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raditionally, evaluation

following anterior cruci-

ate ligament (ACL) re-

construction has focused

on physical characteris-
tics and measurements of knee stabil-
ity, such as strength, laxity, and range
of motion (26,27,29). Open kinetic
chain evaluation has been used as
the primary tool to assess a pa-
tient’s strength, readiness to pro-
ceed to a higher functional level,
and return to sports (26,27). Re-
cently, reliance on such criteria has
been refuted based on the lack of a
strong relationship between the re-
sults of these measurements and the
patient’s perception of knee func-
tion (11) or readiness to return to
sports (16). As a result, tests which
are more specific to functional ca-
pacity have been designed.

Closed kinetic chain activities
have been developed for patients as
an alternative to evaluate strength
and to determine the suitability of
progress to a higher functional level
(1,28). These activities or functional
tests should be considered in the
clinical examination of the patient
for accurate assessment of knee func-
tion. Quantitative assessment using
the hop tests for distance, with com-
parisons between the uninvolved and
the involved leg, has been recom-
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Isokinetic measurements and functional tests are often used to assess function following
knee ligament reconstruction using the opposite limb as a control. However, the question of
whether the uninvolved leg may serve as a reference on functional tests has not been adequately
answered. In particular, the one-legged rebound vertical jump has not been used to assess
functional levels following surgery of the cruciate ligament. The purposes of this study were: 1) to
determine whether the uninvolved leg is within normal range of an age- and weight-matched
group, 2) to determine differences between the involved and uninvolved leg in patients after
anterior cruciate ligament reconstruction, 3) to examine the relationship between knee extensor
strength and four functional performance tests, and 4) to determine if the one-legged rebound
vertical jump yields more information in the assessment of knee function than the other functional
tests with respect to two time-frames. Fifty healthy subjects (group A, mean age = 28.1 years) and
55 anterior cruciate ligament patients (groups B and C) participated in dynamometric measurement,
one-legged and two-legged vertical jump, and the single- and the triple-hop test. Mean time for
testing was 13 weeks following surgery for group B (N = 30, mean age = 27.8 years) and 54
weeks following surgery for group C (N = 25, mean age = 29.9 years). Pearson product
moment correlation coefficients between peak torque and single and triple hop were r = .45,
r=.48 r= .51, and r = .55 for groups B and C, respectively. Pearson product moment
correlation coefficients between peak torque and the height of the vertical jump was r = .51
for group C. Results for group A revealed limb symmetry indices of 95% or more on all
functional performance and isokinetic tests. In group B, all patients showed a limb symmetry
index of less than 85% on all tests. In group C, the index for the vertical jump was the only
functional test that fell below the level of 85%. Regardless of whether the dominant or
nondominant leg is involved, the uninvolved leg can be used adequately as a reference guide
for outcome from rehabilitation using these measurements. The one-legged vertical jump test is
capable of detecting functional limitations of the lower limb following knee ligament
reconstruction up to 54 weeks postoperatively.
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mended as a useful method to evalu-
ate functional limitations (3,17).

The hop test, developed by
Daniel et al (6), was designed to as-
sess both strength and confidence in
the involved leg. Various one-legged
tests for distance (3,20,30), two-
legged tests, including the figure-of-
eight test (23,30), the stair-running
test (23,30), the carioca test (17),
and the vertical jump (1,3) have also
been established as measurements of
the return to a functional level and
the patient’s perception of knee
function (20,23). Patients with inade-
quate one-legged hop test indices
were considered at an increased risk
for giving way during functional activ-
ities (3,20,32). The two-legged tests
provide a quantitative assessment of a
“daily life” function (23), and the
one-legged tests provide assessment
of functional stability (strength/sta-
bility) of the involved leg (23). The
one-legged hop tests for distance
have been established as valid and
reliable measurements (3,9,12,20,30).

