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Abstract

Persistent quadriceps muscle weakness is common after anterior cruciate ligament (ACL)
reconstruction. The mechanisms underlying these chronic strength deficits are not clear. This
study examined quadriceps strength in people two to fifteen years post ACL reconstruction and
tested the hypothesis that chronic quadriceps weakness is related to levels of voluntary quadriceps
muscle activation, antagonistic hamstrings moment, and peripheral changes in muscle. Knee
extensor strength and activation were evaluated in fifteen ACL reconstructed and fifteen matched
uninjured control subjects using an interpolated triplet technique. Electrically evoked contractile
properties were used to evaluate peripheral adaptations in the quadriceps muscle. Antagonistic
hamstrings moments were predicted using a practical mathematical model. Knee extensor strength
and evoked torque at rest were significantly lower in the reconstructed legs (P < 0.05). Voluntary
activation and antagonistic hamstrings activity were similar across legs and between groups (P >
0.05). Regression analyses indicated that side-to-side differences in evoked torque at rest
explained 71% of the knee extensor strength differences by side (P < 0.001). Voluntary activation
and antagonistic hamstrings moment did not contribute significantly (P > 0.05). Chronic
quadriceps weakness in this sample was primarily related to peripheral changes in the quadriceps
muscle, not to levels of voluntary activation or antagonistic hamstrings activity.
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Introduction

Severe quadriceps weakness develops rapidly after ACL injury and surgery.1-2 The recovery
of quadriceps strength is often incomplete even years after surgery. Quadriceps strength

"Address for Correspondence: Chandramouli Krishnan, 1-152 MEB, Physical Therapy & Rehabilitation Science, Carver College of
Medicine, University of lowa, lowa City, |1A, USA 52242-1190, Phone: (319) 335-6985, Fax: (319) 335-9707, ckrishnan@ric.org.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Krishnan and Williams Page 2

deficits from 2% to 20% have been reported in subjects more than two years post ACL
surgery.3 While it is evident that quadriceps weakness is a common finding in people with
ACL reconstruction, the underlying mechanisms for such weakness are currently unclear.
Reports from people with acute ACL injury indicate that quadriceps atrophy and activation
failure are the primary contributing factor for quadriceps weakness.! Scientists have also
suggested that an inability to completely activate the quadriceps muscle (i.e., voluntary
activation failure) is a primary cause of chronic quadriceps weakness in people after ACL
reconstruction.3-> However, this premise has not been verified experimentally.

The net moment generated at a joint during maximal contractions is the algebraic sum of the
moments produced by the agonist and antagonist muscle groups and is largely determined
by the anatomical, physiological and biomechanical parameters of the muscle-tendon units
spanning the joint.6 Accordingly, it is reasonable that neuromuscular adaptations subsequent
to knee joint trauma such as quadriceps atrophy, activation failure, and altered levels of
antagonist hamstrings activation contribute to the chronic quadriceps weakness often
observed after ACL reconstruction. Identifying the mechanisms responsible for persistent
knee extensor weakness is meaningful as this knowledge may help clinicians and scientists
develop more effective intervention strategies for people who sustain intra-articular knee
injuries or undergo knee joint surgery. Therefore, the purpose of this study was to assess the
magnitude of quadriceps weakness in subjects two to fifteen years post ACL reconstruction
and to test the hypothesis that chronic quadriceps weakness is a product of morphological
and physiological changes of the quadriceps muscle (as determined by electrically evoked
torque), incomplete voluntary quadriceps muscle activation, and increased antagonist
hamstrings moment during knee extensor strength testing.

Materials and Methods

Subjects

Thirty (15 ACL reconstructed, 15 uninjured controls) active people (Tegner Activity Score =
4) between 19 and 38 years of age volunteered to participate in this study. The ACL
reconstructed and control subjects were matched by age (£ 3 years), activity level (£ 1
Tegner Activity score), height (£ 5%), weight (+ 10%), sex, and ethnicity. Exclusion criteria
for ACL reconstructed subjects included ACL reconstruction less than two years or more
than fifteen years previously, reports of failure to participate in physical rehabilitation after
ACL surgery, history of injury or surgery to the contralateral knee, reports of injury or
surgery to the reconstructed knee following ACL reconstruction, and history of posterior
cruciate ligament injury. Exclusion criteria for both groups included an inability to perform
resisted knee extension without significant pain (> 30 mm on a 100 mm visual analog scale),
fracture of the pelvis, femur, tibia, fibula, or patella within the past two years, history of
lower body nerve injury, lumbar radiculopathy, neurological disorder, and diabetes.

