Lower-Extremity Compensations
Following Anterior Cruciate Ligament

Research Report

Reconstruction

Background and Purpose. Several studies have demonstrated that
patients with knee injury scored within a normal range during one-
legged hop tests yet showed quadriceps femoris muscle weakness with
non-weight-bearing isokinetic testing. This study evaluated lower-
extremity kinetics while subjects performed a single-leg vertical jump
(V]) and a lateral step-up (LSU) in an attempt to explain this
phenomenon. Subjects and Methods. Using a motion analysis and
force platform system, hip, knee, and ankle extension moments of 20
subjects with anterior cruciate ligament (ACL) reconstructions and 20
matched subjects were measured while they performed an LSU and a
VJ]. Results. An analysis of variance revealed that the knee extension
moment of the ACL-reconstructed extremity was lower than that of the
uninjured and matched extremities during the LSU, V] take-off, and V]
landing. However, there was no difference in summated extension
moment (hip + knee + ankle) among extremities during the LSU and
V] take-off. The summated extension moment of the ACL-
reconstructed extremity during VJ landing was less than that of the
uninvolved and matched extremities. Conclusions and Discussion.
These results suggest that the hip or ankle extensors may compensate
for the knee extension moment deficit. The decrease in summated
extension moment in the ACL-reconstructed extremity during V]
landing represents inadequate attenuation of landing forces, which
may expose the skeleton and joint structures to injury. [Ernst GP,
Saliba E, Diduch DR, etal. Lower-extremity compensations following
anterior cruciate ligament reconstruction. Phys Ther. 2000;80:251~
260.]
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he anterior cruciate ligament (ACL) is the most

commonly injured ligament in the knee.' Injury

to the ACL results in pain, instability, and

difficulty with recreational and athletic activi-
ties. In the preferred method of surgical reconstruction
of the ACL, the middle one third of the patellar tendon
is taken from the patient’s injured knee and placed at
the anatomic location that the native ACL occupied
prior to injury.” Surgical reconstruction of the ACL
improves the mechanical stability of the knee to allow
the individual to return to an active lifestyle. The added
stability may also prevent progressive knee joint laxity
and degenerative changes that often occur with instabil-
ity.>” In the late 1980s, the use of the arthroscope and
improved fixation methods combined with early and
aggressive rehabilitation protocols resulted in improved
outcomes in people with ACL reconstructions.® " How-
ever, quadriceps femoris muscle weakness and knee
extensor dysfunction frequently occur.''~'?

Tests such as the vertical jump (V]), hop for distance,
and timed hop are used to provide an assessment of
overall function of patients following knee injury or
surgery. However, these tests do not allow the assessment
of isolated knee extensor function during these weight-
bearing activities. In the V], for example, the function of
the knee extensor mechanism is assessed, but the move-
ment also requires use of the hip extensors and ankle
plantar flexors. Thus, we believe that an individual may
attain a high score due to strong hip and ankle muscles
rather due to than strong knee extensors. Therefore,
reliance on tests involving movement may not effectively

assess the knee extensor mechanism. A normal test, in
our opinion, may occur even when quadriceps femoris
muscle weakness exists. This apparent discrepancy is
supported by the results of several studies in which
patients with injured knees were able to score within
85% of the uninvolved extremity in single-leg hop tests
yet have quadriceps femoris muscle weakness as mea-
sured in a non-weight-bearing position with an isoki-
netic device.**™ Wilk et al** reported that 50% of
subjects 6 months after ACL reconstruction scored
within the normal range (85% of the uninvolved extrem-
ity) for single-legged hop tests and only 7% scored
within the normal range (within 90% of the uninvolved
extremity) in gravity-corrected quadriceps femoris mus-
cle isokinetic strength tests at 180° and 300°/s.