Several authors have studied the
reliability of the one-legged and two-
legged vertical jump (3,5,19,24,33).
The findings of Barber et al (3) and
Risberg et al (24) did not support
the reliability of the one-legged and
two-legged vertical jump test. They
found that a large percentage of nor-
mal subjects scored outside of the
normal limb symmetry range, and
that a significant difference existed
between test and retest for the verti-
cal jump. They stated that the vertical
jump did not detect functional limita-
tion in a reliable manner.

In contrast, some authors do sup-
port the reliability of the one-legged
(19) and two-legged (5,33) vertical
jump in healthy subjects when using
a contact mattress (5,33) or a Kistler
platform (19). Evaluation of two-
legged tests also implies measure-
ments of the uninvolved leg that may
affect the test result.

Therefore, we are introducing a
new test protocol consisting of one-
legged vertical jumps measured over
10 seconds using a contact mattress
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interfaced to a computer called
“Jumpergometer”. Up to now, there
have been no investigations on pa-
tients using the rebound one-legged
vertical jump with maximal jump fre-
quency on the Jumpergometer. Maxi-
mum jump frequency means as many
jumps/minute as possible.

The purposes of this study with
ACL patients were: 1) to determine if
the uninvolved leg may be assumed
to be within a normal healthy range
and may further be used as a refer-
ence for the purpose of making com-
parisons with respect to isokinetic
measurement, the hop tests for dis-
tance, and the one-legged vertical
jump test; 2) to determine differ-
ences between the involved and unin-
volved leg in patients after ACL re-
construction; 3) to determine the
relationship between peak torque of
the quadriceps muscle and the one-
legged hop tests for distance and the
one-legged vertical jump test and to
determine the relationship between
the one-legged and two-legged verti-
cal jump tests; and 4) to determine if
the one-legged rebound vertical jump
yields more information in the assess-
ment of knee function than the other
functional tests with respect to two
time frames following ACL recon-
struction.

Hypotheses

Altogether, we had five hypothe-
ses: we hypothesized that the unin-
volved leg would measure in the nor-
mal range, regardless of dominance,
with respect to peak torque (4), hop
tests for distance, and the one-legged
vertical jump test, and that the unin-
volved leg can be used as a control.

As suggested by the literature
(3,6,20), we hypothesized that the
vertical jump test would produce sim-
ilar results with regard to the limb
symmetry index as well as for the hop
test for distance, and that a limb sym-
metry index of 85% or greater would
be within the normal range.

We further hypothesized that the
one-legged vertical jump test would

have the lowest sensitivity rate in de-
tecting lower limb limitations (3,20),
but that the one-legged vertical jump
would be highly reliable (5,33).

The fourth hypothesis was that
the contact time (landing and single-
leg standing on the mattress) of the
one-legged vertical jump on the in-
volved leg would remain inadequate
(less than 85% of the value of the
uninvolved leg) for a longer amount
of time than the height of the jump
would remain inadequate (37).

Our last hypothesis was that
there would be a correlation between
the height of the one-legged vertical
Jjump and peak torque performed at
a slow speed (9,20,35).

MATERIALS AND METHODS

Subjects

Fifty healthy males with no prior
history of knee injury (group A,
mean age = 28.1 * 6.4 years, mean
height = 180.3 * 4.9 cm, mean
weight = 79.3 * 6.9 kg) and 55
males with ACL reconstruction
(group B, N = 30, mean age =
27.8 £ 9.0 years, mean height =
176.0 = 6.9 cm, mean weight =
78.1 = 11.6 kg, and group C, N =
25, mean age = 29.9 * 5.8 years,
mean height = 176.4 = 6.9 cm,
mean weight = 73.1 + 8.7 kg) partic-
ipated in the study.