All subjects provided written consent to participation using an informed consent document
approved by the University of lowa Human Subjects Research Institutional Review Board.
After obtaining consent to participation, a brief physical evaluation was performed to
confirm that the subjects had no signs of conditions that would exclude them from
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participation. Subjects then completed the Knee Injury and Osteoarthritis Outcomes Survey
(KOOS).

Testing Procedures

Knee Extensor Strength and Activation Testing—Subjects were asked to refrain
from any strenuous physical activity for 24 hours prior to testing. Testing began by having
subjects perform a five minute warm-up on a cycle ergometer. Subjects were then positioned
on a HUMAC NORM Testing and Rehabilitation System (Computer Sports Medicine, Inc.,
Stoughton, MA, USA) with their hips and knees flexed at 90° of flexion.”"® Knee extensor
strength and voluntary activation of the quadriceps muscle were assessed using an
interpolated triplet technique.10 Before testing, subjects were provided with several practice
trials to familiarize them with test methods and to potentiate the quadriceps muscles.

Subjects performed three maximum voluntary isometric contractions (MVIC) of the knee
extensors and flexors in an alternating fashion with three minutes of rest between each like
trial. Loud verbal encouragement and visual feedback of the real-time torque were provided
to facilitate maximal effort. A train of electrical pulses (three pulse, 100 Hz, 200 us pulse
duration, 400 V) at a predetermined subject-specific current intensity was superimposed on
the subjects' maximal voluntary knee extension efforts using a constant current muscle and
nerve stimulator (model DS7AH, Digitimer Ltd, Hertfordshire, England).11 A second
stimulus was provided four seconds after the completion of the maximal contraction to
obtain potentiated evoked knee extensor torque at rest. The electrical stimuli used during
testing were delivered through two self-adhesive stimulating electrodes (2.75 x 5.00 inches,
Dura-Stick I, Chattanooga Group, Hixon, TN, USA) applied over the vastus lateralis
muscle proximally and largest part of the vastus medialis distally.12 The stimulator was
triggered using an automated torque-based triggering approach.13 The trial that produced the
highest voluntary torque was used in further analysis. The electromechanical delay between
the stimulus delivery and the actual onset of evoked torque was taken into account when
calculating voluntary activation values (Figure 1).14 Voluntary activation of the quadriceps
muscle was determined for each leg using the following formula.10

Evoked Torque during MVIC

%Activation= | 1
0 v Evoked Torque at Rest

x 100 13

Speed properties of the quadriceps muscle (rate of torque rise and fall) were assessed to
determine if there were chronic peripheral adaptations in the quadriceps muscle associated
with its metabolic and enzymatic function using the potentiated evoked torque at rest.1> The
rate of torque rise and rate of torque fall were divided by the peak evoked torque at rest to
obtain normalized rates in ms™.

Muscle Specific EMG-Moment Relationships—After determining the subjects'
isometric knee extensor and flexor strength, muscle specific EMG-moment relationships for
the hamstrings muscles were obtained by having subjects match torque targets at four
normalized moment magnitudes (10%, 20%, 30%, and 50% of peak voluntary flexor
torque). Subjects viewed the moment targets and real-time feedback of their target matching
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efforts on a LCD monitor placed in front of them. To match the targets, subjects attempted
to position the real-time torque curves associated with force they generated against the
dynamometer's torque arm over a linear torque target displayed on the monitor in front of
them. Subjects were provided with two practice trials to familiarize them with the test
methods and minimize the effects of task novelty and learning. Subjects then matched
targets at the four moment magnitudes. The moment targets were presented in random order
to minimize systematic error associated with the presentation of target loads. Five seconds
of data were collected during each trial once subjects achieved relative stability in their
torque curves. Two trials were performed at each target magnitude. The average of the two
trials was used in analysis.

Both legs of the ACL reconstructed subjects were tested in an identical fashion and the order
of testing subjects' legs was randomized a priori in order to minimize effects associated with
the order of testing. The control group subjects underwent testing on one side. The side
selected for testing was based on the reconstructed leg of the subject that the control subject
was matched to.

