The;
functional tests should be sensitive to
the functional demands of an ath-i
lete. Therefore, running, jumping,
and twisting activities must be in- ;
cluded in the clinical exammatlons of
the patients to enable true assess- !
ment of the knee function. Func- |
tional tests may, however, be influ-
enced by motivation and leaming’

- factors, and the tests require space.

The Lysholm score showed hlgh
functional performance, even |
though 55% had problems durmg
strenuous activities. This was also |
emphasized by the significant reduc-
tion in strenuous knee activities re-
corded by the Tegner score. If the
aim of rehabilitation is to enable pa-
tients to resume strenuous activities
at their preinjured level, the Lysh:
olm score did not seem to meet these
requirements. The Lysholm score!
should, therefore, preferably be used
in the early period of rehabilitation,
not as an assessment of knee func-
tion after the patients have resumed
sports activities.

The correlations between thlgh
atrophy and the different tests were
low, but measuring the circumfer-;
ence of the thigh may be an inaccu-
rate measure for muscle strength. :

216

According to Lopresti et al (9), thigh
circumference is inaccurate as a ten-
tative Eneasuring method for muscle
strength On the other hand, Kan-

nus et al (7) found a significant cor- -

relation between thigh circumfer-
ence deﬁcxt and strength score re-
corded by an isokinetic dyna-
mometer.

The results showed that the
funcuona] tests could be categorized
into twp different functions, refer-
ring tojthe two dimensions or factors
denved from the analysis. One func-

tion could be labeled “daily life”

functian (Factor 1) and the other
could be labeled strenddx/stablhty"
function (factor 2). It is valuable to

. apply ti:sts that quanutauvely assess

functional disabilities both in the
early and late postoperative phases.
The aim of the early phase of reha-
bxhtanon is to bring the patient back
to “dady life” function. After 3
months the ﬁgure-of-exght test and

~ the stairs-running test would provide |

a quantitative assessment of “daily
life” function. The next step in the
rehabilitation program is to reestab-
lish preinjury sports-related func-
tions. §ix months after the opera-
tion, the patient should be able to
perform the triple jump test and the

stairs hopple test, which provide an
‘assessment of functional stability of

the involved leg (strength/stability
function). = . o

The factor analysis also seemed
to discriminate between one-leg and
two-legitests. One-leg tests are im-
practical early in the rehabilitation
program. The correlation between
two-leg tests and the Lysholm score .
emphasized the tests’ usefulness in
evaluating daily-life activities. Fur-

ther stydies are necessary to establish

which functional test in each cate-
gory shows the highest reliability and
validity
In the present study, the figure-
of-eight and the stairs-running tests
were not influenced by gender. In
contrast, the vertical jump test
showedia significant gender differ-
ence. According to Barber (3) et al,

‘neither dominant side, activity level,

nor gender affected the results of
their functional tests. Some of their
tests were similar to those included

- in this study (three one-leg tests and -

two two-leg tests).

SUMMARY

Functional tests should be cate--
gorized according to functional de-

mands during the rehabilitation pro-

gram. The two-leg tests, figure-of-

eight test, and the stairs-running test
_were correlated to the daily life func-

tion. The one-leg tests, the triple
jump test, and the new stairs hopple -
test were highly correlated to knee
instability. The Lysholm functional
score results were not associated

with performance problems during
strenuous activities. © - JOSPT
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