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Context: Interactions among muscle strength, pain, and
self-reported outcomes in patients with anterior cruciate liga-
ment reconstruction (ACLR) are not well understood. Clarifying
these interactions is of clinical importance because improving
physical and psychological function is thought to optimize
outcomes after ACLR.

Objective: To examine the relationships among neuromus-
cular quadriceps function, pain, self-reported knee function,
readiness to return to activity, and emotional response to injury
both before and after ACLR.

Design: Descriptive laboratory study.
Patients or Other Participants: Twenty patients (11

females and 9 males; age ¼ 20.9 6 4.4 years, height ¼ 172.4
6 7.5 cm, weight ¼ 76.2 6 11.8 kg) who were scheduled to
undergo unilateral ACLR.

Main Outcome Measure(s): Quadriceps strength, voluntary
activation, and pain were measured at presurgery and return to
activity, quantified using maximal voluntary isometric contrac-
tions (MVICs), central activation ratio, and the Knee Injury and
Osteoarthritis Outcome Score pain subscale, respectively. Self-
reported knee function, readiness to return to activity, and
emotional responses to injury were evaluated at return to activity
using the International Knee Documentation Committee ques-

tionnaire (IKDC), ACL Return to Sport After Injury scale (ACL-
RSI), and Psychological Response to Sport Injury Inventory
(PRSII), respectively. Pearson product moment correlations and
linear regressions were performed using raw values and
percentage change scores.

Results: Presurgical levels of pain significantly predicted
31% of the variance in the ACL-RSI and 29% in the PRSII
scores at return to activity. The MVIC and pain collected at
return to activity significantly predicted 74% of the variance in
the IKDC, whereas only MVIC significantly predicted 36% of the
variance in the ACL-RSI and 39% in the PRSII scores. Greater
increases in MVIC from presurgery to return to activity
significantly predicted 49% of the variance in the ACL-RSI and
59% of the variance in the IKDC scores.

Conclusion: Decreased quadriceps strength and higher
levels of pain were associated with psychological responses in
patients with ACLR. A comprehensive approach using traditional
rehabilitation that includes attention to psychological barriers
may be an effective strategy to improve outcomes in ACLR
patients.

Key Words: quadriceps strength, return to sport, self-
reported function, psychology of injury

Key Points

� Quadriceps weakness, knee pain, and self-reported disability are commonly observed at many stages of recovery in
patients with anterior cruciate ligament (ACL) reconstruction.

� Presurgical levels of knee pain were associated with a participant’s readiness to return to functional activity and his
or her emotional response to ACL injury.

� Knee pain and quadriceps strength at return to activity were associated with self-reported knee function, readiness
to return to sport, and emotional response to injury in participants when cleared for unrestricted activity.

A
nterior cruciate ligament (ACL) ruptures are
common sporting injuries that occur in more than
250 000 Americans each year, many of whom elect

to undergo surgical reconstruction (ACLR).1 Anterior
cruciate ligament reconstruction is typically performed to
restore static knee-joint stability and is traditionally
followed by therapeutic rehabilitation focused on minimiz-
ing symptoms, restoring neuromuscular function, decreas-
ing the risk of reinjury, and allowing patients to return to
preinjury physical-activity levels.2,3 Unfortunately, quadri-
ceps dysfunction persists, with quadriceps strength4,5 and
voluntary activation6 deficits surpassing 20% at return to
activity. Furthermore, approximately 23% of patients with

ACLR will sustain a second ACL rupture,7,8 given that

these individuals continue to exhibit alterations in lower

extremity biomechanics that increase the risk of future ACL

injury.9 Knee-joint pain after ACL injury is also common

and can persist for years after surgery.10 In addition,

individuals with ACLR describe deficits in self-reported

outcomes, which are often overlooked.11 In particular,

individuals with ACLR experience impaired quality of

life12,13 and self-reported knee-joint dysfunction14 at return

to activity and in the years after surgery. Emotional

distress,15 such as changes in mood and motivation, is

common and may hinder the recovery process.16,17 Also,
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only 54% to 63% of individuals returned to preinjury
activity levels after ACLR.18,19