To be included in the study, sub-
jects (group A) had to meet the fol-
lowing criteria: only occasional exer-
cise and no regular strength or
endurance training and no prior his-
tory of pain, injury, or surgery to ei-
ther hip, knee, or ankle. Persons who
performed vigorous exercise one to
two times/week or more were ex-
cluded. Leg dominance was assessed
by asking the subject to kick a soccer
ball twice which was rolling toward
them (9). Eighty-eight percent were
right-leg dominant.

The 55 patients in groups B and
C had similar surgical ACL recon-
struction procedures using an au-
tograft with the middle third of the
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patella tendon. All underwent a simi-
lar postoperative rehabilitation pro-
gram. The mean follow-up period
was 12.9 = 3.0 weeks for group B
and 53.9 * 13.2 weeks for group C.
Patients were seen at that time be-
cause 16 weeks after surgery, the re-
habilitation program is generally con-
cluded and patients returned for
clinical evaluation at a minimum of 9
month postoperatively. In 88% of the
patients, the right leg was dominant
and in 12% the left leg was domi-
nant. Sixty-three percent had surgery
of the right leg and 37% had surgery
of the left leg. To be included in the
study, patients had to meet the fol-
lowing criteria: no pain, no joint effu-
sion, range of motion = 0-110°, and
they could unilaterally mini-squat
with a knee angle of 30° in the in-
volved leg. The subjects had no prior
knee surgery and no evidence of liga-
ment injury in the opposite knee.
Postoperatively, all patients were fit-
ted with a brace (Don Joy, Carlsbad,
CA) for 6 weeks. The range of mo-
tion was set at 0—60° for 2 weeks and
0-100° thereafter. Increased weight
bearing as tolerated was permitted
from the eighth day onward and fuil
weight bearing from the 14th day
onward.

Rehabilitation began on the day
after surgery with passive, active-as-
sisted, and active motion without re-
sistance in the brace. All patients un-
derwent an accelerated intensified
rehabilitation program (28,32) from
the second day postoperatively. Main-
taining full knee extension and active
quadriceps control was the first goal.
Two weeks after surgery, we began
with a program developed by Tippett
and Voight (32). Their functional
program of rehabilitation places pri-
mary importance on the three Cs:
carriage, confidence, and control.
The ability to shift weight, the ability
to stand on one foot, and symmetry
of movement are indicators of car-
riage. Confidence is indicated by the
speed and deliberateness with which
a skill is performed. Control is exem-
plified by precise performance of a
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given task which the patient no
longer needs to think about in order
to perform. Besides leg press exer-
cises and exercises on the balance
board, patients performed bilateral
mini-squats with a range of 0-30°. In
the final stages, patients also perform
hopping and running, which facili-
tate feedback from the mechanore-
ceptors located in proximal and dis-
tal joint structures (32,38).

Instrumentation

Vertical jump The Jumpergome-
ter (Fitronic, Bratislava) measures
contact and flight times during re-
bound jumps by means of the special
contact mattress interfaced to a com-
puter. The measuring equipment
consisted of a platform which func-
tioned as the contact switch of an
electric circuit. A computer permit-
ted recording of the contact and
flight time of every single jump. Us-
ing these data, the system calculates
the height of a jump, mean accelera-
tion during active phase of take-off,
mean power in the active phase of
take-off, velocity in the final moment
of take-off, and mean power during
the entire jump cycle (33). The test
protocol used is a modification of the
two-legged vertical jump test de-
scribed by Tkac et al (33). All partici-
pants had to perform three 10-
second jumping trials and were in-
structed to jump as high as possible
and to keep contact with the plat-
form as short as possible, as if it were
a hot plate. Participants had to stand
on one leg/two legs and perform
vertical jumps and were required to
land on the same leg/both legs. They
were instructed to keep both hands
on their hips to eliminate their use
in generating momentum. The posi-
tion of the upper body was also stan-
dardized (15), so that a minimum of
flexion and extension of the trunk
occurred. Thus, it is believed that the
leg extensors were the main contribu-
tors to the performance in the jumps.
A 2-minute recovery phase was in-
serted between the test series. Height
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in centimeters, contact time (sec-
onds), and frequency (jumps/
minute) were determined for the
one-legged and two-legged vertical
jump tests using the Jumpergometer.
The best trial was used for data analy-
sis. The parameters are expressed as
means of the three highest values of
the best trial. The best trial was used
because the closest test-retest correla-
tion is described by Tkac et al (33)
between means of three maximum
values.