Researchers have used kinetic and kinematic analyses in
an attempt to assess lower-extremity joint function while
subjects performed functional activities such as walking
or climbing stairs.***® Kinetic studies of the knee some-
times use the internal knee extension moment as the
variable of interest.***® The internal knee extension
moment is the torque produced by the knee extensors in
response to the tendency of the body’s center of mass to
flex the knee.”® Berchuck et al® found a marked
decrease in the internal knee extension moment during
the loading phase of walking in subjects with ACL-
deficient knees.

We contend that, although the neuromuscular system is
able to compensate for a knee extension moment deficit,
this compensation may not always be beneficial. The use
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of lower-extremity weight-bearing exercises, such as the
lateral step-up (LSU), is common in knee rehabilitation
programs.”” When knee pain or effusion is present,
there may be reflex inhibition of the quadriceps femoris
muscle, thus preventing full activation of this muscle.?®
In our opinion, when a patient performs an LSU, the
ipsilateral hip extensors or the soleus muscle may com-
pensate for the quadriceps femoris muscle deficit and
increase their contribution to knee extension. This
compensation would lessen the demand on the quadri-
ceps femoris muscle and markedly reduce the strength-
ening effect of this exercise on the quadriceps femoris
muscle.

The purpose of our study was to evaluate lower-extremity
kinetics following autograft bone-patellar tendon-bone
ACL reconstruction while subjects performed an LSU
and a VJ]. Our aim was to determine whether deficits in
the ability of the quadriceps femoris muscle to generate
an extension moment at the knee during a VJ or an LSU
would be compensated for by the hip and ankle muscu-
lature. We examined the effect of ACL reconstruction
and the type of activity (LSU or V]) on knee extensor
moment and summated extensor moment (hip +
knee + ankle extensor moments) for the lower extrem-
ity. The following hypotheses were tested for 3 weight-
bearing activities (ie, LSU, VJ take-off, and V] landing):
(1) the knee extension moment for the reconstructed
extremity would be less than that of the contralateral
extremity and those of the limbs of a comparison group,
and (2) there would be no difference in the summated
extension moment between the ACL-reconstructed
limb, the contralateral limb, and the limbs of the com-
parison group. A normal summated extensor moment in
the presence of a knee extensor moment deficit, in our
opinion, would indicate that the hip or ankle extensor
moment increased to compensate for the knee deficit.

Secondarily, we wanted to examine the relationship
between forward leaning of the trunk and knee extensor
moments during the V] and LSU. This was done to
substantiate the relationship between trunk flexion
angle and knee extension moment reported by Berger
et al.?® They found that, as the degree of forward trunk
leaning increased, the internal hip extension moment
increased and the internal knee extension moment
decreased. If we found such an increase in hip extension
moment with a decrease in knee extension moment in
our subjects, we wanted to determine whether the
degree of forward trunk leaning was related to changes
in the hip and knee extension moments. If there was no
relationship, we could consider reasons other just than a
change in trunk leaning to explain our findings. Finally,
because pain inhibition may be present in the subjects
with ACL reconstructions, we wanted to determine
whether pain was associated with any knee extensor
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moment deficit. If a knee extension moment deficit was
found to be present, we wanted to be able to determine
whether this deficit was related to pain or to other
factors. Therefore, our third hypothesis was that we
expected an inverse relationship between forward trunk
leaning and knee extensor moment and between pain
and knee extensor moment.

The independent variables were (1) group (subjects with
ACL reconstructions or comparison subjects), (2) extrem-
ity (ACL-reconstructed extremity, contralateral uninjured
extremity, or the extremities of the uninjured matched
comparison subjects), and (3) activity (LSU, V] take-off,
or V] landing). The dependent variables were (1) the
maximal knee extension moment (in newton-meters per
kilogram) and (2) the summated extension moment
(maximal hip + knee + ankle extension moments). The
degree of forward trunk leaning and pain were mea-
sured to address the third hypothesis.