Interestingly, pain is one of the most commonly cited
reasons for individuals not returning to preinjury activity
levels,19 and quadriceps strength outcomes collected before
surgery20 and at return to activity21 have been associated
with a patient’s self-reported knee function. These data
have led researchers11,22 to theorize that self-reported
responses to injury are associated with rehabilitation
outcomes, such as measures of quadriceps function and
pain; however, these associations are not well understood.
Therefore, it seems likely that rehabilitation outcomes have
the potential to influence self-reported function and that this
interaction plays an important role in patients with ACL
injury.11,18

Although not thoroughly investigated after musculoskel-
etal injury, specifically ACL injury, other areas of medicine
have benefited from understanding the interaction between
physical symptoms and psychological function, such as
emotional responses to injury. In particular, psychological
interventions have had positive effects on physical
symptoms such as pain, swelling, and nausea in a wide
range of patients diagnosed with cancer,23,24 osteoarthri-
tis,25 rheumatoid arthritis,25,26 and low back pain.27

Understanding the interactions among quadriceps muscle
strength, pain, and self-reported outcomes in patients with
ACLR may aid clinicians in creating optimal treatment
approaches, which may include both therapeutic rehabili-
tation and psychological counseling, to ensure that optimal
physical and psychological recovery can occur. Given that
psychological recovery occurs simultaneously with the
restoration of physical function after ACLR, it is important
to know whether the quadriceps muscle dysfunction and
pain that athletes experience throughout rehabilitation are
related to psychological responses when they return to
activity.

Therefore, the purpose of our investigation was to
examine the contributions of (1) presurgical levels of
quadriceps strength, pain, and activation to self-reported
knee function and readiness to return to functional activity
collected when individuals with an ACLR returned to
unrestricted physical activity; (2) levels of quadriceps
strength, pain, and activation collected when individuals
with an ACLR returned to activity on self-reported knee
function, readiness to return to functional activity, and
emotional response to the injury collected at the same time
point; and (3) the changes in levels of pain, quadriceps
strength, and activation from presurgery to return to activity
on self-reported knee function, readiness to return to
functional activity, and emotional response to the injury
collected at return to activity. We hypothesized that pain
and quadriceps function would contribute to the self-
reported outcomes in individuals with ACLR in all 3 of our
aims.

METHODS

Participants

Twenty participants who sustained a unilateral ACL
injury and were currently scheduled to undergo surgical
reconstruction were recruited via 3 orthopaedic physicians
at the University of Toledo Medical Center Orthopedic

Clinic. After ACLR, all participants were entered in a
standardized rehabilitation program by the orthopaedic
surgeon and physical therapy clinic at the University of
Toledo Medical Center. Participants with a history of a
lower extremity injury other than ACLR in the last 6
months or history of any other orthopaedic surgery to either
lower extremity were excluded. Before enrollment, the
Biomedical Institutional Review Board at the University of
Toledo approved all procedures and all participants
provided written informed consent.

Procedures

Participants reported to the laboratory on 2 occasions:
before surgery (presurgery: 37.1 6 15.3 days post-initial
ACL injury) and once fully cleared for unrestricted physical
activity by their orthopaedic surgeon (return to activity:
28.3 6 2.9 weeks postsurgical reconstruction). At the
presurgery and return-to-activity time points, quadriceps
strength, voluntary activation, and levels of pain associated
with their injury were assessed. Additionally, at the return-
to-activity time point, participants completed self-reported
outcome questionnaires to assess their responses to injury,
including self-reported knee-joint function, readiness to
return to functional activity, and their emotional response to
the injury.