Antagonist Hamstrings Muscle Activity—Hamstrings activity during knee extension
trials was evaluated using two surface EMG-preamplifiers (model 544, Therapeutics
Unlimited, lowa City, 1A) applied over the bellies of semitendinosus and biceps femoris
longus muscles. EMG signals were low-pass filtered at 500 Hz using an 8! order analog
Butterworth filter (SCXI-1143, National Instruments Corporation, Austin, TX, USA). After
removing the baseline offset values, EMG signals were rectified and smoothened using a
recursive 8t order digital Butterworth filter with a 6 Hz cut-off. The mean activity over the
250 ms window immediately preceding peak torque was used in the analysis. The
magnitudes of medial and lateral hamstrings activity recorded during peak knee extensor
trials were normalized to peak values obtained from the respective muscles during flexor
trials. The activation values of the medial and lateral hamstrings muscles were later
averaged to determine the overall hamstrings activity during knee extension.

Modeling of Antagonist Muscle Moment—The contribution of medial and lateral
hamstrings muscles to the total agonist flexor moment was partitioned based on the relative
size, activation, and moment arm of the muscles.16:17 The details of the muscle moment
modeling are described in the supplementary material. We examined the effects of
antagonistic hamstrings muscle activity on side-to-side knee extensor torque ratios by
correcting the observed voluntary peak knee extensor torque values for predicted moments
generated by the hamstrings muscles during strength testing. The following equation was
used in this analysis:

Corrected Torque=Observed Torque+Antagonist Torque [3]

where corrected torque is the peak knee extensor torque after correcting for the antagonist
torque generated by the hamstrings muscles, observed torque is the observed peak extensor
torque during isometric knee strength testing, and antagonist torque is the calculated
antagonist torque generated by the hamstrings muscles.
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Data Analysis

Results

Statistical analyses were performed using SPSS for Windows version 17.0 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were calculated for each variable. The 95%
confidence intervals (ClI) for the torque and activation measurements were estimated by
Bootstrap resampling with replacements (5000 Bootstrap iterations).18 Paired t-tests were
used to evaluate if significant differences existed between the ACL reconstructed and the
non-reconstructed legs. Two sample t-tests were used to evaluate whether or not significant
differences existed in the demographic profiles of the ACL reconstructed and control
subjects and also to detect significant inter-group differences (reconstructed vs. control
legs). Multiple linear regression was performed to determine the variables (side-to-side
differences in triplet evoked torque, voluntary activation, and antagonist hamstrings
moment) that significantly explained side-to-side differences in knee extensor strength.
Pearson product moment correlation coefficient was used to evaluate the association
between side-to-side triple evoked torque ratio and knee extensor peak torque ratio. A
significance level of a = 0.05 was used for statistical analyses.

The mean age, height, weight, and activity level between groups were similar indicating that
the subjects were adequately matched (Table 1). The clinical characteristics of the subjects
are provided in S-Table 1. The ACL reconstructed subjects had significantly lower scores
than the control group in all the five subscales of the KOOS (Table 2).

The knee extensor torque and potentiated evoked torque of the subjects’ ACL reconstructed
legs were significantly lower than their non-reconstructed legs (P = 0.023 & P = 0.016,
Table 3). The mean estimates of voluntary quadriceps muscle activation were similar
between subjects' ACL reconstructed and non-reconstructed legs (P = 0.445, Table 3 and
Figure 2D). The magnitudes of antagonistic hamstrings activity and associated estimates of
hamstrings torque during knee extensor strength testing observed in subjects' ACL
reconstructed and non-reconstructed legs were not significantly different (P = 0.662 and P =
0.391, Table 3). The side-to-side knee extensor torque ratios of the ACL reconstructed group
did not change significantly when antagonistic hamstrings torque values were accounted for
(93.9 £ 8.9% vs. 93.6 = 9.3%, P = 0.488). There were also no side-to-side differences in the
mean normalized rate of torque rise (0.0097 + 0.0012 ms™ vs. 0.0097 + 0.0013 ms™L, P =
0.645) and torque fall (0.0058 + 0.0014 ms1 vs. 0.0056 + 0.0011 ms™1, P = 0.287). No
significant differences were observed between the values of the subjects’ ACL reconstructed
legs and those from the legs of the control subjects for any of the variables (P =0.156 to P =
0.803, Table 3). Cumulative distribution functions for peak knee extensor torque, peak knee
flexor torque, and triplet evoked torque showed a reduction in the torque (leftward shift)
when the functions for the subjects' reconstructed legs were compared with those for their
non-reconstructed legs and those for the control subjects legs (Figures 2A, 2B, & 2C).