Hop tests for distance 'Two one-
legged functional tests, the single
hop and the triple hop, were assessed
for distance (cm) (9,23). Participants
stood on one leg and performed one
hop or three hops as far as possible
along a straight line, landing on the
same foot. They were instructed to
keep both hands behind their backs
to eliminate their use in generating
momentum. This test was performed
three times, and the average of the
three values was calculated.

Dynamometric measurement  Test-
ing of the quadriceps muscle was per-
formed at a velocity of 15°/sec in a
concentric isokinetic mode on the
Cybex 6000 (Brady, Vienna, Austria)
in a seated position. We used a slow
speed because in the literature (20)
the best correlation between limb
symmetry indices on peak torque and
on functional tests was found at slow
speeds. A 4minute warm-up period
on the cycle ergometer, Dynavit
Meditronic 40 (Siemens, Vienna, Aus-
tria), at the level of one W/kg body
weight at 70-80 rpm was performed
prior to the test. After three warm-up
repetitions at an intermediate speed
(90°/sec), each participant per-
formed three submaximal test trials
(15°/sec) to get accustomed to the
measuring procedure. Following a
2-minute rest period, three maximal
concentric extensions were per-
formed. Torque for angles between
20° and 100° were registered. Peak
torque from this range of motion was
taken as a criterion for the strength
of the knee extensor muscles. The
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test series for the left and right ex-
tremities were separated by a 15-
minute recovery period.

To obtain the limb symmetry in-
dex for the one-legged vertical jump,
the single hop, the triple hop, and
the peak torque, the mean of the
involved limb was divided by the
mean of the uninvolved limb, and
the result was multiplied by 100. A
limb symmetry index of less than
85% was considered inadequate for
the vertical jump and for the hop
tests for distance (3,6,20), and a limb
symmetry index of less than 90% was
considered inadequate for peak
torque (2,4,14,16,21,25).

Procedure

In order to examine the reliabil-
ity of the one-legged vertical jump on
the Jumpergometer, group A was
evaluated twice (test-retest) at a 72-
hour interval. Attempts were made to
retest each subject at the same time
of day as their initial test. We fol-
lowed the same procedure for testing
that is described for vertical jump in
this study. An intraclass correlation
coefficient (ICC 2,1) was used to ex-
amine the reliability of the measure-
ments of the jumping frequency, the
contact time, and the jumping height
obtained on two different days. The
ICC for between-day comparisons for
all measurements was above .89. The
ICC values indicated that the mea-
surements obtained in this study were
reliable.

On three consecutive days prior
to testing, all participants received
instructions for the jump tests and
were able to familiarize themselves
with the protocol and practice under
the direct supervision of a physical
therapist. The test was carried out on
the second day following the last set
of instructions. All data for each par-
ticipant were collected by the same
physician. Variables included results
of the one-legged and two-legged ver-
tical jump, the single- and the triple-
hop test, and the dynamometric mea-
surement. The hop tests and the

26

isokinetic test were separated by at
least 48 hours of rest. The leg to be
tested first was randomized as well as
the order of testing. On the first day
before testing, all patients filled in
the Lysholm score (18) in order to
record their self-assessment of param-
eters of limping, weight bearing, stair
climbing, squatting, instability, pain,
swelling, and locking. Maximum
score was 100. Scores below 68 were
considered poor; from 68-76, fair;
from 77-90, good; and above 90, ex-
cellent (23). Prior to any testing, in-
formed consent forms were signed by
all participants.