Quadriceps Strength and Voluntary Activation

Quadriceps strength was quantified bilaterally via
maximal voluntary isometric contractions (MVICs). Par-
ticipants were secured in an isokinetic dynamometer
(model III Pro; Biodex Medical Systems, Inc, Shirley,
NY) with their knees and hips in 908 of flexion. After a
warm-up, participants performed MVIC trials until peak
torque no longer increased, with at least 1 minute of rest
between trials. To ensure maximal effort, the torque
generated by the contraction was depicted in real time on
a custom computer software program (Visual Basic;
Microsoft Corp, Redmond, WA) and provided to the
participant for visual feedback. The analog torque signal
was collected from the dynamometer using a 16-bit, 1.25-
millisecond samples/s A-to-D conversion board (model
USB-6251; National Instruments, Austin, TX), sampled at
1000 samples/s, and displayed to the participant on a 55-cm
LCD monitor.28 Torque data were low-pass filtered at 150
Hz using a second-order Butterworth filter. The absolute
peak force of the trial that yielded the highest MVICs for
both the injured and uninjured limbs was used for analysis
and normalized to participant body mass.21 In addition, to
provide a measure of symmetry, a quadriceps strength
index was calculated by dividing the MVIC of the injured
ACL limb by that of the uninjured limb and multiplying by
100.29

Voluntary activation was measured using the central
activation ratio (CAR).30,31 Immediately after MVIC
testing, two 7- 3 13-cm self-adhesive stimulating electrodes
were positioned on the proximal vastus lateralis and the
distal vastus medialis muscles.30 An automated system was
used to trigger 125 V (100-millisecond train of 10 stimuli,
at 100 pulses per second, with a pulse duration of 0.6
milliseconds and a 0.01-millisecond pulse delay) of
electrical stimulation to the quadriceps via a square-wave
stimulator (model S48; Grass-Telefactor Corp, West
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Warwick, RI) and a stimulation-isolation unit (model
SIU8T; Grass-Telefactor Corp) while the participant
performed an MVIC.32,33 The CAR was calculated for
both limbs, using the maximal torque produced by the
participant divided by the maximal torque produced with
the electrical stimulation and multiplying by 100. To
provide a measure of symmetry, a quadriceps activation
index was also calculated by dividing the CAR of the
injured ACL limb by that of the uninjured limb and
multiplying by 100.

Pain

The pain subscale of the Knee Injury and Osteoarthritis
Outcome Score (KOOS) was used to quantitatively assess
joint pain. The 42-item KOOS is a valid and reliable
instrument that assesses disease-specific outcomes in young
and active participants with knee injuries34 using a 5-item
Likert Scale. The pain subscale (Cronbach a ¼ 0.91;
Cronbach a is a widely used, objective measure of
reliability and internal consistency for a questionnaire
scale, and a value .0.70 is considered satisfactory35)36 is
normalized and represented as a range from 0 to 100, with
greater KOOS scores representing less pain. The KOOS
pain subscale was completed during all testing sessions
(presurgery and return to activity).

Self-Reported Knee Function

When participants were cleared for unrestricted physical
activity, the International Knee Documentation Committee
self-reported questionnaire (IKDC) was used as a measure
of knee function. The IKDC is a 10-item, valid, and reliable
(Cronbach a ¼ 0.95) questionnaire that is used as a global
assessment of self-reported knee-joint function.37 A trans-
formed score is calculated for each participant using the
following equation and is represented as a single value
ranging from 0 to 100, with greater IKDC scores
representing greater self-reported knee function.38 The
IKDC was completed only during the last testing session,
when participants were cleared for unrestricted activity. To
calculate the transformed IKDC score,

IKDC Score

¼ Sum of Responses Lowest� Possible Score

Range of Scores

� �
3 100

Readiness to Return to Activity

The ACL Return to Sport After Injury scale (ACL-RSI)
was used to assess the participant’s readiness to return to
functional activities. It is a 12-item, valid, and reliable
(Cronbach a ¼ 0.92) questionnaire designed to evaluate
specific elements associated with an athlete’s readiness to
return to functional activity, including his or her confidence
in performance and risk appraisal.39 Each of the 12 items is
scored on a scale from 0 to 100, and a final score is
calculated by averaging all 12 items, with greater ACL-RSI
scores indicating that participants are more ready to return
to athletic activities. The ACL-RSI was completed only
during the last testing session, when participants were
cleared for unrestricted activity.