Regression analyses revealed that side-to-side differences in evoked knee extensor torque at
rest explained 71% of the knee extensor strength differences by side (P < 0.001, Figure 3A),
whereas side-to-side differences in voluntary quadriceps activation and antagonistic

hamstrings moment did not contribute significantly to observed strength differences by side
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(P =0.931 and P = 0.578). A strong linear relationship was observed between the side-to-
side evoked torque ratio and voluntary knee extensor peak torque ratio (Figure 3B).

Discussion

This study adds to the existing knowledgebase in at least three distinct ways. First, it
provides evidence that chronic quadriceps weakness is minimal in the majority of people
who undergo ACL reconstruction and related to peripheral changes in the muscle. Second, it
provides evidence indicating that voluntary quadriceps muscle activation returns to normal
levels and contributes little to persistent quadriceps weakness after ACL reconstruction,
which is contrary to the existing belief that quadriceps activation failure is the source of
persistent quadriceps weakness after ACL reconstruction. Finally, the detailed
neuromuscular testing performed in this sample provides a clearer picture of long-term
neuromuscular adaptations that occur after ACL reconstruction.

Quadriceps weakness is commonly reported after ACL injury and reconstruction. This
weakness and associated dysfunction have been implicated as a source of reduced knee
related quality of life, increased risk of knee osteoarthritis, and long-term functional
disability.#19-21 Our sample displayed a mean of 6% side-to-side quadriceps weakness in
their reconstructed legs. Seventy-three percent of the subjects (11 out of 15) had side-to-side
knee extensor strength ratios of = 90%. These findings are consistent with the results of
previous studies incorporating isokinetic testing.12:22:23 The clinical significance of this
strength difference remains uncertain. Our data and those from the recent literature19.22
suggest that quadriceps muscle strength returns to near normal levels in the majority (about
70%) of people who undergo modern ACL reconstruction procedures. It is important,
however, to consider the 30% of the population who have more substantial weakness. It is
unclear why this subset of the population has greater quadriceps weakness and whether these
individuals are more prone to poorer long term knee health outcomes.

The findings from this study provide new insight into mechanisms contributing to chronic
quadriceps weakness after ACL reconstruction. The data for evoked knee extensor torque at
rest suggest that most of the observed strength deficits are related to peripheral changes in
the muscle-tendon units of the quadriceps muscle. These peripheral changes may include
chronic atrophy, changes in the compliance of the series elastic components of the muscle-
tendon units, and alterations in the architectural structure and composition (fiber type) of the
quadriceps muscle. We observed significant side-to-side differences in the magnitude of
evoked quadriceps muscle torque at rest, but not in contractile speed properties. This
suggests that the observed quadriceps weakness was likely a result of persistent quadriceps
atrophy and associated changes in the muscle-tendon units rather than metabolic or
enzymatic adaptations. Unfortunately, we cannot partition the contributions of quadriceps
atrophy from other changes in the muscle-tendon units as such an analysis would require
detailed information on each subjects’ muscle morphology.

Quadriceps activation failure has been implicated as a source of lingering quadriceps
weakness after ACL injury.3 This is understandable based on the large body of evidence
demonstrating severe voluntary activation deficits early after ACL injury and
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reconstruction.2:® However, there is little evidence regarding whether chronic quadriceps
activation failure is a problem for patients in the years after ACL reconstruction. Such
activation failure has been implicated as a potential contributor to the pathoetiology of post-
traumatic knee osteoarthritis after ACL injury.# Some support for this idea is provided by a
prospective study indicating that recovery of voluntary quadriceps muscle activation is
incomplete two years after surgery despite significant improvement over time.2 Our results,
however, indicate that voluntary quadriceps activation recovered to normal levels in our
sample and did not contribute significantly to the residual quadriceps weakness observed.
The finding of “normal” levels of quadriceps muscle activation in our ACL reconstructed
sample is not surprising considering that the subjects did not report knee pain or display
signs of knee effusion, which are postulated to be primary sources of arthrogenic reflex
inhibition.32425 |t remains unclear if chronic quadriceps muscle activation failure is present
in people with poorer outcomes following ACL reconstruction.