Statistical Analysis

Statistical analysis conducted on
Statgraphics (Version 5, Statistical
Graphics Corporation) included
mean values *1 standard deviation,
Wilcoxon’s rank-sum test for paired
samples, and Pearson product mo-
ment correlations. The level of signif-
icance was set at p < 0.05 for all sta-
tistical analysis. A binary table (20)
was used to determine the specificity,
the sensitivity, false-negative, and
false-positive rates for the hop tests
for distance, the vertical jump, and
isokinetic testing.

RESULTS

The Wilcoxon test showed no
significant differences among the
groups concerning age, height, and
weight. Results for group A (Table 1)
revealed no significant differences
between the dominant and nondomi-
nant leg on any of the tests. There
were no significant differences for
the uninvolved leg between group B
and C and both legs in group A on
any of the tests. There were signifi-
cant differences between groups B
and C on the involved leg with re-
spect to the follow-up period (p <
0.0001), Lysholm score (p < 0.0001),
functional tests (p < 0.0001), and
dynamometric measurement (p <
0.0001) (Table 1). Results in group B
indicate that a significant difference

existed between the involved and un-
involved leg on all functional perfor-
mance (p < 0.0001) and isokinetic
tests (p < 0.0001). Results in group C
revealed significant differences be-
tween the involved and uninvolved
leg on isokinetic tests (p < 0.02), on
vertical jump for height (p <
0.0001), and on the single- (p <
0.008) and triple-hop test (p < 0.05)
for distance. Pearson product mo-
ment correlations between peak
torque and six variables are given in
Table 2. In addition, there was a cor-
relation between the one-legged and
two-legged vertical jump in groups A
(p < 0.001, r = .6932), B (p < 0.001,
r=.7149), and C (p < 0.001, r =
.7351). The height of the one-legged
vertical jump was found to be 50% of
the two-legged vertical jump in group
A. The height of the two-legged verti-
cal jump was the sum of the one-
legged jump height of the involved
and uninvolved leg. The limb symme-
try indices are outlined in Table 3.
Table 4 shows the specificity, the sen-
sitivity, false-negative, and false-posi-
tive rates for the hop tests for dis-
tance, the vertical jump, and
isokinetic testing.

DISCUSSION

Results revealed that the peak
torque of the extensor muscles of
both legs in healthy men (group A)
and the peak torque of the unin-
volved leg in patients (groups B and
C) is within normal healthy range
(4). The results indicate that the un-
involved leg, regardless of domi-
nance, can serve as a control when
using dynamometric measurement in
patients following knee ligament re-
construction. In our study, the dis-
tance of hopping in the uninvolved
leg, regardless of dominance, in
groups B and C did not differ from
the distance of hopping in healthy
men (group A). This suggests that
the uninvolved leg may be used for
reference when using hop tests for
distance.
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*p < 0.05 indicates a significant difference between groups B and C.
NS = Nt significant; Dom = Dominant leg; Non-dom = Non-dominant leg; OL = One-legged; TL = Two-legged; V| = Vertical jump; h = Height of a jump; tc = Contact
time; fr = Frequency (jumps/minute); SH = Single hop; TH = Triple hop; PT = Peak torque.

TABLE 1. Mean values of variables.

Presently, normative data exist
for the two-legged vertical jump (10)
but not for the one-legged vertical
jump. Therefore, we used the healthy
males as a control group to deter-
mine if the uninvolved leg was within
the normal range in groups B and C.
This was found to be the case.

*p < 0.05 indicates a significant correlation.
Group B = Patients’ follow-up period 13 weeks.
Group C = Patients’ follow-up period 54 weeks.