Emotional Response to Injury

The 19-item Psychological Response to Sport Injury
Inventory (PRSII) was used to evaluate the participant’s
psychological health and emotional response to his or her
ACL injury, surgical reconstruction, and therapeutic
rehabilitation process. It is a 19-item, valid, and reliable
(Cronbach a ¼ 0.86) assessment of an individual’s
psychological response to a sport injury, using a 5-item
Likert scale.40 The PRSII was designed to evaluate
psychological factors including feelings of devastation,
dispiritedness, reorganization, feeling cheated, and restless-
ness. Items are summed for a representative score, with
lower PRSII scores representing more positive emotions
associated with the injury.40 The PRSII was completed only
during the last testing session, when participants were
cleared for unrestricted activity.

Statistical Analysis

Initial bivariate Pearson product moment correlations
were performed between independent predictor variables
(MVIC of the injured limb, MVIC of the uninjured limb,
MVIC of the quadriceps index, CAR of the injured limb,
CAR of the uninjured limb, CAR of the quadriceps index,
KOOS pain score) at each time point and the self-reported
functional outcomes collected at return to activity (IKDC,
ACL-RSI, and PRSII scores). The correlation coefficient (r)
was classified as weak (0–0.4), moderate (0.4–0.7), or
strong (0.7–1.0).41 Pearson product moment correlations
were also performed between all predictor variables
(Appendix).

Stepwise hierarchical multiple linear regression analyses
were performed to examine the amount of variance in
IKDC, ACL-RSI, and PRSII scores at return to activity that
could be explained by the variance in each appropriate
outcome collected either at presurgery or at return to
activity (ie, multivariate predictors). The order in which the
predictor variables were entered into the respective
regression model was determined by the magnitude of the
individual simple Pearson product moment correlations.
Only predictor variables that demonstrated significant
Pearson product moment correlations were entered into
the regression models. The total R2 of the model was
reported, as well as the change in R2 that each additional
variable provided to the model.

Percentage change scores were calculated for all
variables between the time points at which they were
collected. Additional Pearson product moment correlations
and stepwise hierarchical multiple linear regression anal-
yses were performed in the same manner as described
earlier, using the percentage change scores to determine
how changes in pain and quadriceps function throughout
the injury process affected self-reported outcomes collected
at the return-to-activity time point.

All statistical analyses were performed using SPSS
(version 23.0; IBM Corp, Armonk, NY), and the level of
significance was established a priori at P � .05.

RESULTS

A total of 20 participants were included in this
investigation (11 females and 9 males; age ¼ 20.9 6 4.4
years, height ¼ 172.4 6 7.5 cm, mass ¼ 76.2 6 11.8 kg).
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Of the 20 participants, 11 underwent reconstruction using
bone-patellar tendon-bone autografts and the remaining 9
participants, hamstrings/gracilis tendon autografts. Thirteen
participants sustained concomitant meniscal damage; 7
participants underwent simultaneous meniscectomy and 6
underwent repair. Means and standard deviations, as well as
percentage change scores, for all main outcome measures
are found in Table 1.

Effects of Presurgical Pain and Quadriceps Function
on Self-Reported Outcomes at Return to Activity

No presurgical independent predictor variables were
associated with IKDC at return to activity. However, pain
at presurgery was moderately associated with both ACL-
RSI and PRSII scores collected at return to activity (Table
2.1), indicating that less pain at presurgery was associated

with a greater readiness to return to functional activity and
more positive emotions associated with the ACL injury
when participants were cleared for unrestricted activity.

Given that no presurgical variables were associated with
IKDC, no regression analysis was performed. Presurgical
KOOS pain was the only presurgical independent predictor
variable that significantly correlated with ACL-RSI (R2 ¼
0.31, P ¼ .01) and PRSII (R2 ¼ 0.29, P ¼ .01) scores;
therefore, regression models were not performed.

Effects of Pain and Quadriceps Function Collected at

Return to Activity on Self-Reported Outcomes

Collected at Return to Activity

Correlation analyses indicated that less pain and greater
levels of both injured- and uninjured-limb quadriceps

Table 1. Main Outcome Variables and Percentage Change Scores (Mean 6 SD)

Variable

Presurgery

(37.1 6 15.3 d

Postinjury)

Return to Activity

(28.3 6 2.9 wk

Postsurgery)

Percentage Change

(Presurgery to

Return to Activity)