Coactivation of antagonist muscle groups is a common feature associated with various types
of joint loading.26 Hamstrings muscles are believed to assume the role of joint stabilizers in
people with ACL pathology.2”-28 Altered hamstrings activity during maximal knee
extension has been reported in subjects with ACL reconstruction.2”-29 Such altered activity,
though important for stability, may produce a countermoment that would affect knee
strength test results. Researchers have reported that the countermoment associated with
hamstrings muscle activity during isometric knee extensor strength tests is about 10% of the
peak torque values produced when the muscles are agonists.16:17 Although this
countermoment may lead to an underestimation of actual knee extensor strength, the
accuracy of side-to-side comparisons of knee strength tests would not be affected unless
significant differences in antagonist muscle activity were present across sides. A recent
research report in healthy young people indicates that although the magnitude of
antagonistic hamstrings activity recorded during strength tests is sufficient to warrant
analysis, the effect on observed side-to-side differences in strength measurements is
negligible.30 The literature lacks evidence on whether antagonist activity plays a role in
side-to-side differences in knee strength after knee trauma. Our study helps fill this gap. We
used an established EMG-moment model®6 to estimate the countermoments associated with
antagonistic hamstrings activity during knee extensor strength testing. Limb symmetry
indices did not change significantly when countermoments associated with hamstrings
coactivation were accounted for. Regression analysis indicated side-to-side differences in
antagonistic hamstrings moment contributed little to observed strength differences by side.

One of the strengths of this study is its inclusion of a matched control group. Previous
studies that have investigated knee strength in patients several years post ACL
reconstruction have used contralateral limb strength alone as the reference for evaluating
muscle weakness.1%:21.22 However, evidence indicates that unilateral ACL injury results in
bilateral quadriceps weakness and activation failure.® This bilateral phenomenon has been
shown to persist for at least two years after ACL reconstruction.® Therefore, the use of
contralateral limb strength as a reference to measure knee strength is less than ideal. The
inclusion of a matched control group allowed us to further examine the strength and
neuromuscular profile of our sample. In general, the non-reconstructed legs' results fell
between those of the reconstructed and control legs and were similar to those of the control
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legs. This suggests that the non-reconstructed legs may serve as a stable reference when
evaluation is performed two or more years after ACL reconstruction.

This study has some potential limitations that warrant discussion. We only included active
people with little knee pain who were active in fitness activities or sports (Tegner Activity
Level = 4). Potential subjects who reported injuries to the reconstructed knee and those who
had additional surgery to that knee following their primary ACL reconstruction were
excluded from participation. We felt that these were important control procedures
considering our study was to be performed at a single site and would therefore have
relatively a small sample. This approach resulted in a sample of relatively high functioning
individuals, which may limit the generalizability of the results. We note, however, that our
knee strength results are consistent with those of other studies in the literature,19:21.22
Regardless of this fact, we acknowledge that people with symptomatic knees may belong to
a different subset of the ACL reconstruction population than our sample and have greater
strength and activation deficits than were observed in the present study.

Strength and activation testing was performed at 90° of knee flexion. Our results are specific
to this angle and may not be characteristic of findings at other angles as knee joint position
influences quadriceps strength and voluntary activation.8 We did not exclude subjects based
on graft types as the primary aim of this study was to provide insight into central and
peripheral contributions of muscle weakness. There is currently no consensus regarding the
best graft choice for ACL surgery. It is reasonable that different surgical approaches may
have different effects on muscle. The current investigation was not large enough to allow an
appropriate analysis of the effect of ACL graft choice on long-term outcome and
neuromuscular status. Finally, the muscle parameter inputs to the mathematical model16
used to predict antagonistic hamstrings torque were values in the literature from healthy
individuals similar to the typical ACL injury population rather than values from our sample.
Hence, the results of the model are reasonable estimates rather than specific estimates.