Method

Subjects

Kinetic analysis was performed on 20 subjects (14 male,
6 female), with a mean age of 23.5 years (SD=3.7,
range=19-29), a mean of 9.8 months (SD=2.3,
range=8-15) after ACL reconstruction was done using a
graft obtained from the central third of each subject’s
patellar tendon. Sixteen of the subjects with ACL recon-
structions were consecutive cases from one orthopedic
surgeon, and the remaining 4 subjects were from
another orthopedic surgeon from the same academic
medical center. All subjects followed alike rehabilitation
protocols that used both weight-bearing and non-
weight-bearing exercises. A comparison subject of the
same sex and approximate age, weight, and activity level
was recruited for each subject with an ACL reconstruc-
tion (Tab. 1). Both groups of subjects underwent iden-
tical testing. The Tegner and Lysholm Activity Scale®”
was used to match the comparison and experimental
subjects based on activity level. The Tegner and Lysholm
Activity Scale is a scale ranging from 0 to 10, with 0
meaning the individual is disabled due to a knee condi-
tion and 10 meaning the individual is a competitive
athlete. Comparison subjects had to be at the same level
or one level above or below that of their matched
subjects with ACL reconstructions.

All subjects with ACL reconstructions had no history of
surgery or traumatic injury to the uninvolved lower
extremity or to the hip or ankle of the involved lower
extremity, no more than one surgery for a tear of the
ACL, no other ligamentous injury in the operated knee,
and no history of any medical problem in the 4 weeks
prior to testing. In addition, we examined all knees of all
subjects with ACL reconstructions with the KT-1000
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Table 1.
Descriptive Statistics for Subjects With Anterior Cruciate Ligament {ACL) Reconstructions and Matched Comparison Subjects
Subjects With ACL Reconstructions Comparison Subjects
(n=20) (n=20)
Variable X sD Range X SD Range
Age [y) 23.5 3.7 19-29 227 4.2 20-28
Height (cm) 173.5 8.6 160-185 173.9 7.8 162-185
Weight (kg) 78.2 12.5 62-105 74.8 10.9 56-98
Males/females 14/6 14/6
Activity score”
Preinjury 7.0 5-8 .
Current 54 4-8 595 1.4 4-9
Time since surgery {mo) 9.8 23 8-15
KT-1000 score {mm) (involved extremity —
uninvolved extremity) 0.93 1.5 0.2-3.2

“From the Tegner and Lysholm Activity Scale.?®
* Ellipsis indicates not applicable or not measured in uninjured matched subjects.

knee arthrometer* to ensure that these subjects had
stable knees. Those subjects with a difference between
the involved and uninvolved extremities greater than 4
mm were excluded from the study to remove the poten-
tial confounding variable of knee instability. Though this
difference of 4 mm is not evidence based, we did not
want to consider knee laxity as a factor when examining
reasons for differences between groups. Comparison
subjects met the same criteria as the subjects with ACL
reconstructions with the exception that they had no
current or past injury that caused pain or affected their
activity level to either lower extremity. All subjects signed
an informed consent agreement prior to participation in
the study.

Instrumentation

Data collection was performed at a gait analysis labora-
tory using the Vicon Motion Analysis System.! The
system consisted of 6 charged coupled device cameras, a
force platform,* a personal computer, and the accompa-
nying Vicon software. Seventeen 1-cm plastic balls cov-
ered in reflective tape were used as body surface mark-
ers, with the thigh and calf markers attached to the end
of a 6-cm-long wand per standard procedure, as recom-
mended by the manufacturer.’® The pelvis, knee, ankle,
and shoulder markers were attached to the skin with
double-sided tape, and the wands were secured around
the thigh and calf with elastic tape. The cameras cap-
tured data at a frequency of 60 Hz, and the force plate
sampled data at 1,200 Hz. The system was calibrated
according to the manufacturer’s instructions prior to
each data collection session.