Maximal voluntary isometric contractions, Nm/kg

Injured limb 2.04 6 0.52 2.55 6 0.66 35 6 60

Uninjured limb 2.54 6 0.62 2.77 6 0.81 11 6 36

Quadriceps index maximal voluntary isometric contractions 81.1 6 14.2 90.0 6 10.3 13 6 19

Central activation ratio, %

Injured limb 0.83 6 0.08 0.91 6 0.06 10 6 15

Uninjured limb 0.88 6 0.07 0.93 6 0.05 6 6 10

Quadriceps index central activation ratio 94.4 6 10.6 98.1 6 7.3 4 6 12

Knee Injury and Osteoarthritis Outcome Score, pain 49.8 6 9.6 82.7 6 16.5 73 6 59

International Knee Documentation Committee score 77.1 6 17.9

Anterior Cruciate Ligament Return to Sport After Injury score 67.2 6 28.1

Psychological Response to Sport Injury Inventory score 28.5 6 5.8

Table 2. Pearson Product Moment Correlations

Variable

Score at Return to Activity (P Value)

International Knee

Documentation Committee

Anterior Cruciate

Ligament Return to

Sport After Injury

Psychological Response to

Sport Injury Inventory

Table 2.1: Presurgery Pain and Quadriceps Function

Maximal voluntary isometric contractions

Injured limb 0.36 (.16)a 0.32 (.15) �0.09 (.68)

Uninjured limb 0.33 (.15) 0.37 (.10) �0.08 (.72)

Quadriceps index 0.07 (.75) 0.08 (.72) �0.11 (.63)

Central activation ratio

Injured limb 0.26 (.34) 0.24 (.29) �0.35 (.12)

Uninjured limb 0.04 (.84) 0.35 (.13) �0.16 (.50)

Quadriceps index 0.25 (.28) 0.06 (.78) �0.22 (.35)

Knee Injury and Osteoarthritis Outcome Score, pain 0.25 (.28) 0.56 (.01)b �0.54 (.01)b

Table 2.2: Return-to-Activity Pain and Quadriceps Function

Maximal voluntary isometric contractions

Injured limb 0.72 (,.001)b 0.60 (.005)b �0.59 (.01)b

Uninjured limb 0.51 (.02)b 0.51 (.02)b �0.50 (.02)b

Quadriceps index 0.14 (.54) 0.08 (.73) �0.02 (.92)

Central activation ratio

Injured limb 0.11 (.64) 0.02 (.92) �0.09 (.67)

Uninjured limb 0.09 (.70) 0.02 (.92) �0.05 (.83)

Quadriceps index 0.02 (.93) 0.01 (.97) �0.12 (.60)

Knee Injury and Osteoarthritis Outcome Score, pain 0.79 (,.001)b 0.52 (.01)b �0.51 (.02)b

a Correlation coefficients (r) classified as weak (0–0.4), moderate (0.4–0.7), or strong (0.7–1.0).
b Significant at P � .05.

340 Volume 53 � Number 4 � April 2018



strength collected at return to activity were associated with
greater knee-joint function, greater readiness to return to
functional activity, and more positive emotions connected
to the injury process (Table 2.2). The multiple regression
model using the injured- and uninjured-limb KOOS pain
score and MVIC collected at return to activity significantly
predicted 74% of the variance in IKDC; however, the
KOOS pain score and injured-limb MVIC significantly
predicted 73% of the variance, with the uninjured-limb
MVIC adding an insignificant 1% to the model (Table 3.1).
The same 3 variables also collectively explained 37% of the
variance in ACL-RSI score; however, this model was
driven by injured-limb MVIC values (36%), with insignif-
icant contributions from the KOOS pain score (0%) and
uninjured-limb MVIC (1%; Table 3.2). Last, the same
variables collectively explained 42% of the variance in
PRSII; however, this model was also driven by injured-limb
MVIC values (35%), with insignificant contributions from
the KOOS pain score (4%) and uninjured-limb MVIC (3%;
Table 3.3).