TABLE 2. Pearson product moment correlations
between peak torque and six variables of the
involved leg.
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Hence, we concluded that the unin-
volved leg also can be used for refer-
ence when using the vertical jump in
patients following knee ligament re-
construction. From these findings, we
conclude, regardless of the leg in-
jured, the uninvolved leg can be
used as an outcome standard from
rehabilitation. But, in accordance
with Elliot (7), we suggest that if
the uninvolved leg has a history of
injury or surgery, the uninvolved

leg can be used as a reference only
with caution. The values of the un-
involved leg may either be lower as
a result of decreased physical activ-
ity due to generalized immobility
(7) or higher because of increased
loading if the body weight is shifted
to the uninvolved leg for a long
time (22). In this case, standard
values relative to age and gender
are necessary for a meaningful in-
terpretation of these tests.

Limb symmetry indices (LSI) on vertical jump (V}), single hop (SH), triple hop (TH), and peak torque (PT). For

side-to-side comparison, deficits were expressed as a percentage of the results of the involved and uninvolved
sides for patients (group B = 13 weeks and group C = 54 weeks following surgery) and as a percentage of the
results of the nondominant and dominant sides for the control group (group A).

TABLE 3. Mean values of variables.
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TABLE 4. Specificity, sensitivity, false-negative, and false-positive rates for the vertical jump, hop tests for
distance, and the isokinetic testing. Results are percent of study population [group B (N = 30), group C
(N =25)].

Results supported the hypothesis
that the vertical jump test would pro-
duce similar results for the limb sym-
metry indices as the hop test did for
distance, and that a limb symmetry
index of 85% or greater would be
within the normal range. Group A
demonstrated that limb symmetry of
equal to or greater than 90% was
normal on all tests. In agreement
with the literature, a limb symmetry
index of less than 90% was consid-
ered inadequate for peak torque
(2,4,14,16,21,25), and a limb symme-
try index of less than 85% was con-
sidered inadequate for the hop test
for distance (3,6,20).

All patients in group B and 64%
of the patients in group C had an
inadequate peak torque limb symme-
try index (Table 3). This supports
the findings of other authors (16,28,
31) who demonstrated that regaining
quadriceps muscle strength after pa-
tellar tendon autograft reconstruction
may take 1-2 years. Our findings do
not support those of Shelbourne and
Foulk (27), who reported that 50%
of the patients had achieved 80%
quadriceps muscle strength 4 months
postoperatively. The differences be-
tween the two studies may be related
to a faster velocity (180°/sec) used by
Shelbourne and Foulk.

Isokinetic strength testing alone
may provide insufficient data for the
assessment of a patient’s functional
level. Several authors (9,17) previ-
ously stated that dynamic functional
capacity cannot be ascertained from
isokinetic strength performance.
Since we know that the functions of
standing, walking, and running are
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governed by the biomechanics of a
closed kinetic chain, isolated muscle
testing does not give enough infor-
mation on a patient’s functional abil-
ity.

Hop testing appears to be valu-
able as a general screening assess-
ment. For group B, almost all of the
patients had an inadequate limb sym-
metry index on the single hop and
triple hop for distance, but in group
C only 28% of the patients had an
inadequate limb symmetry index on
the single hop and 16% on the triple
hop (Table 3). Thus, the hop test for
distance had returned to normal in
approximately 75% of the patients
between week 13 and week 54. More
than 1 year was needed before all
patients had returned to adequate
limb symmetry indices on the hop
tests for distance after ACL recon-
struction. Our study supports previ-
ous findings (16,23) which found a
limb symmetry index for the hop test
for distance within the normal range
only 18 months after surgery. Aside
from the horizontal jump test, the
vertical jump test was found to be a
good tool to develop standards for
the evaluation of lower extremity
strength and power and to assess a
functional profile (9).