* MEDmetric Corp, 7542 Trade St, San Diego, CA 92121.
t Oxford Metrics, 14 Minns Estate, West Way, Oxford, England OX2 OJB.
¥ Kistler, PO Box 304, CH8408, Winterthur, Switzerland.
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Procedure

Subjects reported to the gait analysis laboratory for data
collection. After completing the activity questionnaire,
each subject warmed up by jogging in place for 3
minutes. The reflective balls were placed on the lower
extremities as described in the Vicon reference manu-
al.’® These locations were the anterior superior iliac
spines, sacrum, lateral thighs and calves, lateral knee

joint lines, lateral malleoli, posterior calcanei, and heads

of the second metatarsals. In addition, markers were
placed over the right and left middle deltoid muscles.
The alignment of these shoulder markers with the pelvic
markers allowed measurement of the trunk flexion angle
during the VJ and LSU.

Depending on the order of testing, kinematic and
kinetic data were collected as each subject performed
the VJ and LSU. The single-leg V] was demonstrated, and
the subject performed 3 practice trials prior to data
collection. The subject took one step onto the force
platform, flexed the lower extremity, performed a max-
imal V], and landed on the force platform with the same
lower extremity (Fig. 1). Data were collected for 3 trials
and averaged. The subject used his or her natural

jumping technique, with no restrictions on the counter-

movement or use of the arms. At the completion of the
3 VJs, the subject indicated his or her level of pain
during the test by marking a spot with a pencil on a
visual analog scale (VAS), which consisted of a 10-cm
line with “no pain” written on the far left side of the line
and “worst pain imaginable” written on the far right
side.”!

The LSU was performed with an 18-cm-high step

mounted on the force platform with preloading.’® The
procedure was demonstrated, and the subject performed
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Table 2.

Internal Knee Extension Moment of Each Lower Extremity (LE) During Each Activity (in Newton-meters per Kilogram) for Subjects With Anterior
Cruciate Ligament (ACL) Reconstructions and Matched Comparison Subjects

Subjects With ACL Reconstructions (n=20) Comparison Subjects (n=20)

Involved LE Uninvolved LE Matched LE Unmatched LE
Activity X SD  Range X SD  Range X SD Range X SD Range
Vertical jump take-off 1.05¢ 0.50 0.1 8226 1.41 031 122206 143 028 092-194 155 034 1.00-2.19
Vertical jump landing  1.30°  0.59 025-2.30 2.09 049 1.27-3.37 191 045 1.28-3.03 1.89 0.45 1.33-3.36
Lateral step-up 0.98° 0.30 0.43-1.51 128 027 081-1.91 1.33 026 0.81-1.82 1.30 0.18 0.97-1.64

“Significantly ditferent from the uninvolved extremity and both extremities of the matched subjects for cach activity (P<.001).

3
B involved ACL
A ®Uninvolved ACL
OMatched Control |
) [ Unmatched Control '

Results

Descriptive statistics for subject charac-
teristics are presented in Table 1. The
ANOVA for knee extension moment
revealed a group X extremity X activity
interaction (F=10.72; df=2,76;

P<.001). This finding indicated that
the difference between the involved
and uninvolved extremities for each of

Knee Extension Moment (N «m/kg)

Vertical Jump
Landing

Vertical Jump
Take-off

the 3 activities was different for the
experimental and comparison groups.
The Tukey HSD post hoc analysis
revealed that the knee extension
moment of the involved lower extrem-
ity of the subjects with ACL reconstruc-
tions was less than that of their unin-
volved lower extremity and the
matched lower extremities of the com-
parison subjects for each of the 3 activ-

Lateral
Step-up

Figure 3.

Knee extension moments during the lateral step-up, vertical jump take-off, and vertical jump
landing for each extremity in the group with anterior cruciate ligament {ACL) reconstructions
and the comparison group. Asterisk (*) indicates significantly different from the uninvolved and

matched extremities in each activity.

each comparison subject was designated as the same side
as the involved extremity of the matched subject in the
experimental group. The initial alpha level was set at .05
and was divided by the number of dependent variables
(2) to control for Type I error. The Tukey Honestly
Significant Difference (HSD) test was used in the post hoc
analyses.