Effects of Changes in Pain and Quadriceps Function
on Self-Reported Outcomes Collected at Return to
Activity

Independent predictors of the changes in KOOS pain
score (r ¼ 0.50, P ¼ .02) and injured-limb (r ¼ 0.77, P ,
.001) and uninjured-limb (r¼ 0.70, P , .001) MVIC were
correlated with IKDC score, indicating that greater
reductions in pain and greater increases in both injured-
and uninjured-limb quadriceps strength from presurgery to
return to activity were associated with greater self-reported
knee function collected at return to activity. The overall
regression model, using multivariate predictors of percent-
age change in pain and injured- and uninjured-limb
quadriceps strength predicted 59% (R2 ¼ 0.59, P ¼ .02) of
the variance in IKDC score collected at return to activity.
However, this model was driven by the change in injured-
limb MVIC (59%), with insignificant contributions from

the KOOS pain score (0%) and uninjured-limb MVIC (0%;
Table 4.1).

Independent predictors of the changes in injured-limb (r
¼ 0.68, P ¼ .004) and uninjured-limb (r ¼ 0.60, P ¼ .001)
MVIC were correlated with the ACL-RSI score, indicating
that greater increases in the strength of both the injured and
uninjured quadriceps from presurgery to return to activity
were also associated with a greater readiness to return to
functional activity collected at return to activity. The
overall regression model using the percentage change in
injured- and uninjured-limb quadriceps strength predicted
49% (R2 ¼ 0.492, P ¼ .03) of the variance in ACL-RSI
scores; however, this model was driven by the change in
injured-limb MVIC (46%), with an insignificant contribu-
tion from uninjured-limb MVIC (3%; Table 4.2).

DISCUSSION

The purpose of our investigation was to examine the
contributions of pain and function on self-reported
outcomes in participants with ACL injuries. Specifically,
we sought to identify the contributions of pain and
quadriceps function, individually at presurgery and at
return to activity, on self-reported knee function, readiness
to return to functional activity, and emotional response to
ACL injury, collected at return to activity. We observed
that lower levels of presurgical pain were associated with a
participant being more ready to return to functional activity
and having more positive emotions about the ACL injury
process. Furthermore, lower levels of pain in addition to
greater levels of quadriceps strength at return to activity
were associated with greater knee-joint function. Greater
levels of injured-limb quadriceps strength at return to
activity also significantly contributed to a greater readiness
to return to functional activity and more positive emotions
connected to the injury. We observed that those who
experienced greater increases in quadriceps strength from
presurgery to return to activity were more ready to return to
functional activity and reported greater levels of knee
function.

Previous researchers20 observed that presurgical quadri-
ceps strength was associated with IKDC scores at 6 months
postsurgery; however, we did not find a significant
association between presurgical levels of pain or quadriceps
function and IKDC scores at return to activity. The strength

Table 3. Regression Analyses Performed Using Predictor

Variables at the Return-to-Activity Time Point to Explain Variance in

the International Knee Documentation Committee Form, Anterior

Cruciate Ligament Return to Sport After Injury Inventory, and

Psychological Response to Sport Injury Inventory Results

Step Variable R 2 Value

DR 2 Value

(P Value) P Value

3.1 International Knee Documentation Committee Form

1 KOOS pain 0.63a 0.63a (,.001) ,.001

2 MVIC injured limb 0.73a 0.10a (.02) ,.001

3 MVIC uninjured limb 0.74a 0.01 (.40) ,.001

3.2 Anterior Cruciate Ligament Return to Sport After Injury Inventory

1 MVIC injured limb 0.36a 0.36a (.005) .005

2 KOOS pain 0.36a 0.00 (.72) .02

3 MVIC uninjured limb 0.37a 0.01 (.75) .05

3.3 Psychological Response to Sport Injury Inventory

1 MVIC injured limb 0.35a 0.35a (.01) .01

2 KOOS pain 0.39a 0.04 (.32) .01

3 MVIC uninjured limb 0.42a 0.03 (.44) .03

Abbreviations: KOOS, Knee Injury and Osteoarthritis Outcome
Score; MVIC, maximal voluntary isometric contraction.
a Significant at P � .05.