In conclusion, the results of this study indicated that side-to-side differences in electrically
evoked torque at rest explained a large proportion of variation (~71%) in knee strength
differences by side, suggesting that residual quadriceps weakness after ACL reconstruction
is primarily associated with peripheral adaptations in the quadriceps muscle. Quadriceps
activation deficits were small and did not contribute significantly to our sample's strength
deficits, calling into question the commonly held view that quadriceps activation failure is
the primary source of chronic quadriceps weakness in people with ACL reconstruction.
Antagonistic hamstrings muscle activity was similar across legs (reconstructed and non-
reconstructed), between groups (ACL reconstructed vs. control), and did not affect side-to-
side quadriceps strength ratios.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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Figures illustrating the method used to determine the amplitude of evoked torque used when
calculating percent voluntary activation. The right panel (B) depicts the close-up view of the
rectangular region in the left panel (A). Voluntary activation was calculated by accounting
for the electromechanical delay between the stimulus delivery (vertical dotted line) and the
actual onset of the evoked torque (X). The amplitude of the evoked torque during MVIC
would be underestimated if the electromechanical delay was not accounted for (Y vs. Z). In
this subject, voluntary quadriceps muscle activation was 92.3% when electromechanical
delay was accounted for and 96.4% when electromechanical delay was not accounted for.
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Cumulative distribution functions of the normalized peak knee extensor torque (A), flexor
torque (B), triplet evoked knee extensor torque at rest (C), and voluntary quadriceps muscle
activation (D). Torque values were normalized to subject's body mass (continuous lines:
ACL reconstructed legs; dotted lines: ACL non-reconstructed legs; broken lines: control

legs)
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Figure 3.

Scatterplots demonstrating that quadriceps weakness after ACL reconstruction (2 to 15
years) is related to the peripheral changes in the quadriceps muscle-tendon unit. Regression
analysis revealed that side-to-side differences in electrically evoked torque at rest explained
71% of variations in knee extensor strength differences by side (A). Scatterplot
demonstrating a linear relationship between side-to-side evoked torque and peak voluntary
torque ratios (B). Side-to-side ratios are obtained by expressing values of reconstructed legs
as a ratio of non-reconstructed legs.
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Table 2

KneeInjury and Osteoarthritis Outcomes Survey scor es?

KOOS Domain ACLR Control P-value
Pain 959+3.2 995+2.1 0.002
Symptom 90.0+9.6 96.3+4.9 0.030
ADL 99.2+1.7 100.0+0.0 0.048

Sports & Recreation
Quality of Life

91.0+6.6 99.3+£26 <0.001
81.4+151 100.0+0.0 <0.001

a . . .
Data are presented as mean + SD. Higher scores in KOOS denote greater levels of function and lower knee symptoms.
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Table 3
Strength and activation profiles of ACL reconstructed and control subjects?

Variable ACLR

Non-ACLR

Control

287.2 +66.2 (253.7 - 319.9)
90.5 + 17.6 (82.2 — 99.7)
82.7 £20.9 (72.3 - 93.3)
3.67 +0.66 (3.35 - 4.02)
1.17 +0.22 (1.07 - 1.29)
1.06 + 0.20 (0.96 — 1.16)

95.6 +5.1% (92.7 — 97.8%)

10.3 + 6.4% (6.9 - 12.6%)
11,5+ 7.9% (7.2 - 14.7%)

Extensor Peak Torque
Flexor Peak Torque
Triplet Evoked torque
Normalized Extensor Torque
Normalized Flexor Torque
Normalized Triplet Evoked Torque
Voluntary Activation
Antagonist Activity

Antagonist Moment

307.3+74.1 (270.7 — 344.4)

93.7 +18.5 (84.4 — 103.2)
88.2 +22.8 (76.8 — 100.0)
3.94+0.73 (3.58 - 4.32)
1.21+0.21 (1.10 - 1.31)
112 +0.20 (1.03 - 1.23)

96.5 + 4.4% (94.3 — 98.6%)

9.5 +5.0% (7.0 - 11.9%)

13.4 +8.5% (9.0 - 17.1%)

304.1 +84.2 (261.1 - 345.7)
97.6 + 25.9 (85.0 — 110.8)
84.5+17.2 (76.0 — 93.0)
4.09 +1.02 (3.59 — 4.61)
1.32+0.32 (1.16 - 1.48)
114 +0.19 (1.04 - 1.23)

97.0 + 3.3% (95.2 — 98.5%)
12.9 + 7.5% (9.3 - 17.1%)

15.9 + 9.2% (11.8 — 21.0%)

Page 17

a ! . . . .
Data are presented as mean + SD. Values on parentheses represent 95% confidence intervals obtained from bootstrap resampling method. Units =
Peak torque, N-m; Normalized peak torque, N-m/Kg. Abbreviations = ACLR, reconstructed legs; Non-ACLR, non-reconstructed legs; Control,

control subjects' legs
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