The Pearson product-moment correlation was used to
assess the relationship between knee extension moment
and maximum trunk flexion angle and between knee
extension moment and pain during the V] and LSU.
These relationships were studied separately in the ACL-
reconstructed extremity, the uninvolved extremity, and
the matched extremity. The alpha level was again set at
.05.
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ities (Tab. 2 and Fig. 3). There was no
difference between the uninvolved
lower extremity of the subjects with
ACL reconstructions and the matched
lower extremity of the comparison sub-
jects and no difference between the
lower extremities of the comparison
subjects.

The ANOVA for summated extension moments revealed
a group X extremity X activity interaction (F=11.04;
df=2,76; P<.001). Post hoc analysis showed that, for the
V] landing, the summated extensor moment of the
involved lower extremity of the subjects with ACL recon-
structions was less than that of their uninvolved lower
extremity and the matched lower extremities of the
comparison subjects (Tab. 3 and Fig. 4). All other
pair-wise comparisons showed no difference between the
groups or extremities.

No correlations were found between trunk flexion angle

and knee extension moment (r=—.23 to .13, P >.05) or
VAS pain score and knee extension moment (r=—.13 to
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Table 3.

Summated Internal Knee Extension Moment of Each Lower Extremity (LE) During Each Activity (i i i i
. ernal g Each Activity (in Newton-meters per Kilogram) for Subject
Anterior Cruciate Ligament (ACL) Reconstructions and Matched Comparison Subjects per Kilogram) for Subiects Wit

Subjects With ACL Reconstructions (n=20) Comparison Subjects (n=20)
Involved LE Uninvolved LE Maiched LE Unmatched LE
Activity X SD  Range X SD  Range X SD Range X SD Range
Verti.ccl {Ump take-off 5.92 1.48 237-825 569 1.19 3.67-8.19 6.15 1.01 4.25-8.08 6.33 1.03 4.83-7.63
Vertical jump landing 4.69° 1.18 2.55-6.44 566 1.06 3.40-7.45 550 092 3.88-7.09 555 070 4.03-6.72
Lateral step-up 2.66 0.36 1.90-3.50 277 029 2.20-3.23 272 032 224-331 2.89 0.27 253-3.55
“Significantly different from the uninvolved extremity and both extremities of the matched subjects in the vertical jump landing (P<.001).

activities, the neuromuscular system
may also recruit the hip extensors and
the soleus muscle to assist knee exten-

Summated Extension Moment (N.m/kg)

Vertical Jump
Take-off

Vertical Jump
Landing

Lateral
Step-up

sion. Therefore, the decrease in knee
extension moment that we found may
not have been due solely to quadriceps
femoris muscle weakness, but may have
been due to the use of other muscle
groups besides the quadriceps femoris
muscle to extend the knee (ie, the hip
extensors and/or soleus muscle).
Based on the origin and insertion, the
gluteus maximus muscle can exert a
posteriorly directed force on the prox-
imal femur to extend the knee while
the pelvis and foot are stabilized. Simi-
larly, with the foot fixed on the floor,
the soleus muscle can exert a posteri-
orly directed force on the proximal
tibia to produce knee extension. In our

Figure 4.

Summated extension moments during the lateral step-up, vertical jump take-off, and vertical
jump landing for each extremity in the group with anterior cruciate ligoment {ACL) reconstruc:
tions and the comparison group. Asferisk (*) indicates different from the uninvolved, matched,

and unmatched extremities during the vertical jump landing.

~.34, P>.05) for each extremity under the 3 activity
conditions.