Table 4. Regression Analyses Performed Using Change in Level

of Pain and Quadriceps Strength to Explain Variance in the

International Knee Documentation Committee Form, and Anterior

Cruciate Ligament Return to Sport After Injury Inventory at the

Return-to-Activity Time Point

Step Variable R 2 Value

DR 2 Value

(P Value) P Value

4.1 International Knee Documentation Committee Form

1 DMVIC injured limb 0.59a 0.59a (,.001) ,.001

2 DMVIC uninjured limb 0.59a 0.00 (.82) .01

3 DKOOS pain 0.59a 0.00 (.84) .02

4.2 Anterior Cruciate Ligament Return to Sport After Injury Inventory

1 DMVIC injured limb 0.46a 0.46a (.004) .004

2 DMVIC uninjured limb 0.49a 0.03 (.38) .03

Abbreviations: KOOS, Knee Injury and Osteoarthritis Outcome
Score; MVIC, maximal voluntary isometric contraction.
a Significance at P � .05.
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of the association found in the current study between
preoperative quadriceps strength and IKDC score at return
to activity (R2 ¼ 0.13) was similar to that reported by
Logerstedt et al20 (R2 ¼ 0.11). In addition, we observed a
significant relationship between the change in the strength
of both the injured and uninjured quadriceps from
presurgery to return to activity and IKDC scores at return
to activity, highlighting the potential clinical effect of
presurgical quadriceps strength as well as the importance of
intervening and maximizing muscle strength from presur-
gery to return to activity.

The pain score and injured- and uninjured-limb quadri-
ceps strength collected at return to activity were all
independent predictors of a participant’s self-reported knee
function, also collected at return to activity. However,
levels of pain (partial r ¼ 0.655) and quadriceps strength
(partial r¼ 0.501) of the involved limb appeared to be the
most influential factors, because the addition of uninjured-
limb strength provided an insignificant increase of 1% of
the predictive capabilities of the regression model (final
regression equation: y¼ 0.014þ 0.617 [KOOS pain score]
þ 10.196 [Injured MVIC]; Table 3.1), likely due to the
collinearity of quadriceps strength between limbs (r¼ 0.82,
P ¼ .001).

Pain has previously been associated with IKDC scores at
various time points during ACL rehabilitation.42 Chmie-
lewski et al42 reported a correlation between pain and self-
reported knee function when ACLR participants returned to
full physical activity (R2 ¼ 0.67) that was similar to what
we found (R2 ¼ 0.62). However, ours is the first
investigation to identify both pain and quadriceps strength
at return to activity as significant contributors to self-
reported knee disability, collectively predicting 73% of the
variance in IKDC scores. This is an important clinical
observation, given that nearly three-quarters of a partici-
pant’s self-reported disability, at the time he or she was
cleared for unrestricted physical activity by the physician,
could be explained by the 2 clinically modifiable factors of
pain and quadriceps strength.

Additionally, pain before surgery contributed to both a
participant’s readiness to return to functional activity and
his or her emotional response to injury after ACLR. This
finding implies that a participant may self-reflect on pre-
operative symptoms when considering his or her perceived
ability to return to functional activity and emotions
regarding the injury once ultimately cleared for unrestricted
physical activity.15,17,42 We find it interesting that a
participant may have psychological reactions at return to
activity in response to physical factors that were measured
at presurgery, even though the factors and reaction were
separated by surgical reconstruction and therapeutic
rehabilitation. Quadriceps strength at return to activity,
similar to level of pain at presurgery, was an independent
predictor of a participant’s readiness to return to functional
activity and his or her emotional response to injury. In fact,
quadriceps strength at the return-to-activity time point
appeared to be a more influential predictor than level of
pain at this time point, because pain insignificantly
contributed 0% to 4% to IKDC and PRSII scores at return
to activity (Table 3.2 and 3.3). Therefore, quadriceps
strength is an important component of a participant’s self-
reported knee function, and it appears to be more important
than pain to a participant’s readiness to return to activity

and emotional response to that injury. Quadriceps strength
and voluntary activation have been shown to contribute to
physical function43; therefore, adequate quadriceps function
may lead to greater participant confidence in performance
of functional activities. It is logical to assume that a greater
ability to complete functional tasks would lead to an
increase in a participant’s perceived readiness to return to
activity after injury. For instance, previous investiga-
tors15,17,43 have linked functional ability to more positive
emotions associated with the injury, thus increasing athlete
self-confidence in the ability to return fully. Sports
medicine professionals have been encouraged to consider
multiple factors when making return-to-play decisions,44

and the evidence presented here suggests that quadriceps
strength and level of pain may be important components in
a successful return to physical activity. In contrast,
approximately 60% of the variance in readiness to return
to activity was not explained by pain and strength alone.
Further research is warranted to evaluate other physical (eg,
past medical history, functional tests, range of motion,
extent of damage) and psychological (eg, type of sport and
position played, competition level, fear of reinjury, external
pressure) outcomes that may influence a participant’s
perceived ability to return to activity.