According to the literature
(3,20), the one-legged rebound verti-
cal jump test would have the lowest
sensitivity rate in detecting lower
limb limitations. The results of our
study do not confirm this finding. All
patients in group B and 72% in
group C had an inadequate limb sym-
metry index on vertical jump (Table
3). Considering that 54 weeks after

surgery 28% of the patients had an
inadequate limb symmetry index for
single hop and 16% had an inade-
quate limb symmetry index for triple
hop, the one-legged vertical jump
had a greater number of abnormal
cases than the hop tests for distance.
Therefore, we concluded that the
one-legged vertical jump is sensitive
enough to detect functional limita-
tions of the lower limb following
knee ligament reconstruction even
greater than 54 weeks after surgery
(Table 4). As already mentioned, this
is in contrast to our hypothesis which
was based on the findings of Noyes et
al (20), who stated that vertical jump
tests had the lowest sensitivity rates in
detecting lower limb limitations, and

The one-legged
vertical jump is
sensitive enough to
detect functional
limitations of the
lower limb following
knee ligament
reconstruction.

to the findings of Barber et al (3),
who found a large percentage of nor-
mal subjects scored outside the nor-
mal limb symmetry range for the ver-
tical jump test. This may be due to
the different test protocols which are
used in the various studies to evalu-
ate the height of the jump. When
measuring vertical height, the start-
ing position must be repeatable as
well as the method of measuring the
height of a jump. Varied starting po-
sitions, especially the positions of
knee flexion and the position of the
arms, may influence the result. Nor-
mally, the patient performs only two
jumps and the mean is calculated.
According to Tippett and Voight
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(32), a test-retest protocol has to be
accurate and consistent. In our opin-
ion, this can only be guaranteed by
using a computer-interfaced system
(19,32).

The sensitivity of the vertical
jump decreases, however, when both
legs are used. Therefore, it is better
to perform the vertical jump on one
leg. For the two-legged jump, patients
may compensate with the uninvolved
leg, and this may affect the test re-
sult. Therefore, standard values are
necessary for meaningful interpreta-
tion of the test results of the two-
legged vertical jump. Furthermore,
the findings of Risberg et al (24) and
Barber et al (3) do not support the
reliability of the vertical jump. Unfor-
tunately, there are different methods
in the literature used to perform the
vertical jump (3,8,15,19,24,32), and
often the test description is inaccu-
rate.

The Jumpergometer is a device
for the accurate recording of vertical
jump performance. Among other
methods of vertical jump testing,
Bosco et al (5) described a test based
on repeated rebound vertical jumps.
This test, which lasted 60 seconds,
used a frequency of 60 jumps per
minute. The reliability stated by the
author was r = .95. However, an in-
vestigation of the test-retest correla-
tion by Tkac et al (33) at different
frequencies of jumps demonstrated a
low reliability of measurement at fre-
quencies of 60 (r = .55) and 80 (r =
.83) per minute. A modified protocol
described by Tkac et al (33) demon-
strated a reliability of »r = .88 when
jumping with a maximal frequency
(jumps/minute). In our study, the
ICC for between-day comparisons on
the one-legged vertical jump was
above .89, which indicated good reli-
ability. The results in pretests (test-
retest) on healthy subjects showed
that the height of the two-legged ver-
tical jump is the sum of the jump
height of both legs. In the patients,
the height of the two-legged vertical
jump is also the sum of the height of
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both legs (involved and uninvolved).
Estimation of the two-legged jump
height minus the height of the one-
legged jump with the uninvolved leg
yvields the height of the jump in the
involved leg. This is important in the
early rehabilitation phase if patients
are not allowed to perform one-
legged vertical jumps or they simply
refuse to use the involved leg for sim-
ple exercises.