Discussion

To our knowledge, there is only one study24 in which
lower-extremity kinetics or kinematics were examined
during functional activities in people who have had ACL
reconstructions. Thus, it is difficult to compare our
findings with those of researchers who used other mea-
sures. Our finding of a decreased knee extension
moment during all $ tested activities would seem to be
due to quadriceps femoris muscle weakness. For exam-
ple, the mean knee extension moment during V] land-
ing was 1.30 N'm/kg for subjects with ACL reconstruc-
tions compared with 2.09 N'm/kg for the comparison
subjects. However, with lower-extremity weight-bearing
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opinion, these muscle groups gener-
ated larger moments at the hip and
ankle to make up for the knee extensor
moment deficit. The concept that the
hip and ankle extensor moments can
compensate for knee extensor moment
deficits is supported by the fact that the
V] take-off and LSU summated extensor moments for
the involved lower extremity of the subjects with ACL
reconstructions were equal to those of their uninvolved
lower extremities and the matched lower extremities of
the comparison subjects in spite of a smaller knee
extensor moment.

The decrease in knee extension moment could also be
due to pain or forward trunk leaning during the LSU
and VJ. The amount of leaning can increase or decrease
the tendency of the center of mass to flex the knee. A
corresponding change in the moment generated by the
quadriceps femoris muscle is needed to counteract this
tendency of the body mass to flex the knee.*” Theoreti-
cally, as an individual flexes at the trunk, the tendency of
the external moment arm of the center of mass (perpen-
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Hip, knee, and ankle extension moments during the lateral step-up.
Asterisk (*) indicates knee extensor moment of involved extremity was
different from knee extensor moments of the uninvolved and matched
extremities {P <.05).

dicular distance between the center of mass and the
knee joint center) to flex the knee decreases. This
decrease presumably results in a smaller internal knee
extension moment to overcome the tendency of the
center of mass to flex the knee. However, this hypothesis
was not supported by our data, as there was no relation-
ship between knee extension moment and trunk flexion
angle. Although pain may be thought to decrease the
knee extension moment, there was no correlation
between level of pain on the VAS and knee extension
moment. Therefore, our findings appear to support the
concept that the decrease in knee extensor moment is
due either to quadriceps femoris muscle weakness or to
some alteration of central neuromuscular programming
where hip or ankle extensors may be recruited.

The summated extensor moment (hip + knee + ankle
extension moments) was originally investigated by Win-
ter** and was in reference to the stance phase of gait. He
found that the summated extensor moment was consis-
tent across a group of uninjured and injured subjects
during walking. When a deficit existed in one joint,
Winter found that other lower-extremity joints would
compensate and increase their extension moments to
maintain the summated extension moment throughout
the lower extremity and thus prevent the limb from
collapsing during the stance phase of gait. This finding is
consistent with our findings of symmetrical summated
extensor moments in the presence of knee extensor
moment deficits in the V] take-off and LSU.

In the V] landing, however, the involved lower extremity
of the subjects with ACL reconstructions had a smaller
extensor moment that their uninvolved lower extremity
or the matched lower extremities of the comparison
subjects. Of the 3 activities, we would theorize that the V]
landing would be the most likely to cause a “limb
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collapse” and thus necessitate the maintenance of a
symmetrical summated extensor moment. However, it is
apparent that the hip and ankle did not compensate
enough to maintain this summated extensor moment.
Perhaps the rapid and forceful contractions required by
the lower-extremity muscle groups during the landing
was too great a demand for the neuromuscular system to
respond with a normal summated extensor moment.

A clinical implication of our findings is that the neuro-
muscular system can recruit hip or ankle muscle groups
during lower-extremity weight-bearing exercise and test-
ing. Clinicians, therefore, should be aware that, when
prescribing the lateral step-up or similar exercises, the
hip and ankle may contribute to the knee extensor
moment and the contribution of the knee extensors may
be reduced. Figure 5 provides a interesting comparison
of the hip, knee, and ankle extension moments during
the LSU. The knee extension moment appeared to be
the predominant extensor moment in the uninvolved
lower extremity of the subjects with ACL reconstructions
and the matched lower extremities of the comparison
subjects, whereas the ankle extension moment appeared
to be the predominant extension moment in the
involved lower extremity of the subjects with ACL
reconstructions.