Aside from isometric quadriceps strength, no measure of
quadriceps function was associated with any of the
psychological outcomes. Quadriceps activation has previ-
ously been identified as a moderator of the relationship
between quadriceps strength and physical function43; thus,
it was plausible to expect a significant association in the
current study. Furthermore, symmetry in quadriceps
strength has previously been associated with performance
during hopping tasks29; however, we were unaware of any
investigation that has established a relationship between
symmetry in voluntary activation and levels of self-reported
function. Hence, it is possible that maximal strength output
is a better indicator of patient-reported outcomes; however,
additional study is needed to understand the influences of
voluntary activation and quadriceps strength limb symme-
try on psychological function.

Our results provide further evidence for an association
among pain related to quadriceps strength and self-reported
outcomes after ACL injury and reconstruction. Others16,45

have suggested that improving psychological outcomes in
ACL participants, such as self-reported knee function,
readiness to return to functional activity, fear of reinjury,
and emotional responses to injury, would help to increase
the percentage of athletes who return to preinjury activity
levels and aid in decreasing reinjury rates. These findings
and others16,45,46 offer evidence that physical and psycho-
logical factors interact in patients with ACL injuries,
further supporting the view that clinicians should gain a
stronger understanding of the interventions that directly
affect the patient’s psychological outcomes, while also
understanding when psychological referral may be neces-
sary.45–47 Previous research on patients with arthritis25 and
low back pain27 has demonstrated that those participating in
psychological counseling experienced better outcomes than
those who did not. It is interesting that psychological
counseling not only improved psychological measures,
such as anxiety and quality of life, but also appeared to
have beneficial effects on pain and swelling.25–27 Although
the exact mechanism behind this association remains
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unknown, the observed relationship between physical and
psychological factors ultimately suggests that collaboration
between medical and psychological professionals may be
the most beneficial approach to ensuring holistic recovery
and successful return to activity. Whereas some psycho-
logical interventions have demonstrated positive benefits
(eg, guided imagery, relaxation training, acceptance, and
commitment therapy), we need to develop effective and
realistic interventions that athletic trainers, physicians, and
physical therapists, as well as other health care providers,
can implement to improve post-ACL physical and psycho-
logical outcomes.45 Future investigations are needed to
fully explore the role of psychological interventions in
rehabilitation for patients with ACL injuries.

Although we obtained a psychological assessment of
each participant’s readiness to return to functional
activity, we did not assess whether participants returned
to their preinjury level of physical activity. Instead, our
data assessed how the participant perceived his or her
readiness to accomplish functional tasks at the time point
of clearance for unrestricted physical activity. However,
participants did complete a Tegner Activity Level Scale48

at the return-to-activity time point, with a reported mean
score of 5.4 6 0.60, indicating that, on average,

participants in the current study returned to some level
of competitive or recreational sport. Also, we included
only participants who had sustained their first ACL injury.
First-time injured athletes are predisposed to experiencing
more stress and are overall less confident than athletes
who have had a history of injury.49 Future researchers
could examine the association between physical and
psychological factors among first-time injured participants
and those with repetitive injuries.

CONCLUSIONS

Presurgical levels of pain were associated with a
participant’s readiness to return to functional activity and
his or her emotional response to ACL injury. In addition,
pain and quadriceps strength at return to activity were
independently, but not collectively, associated with self-
reported knee function, readiness to return to sport, and
emotional response to injury in ACLR participants when
cleared for unrestricted activity by their orthopaedic
surgeon. These results provide evidence that the level of
pain and MVIC at the time of return to activity collectively
contributed to the IKDC score.
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