The vertical jump provides an
assessment of strength, power, and
the patient’s willingness to accept
weight on the affected leg (32). To
control normal physiologic loads dur-
ing vertical jumps, agonist, antago-
nist, and synergistic muscle groups
have to be activated. The dynamic
stabilization process needs a co-con-
traction about the joint in as short a
time as possible. The assessment of
lower limb function encompasses
many variables that may affect the
test results, including neuromuscular
coordination, strength, and confi-
dence in the involved leg (34). Apart
from the significantly lower height of
the jumps of the involved leg in
groups B and C, the results revealed
a dramatically longer contact time
and a higher frequency of jumps per
minute for group B but not for
group C. We attribute the contact
time to dynamic stabilization (37).
This indicated that not only the
strength of jumping as demonstrated
by the lower height of a jump may be
affected but also the dynamic stabili-
zation of the joint. The contact time
at the b4-week follow-up was no
longer significantly different between
the involved and uninvolved leg, but
the significant difference in the jump
height remained. The improvement
of the contact time may be attributed
to the accelerated intensified rehabil-
itation program which began 2 weeks
postoperatively and was designed to
restore functional stability about the
joint. The increased similarity over
time of the contact times between
the involved leg and the uninvolved
leg is indicative of an improved dy-

namic stabilization. However, we
might attribute the differences in the
heights of the jumps to impaired
strength. This statement is supported
by our last hypothesis that there is a
significant correlation between the
peak torque and the height of a
jump on one-legged vertical jump in
group C. Thus, during rehabilitation,
the parameter’s height of a jump and
contact time may help to determine
whether stabilization or strength of
jumping or both are impaired.

Several studies (3,9,16) examin-
ing the relationship between knee
extensor strength and functional per-
formance found a low correlation
between isokinetic testing and func-
tional tests but no significant correla-
tion between isokinetic testing and
vertical jump. Results of other investi-
gations (13,36) demonstrated signifi-
cant positive correlations between
kinetic parameters of the active mus-
cle groups (knee extensors) and
jumping height. A positive correla-
tion between the jump height on ver-
tical jump and the peak torque of
the quadriceps muscle in male physi-
cal education students is reported by
Jaric et al (13). This report is con-
firmed by our study, which showed a
correlation between peak torque and
jumping height on the vertical jump
in groups A and C. The study by Jaric
et al substantiates our findings that
the height of the vertical jump can
be attributed to the strength of the
extensor muscles.

Clinical Relevance

1) Regardless of whether the
dominant or nondominant leg is in-
volved, the uninvolved leg can be
used adequately as a reference guide
for functional outcome measures in
rehabilitation; 2) The one-legged ver-
tical jump is sensitive enough to de-
tect functional limitations of the
lower limb following knee ligament
reconstruction even longer than 54
weeks after surgery; 3) If patients, in
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the early phase of their rehabilita-
tion, are not allowed to perform
one-legged vertical jumps or they
simply refuse to use the involved leg,
the height of the involved leg can
be calculated: Height;, oived 1eg =
Heighttwo-legged - Height’uninvolved leg
to assess functional limitation; and
4) By measuring the parameters of
jump height and contact time over
the course of rehabilitation, it might
be possible to determine whether
stabilization, strength, or both are
still impaired.

SUMMARY

Based on our findings, the unin-
volved leg is in normal range, regard-
less of dominance, and can be used
as a control for the hop tests for dis-
tance, the one-legged vertical jump
test, and the isokinetic strength test.
The vertical jump test produces simi-
lar results for the limb symmetry in-
dex as the hop test for distance, and
a limb symmetry index of 85% or
greater is within the normal range.
The one-legged vertical jump is
highly reliable. There is a correlation
between the height of the one-legged
vertical jump and peak torque per-
formed at a slow speed. In contrast to
our hypotheses, the one-legged re-
bound vertical jump test has the
highest sensitivity rate in detecting
lower limb limitations, and the con-
tact time of the one-legged vertical
jump on the involved leg does not
remain inadequate for a longer time
than the height of a jump. Based on
our finding that 1 year after surgery,
out of all functional tests, only the
index for the vertical jump was less
than 85%, we recommend that the
one-legged rebound vertical jump
test be used to assess a functional
profile. The results of our study un-
derscore that the one-legged re-
bound vertical jump yields more in-
formation in the assessment of knee
function than the other functional
tests, even more than 54 weeks after

surgery.
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