We conducted a 2-factor within-subjects ANOVA (joint
versus extremity) and a l-factor between-subjects
ANOVA (group) with Tukey HSD post hoc tests to exam-
ine differences in joint extensor moments in the extrem-
ities of both groups while performing the LSU. In the
matched extremity of the comparison subjects and the
uninvolved extremity of the subjects with ACL recon-
structions, the knee extensor moment was greater than
both the hip and ankle extensor moments (F=17.6;
df=2,76; P<.001). In the involved extremity of the
subjects with ACL reconstructions, however, there was
no difference between the knee and ankle extensor
moments. For example, in the involved extremity of the
subjects with ACL reconstructions, the knee extension
moment of 0.98 N-m/kg was no different from the ankle
extension moment at 1.06 N-m/kg. In the uninvolved
extremity, the knee extension moment at 1.28 N'm/kg
was greater than both the hip extension moment (0.49
N'm/kg) and the ankle extension moment (1.00 N-m/
kg). Thus, we believe the ankle musculature was contrib-
uting just as much as the knee to the total extensor
moment to complete the LSU. In the uninvolved
extremity of the subjects with ACL reconstructions and
the matched extremities of the comparison subjects, the
quadriceps femoris muscle generated the predominant
extensor moment. We believe the sole reliance on
unsupervised lower-extremity weight-bearing strength-
ening exercises may not provide an adequate stimulus
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for quadriceps femoris muscle force gains in patients
following autograft patellar tendon ACL reconstruction.

The V] test requires a coordinated effort of all lower-
extremity joints. Although the V] test and the similar
one-legged hop test are used to measure performance
following knee injury or surgery, they are, in our view,
~ measures of total lower-extremity performance and not
- just measures of knee performance. The satisfactory
performance of a one-legged hop test, in our opinion,
does not indicate a normal a normal knee extensor
mechanism.

Future Research

The results of our study showed that the hip and/or
ankle extension moments apparently increase in an
effort to make up for a deficit in the knee extension
moment. How long these compensations exist and
whether these compensations adversely affect an individ-
ual’s overall performance or subject the individual to an
increased risk for injury is unclear. Future areas for study
should include measuring the duration of these com-
pensations and tracking patients or athletes to deter-
mine whether the performance or injury rate of individ-
uals decreases as a result of compensations. A similar
kinetic analysis comparing patients having a patellar
tendon autograft with those having an allograft or
hamstring muscle graft procedure may assist the surgeon
in deciding which graft would favor optimal lower-
extremity function. Finally, research to determine the
best rehabilitation program to restore normal synchro-
nization and proportionate contribution of lower-
extremity muscle groups during functional activity will
ultimately benefit the patient attempting to return to
normal lower-extremity function following ACL
reconstruction,

Conclusion

This study provided support that the hip and ankle
extensors are capable of compensating for a knee exten-
sion moment deficit in the involved extremity of patients
after ACL reconstruction during an LSU exercise and V]
take-off. Clinicians whose patients perform these activi-
ties for quadriceps femoris muscle rehabilitation should
be aware these compensations may occur and take
adequate measures to ensure appropriate quadriceps
femoris muscle recruitment. When using the single-
legged V] test for patients after ACL reconstruction, we
contend that clinicians should be aware that this test is a
measure of total lower-extremity performance. A normal
test result may be an indication of adequate compensa-
tion by the hip and ankle musculature and may not
necessarily indicate normal knee extension force. Dur-
ing VJ landing, compensation by the hip and ankle
musculature did not occur in the ACL-reconstructed
extremity and resulted in a deficit in the summated
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extension moment. 1NIS AETICIT L1 UIE SULILIAWAL Cavoi
sor moment may decrease the musculoskeletal system’s
ability to attenuate shock during landing and expose the
musculoskeletal system to greater stress. Further research is
needed to determine the importance of this deficit and
to examine rehabilitation programs designed to restore
the summated extension moment.
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