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ABSTRACT

Background: Quadriceps weakness is a predictor of long-term knee function and strength recovery can vary from months to years
after anterior cruciate ligament reconstruction (ACLR). However, few studies evaluate quadriceps strength and self-reported func-
tion within the first several weeks after ACLR.

Hypothesis/Purpose: To examine changes over time in quadriceps strength symmetry, quadriceps peak torque, and self-reported
knee function prior to and at six, 12, and 24 weeks post-ACLR. The hypotheses were 1) quadriceps strength symmetry, bilateral
quadriceps peak torque, and patient-reported function would improve over time from pre-ACLR to 24 weeks post-ACLR and 2)
significant improvements in patient-reported function, but not strength symmetry, would occur between time points.

Study Design: Prospective, cohort study

Methods: Thirty participants completed four testing sessions: pre-surgery and six, 12, and 24 weeks post-ACLR. Isometric quadri-
ceps strength testing was performed at six weeks and isokinetic quadriceps strength was measured at all other testing points.
Quadriceps index was calculated to evaluate between limb quadriceps strength symmetry. The Knee injury and Osteoarthritis
Outcome Score (KOOS) and International Knee Documentation Committee Subjective Knee Evaluation Form (IKDC) were admin-
istered at each time point. A repeated-measures analysis of variance evaluated changes over time, with post-hoc comparisons to
determine at which time-point significant changes occurred.

Results: Quadriceps strength symmetry, involved limb quadriceps peak torque and all patient-reported outcome scores increased
over time (p<0.02). Post-hoc tests showed that neither self-reported outcomes, nor quadriceps index improved between pre-sur-
gery and six-weeks post-ACLR. From six to 12 weeks post-ACLR, scores on IKDC and KOOS Pain, Symptoms, Quality of Life, and
Sport subscales improved (p<0.003). From 12 to 24 weeks post-ACLR, quadriceps strength symmetry, involved limb quadriceps
peak torque, KOOS-Symptoms, Quality of Life, and Sport subscales and the IKDC improved (p<0.01). Uninvolved limb quadriceps
peak torque did not change across any time point (p>0.18).

Conclusion: Patient-reported knee function increased between six and 24 weeks post-ACLR, while increases in involved limb
quadriceps strength and quadriceps strength symmetry were not noted until 12-24 weeks post-ACLR.

Level of Evidence: 2b, individual cohort study
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INTRODUCTION

Tens of thousands of athletes every year suffer an
anterior cruciate ligament (ACL) injury resulting in
devastating functional outcomes.! ACL reconstruc-
tion (ACLR) is the primary management strategy
to restore knee joint stability and facilitate return
to sports. Gait abnormalities, changes in neuro-
muscular activation patterns, loss of knee motion,
and quadriceps muscle weakness are characteristic
impairments after acute ACL injury.”® Even after
ACLR and extensive, criterion-based rehabilitation,
these impairments persist and can significantly
inhibit high-level knee function.'*!?

The acute loss of quadriceps strength is omnipres-
ent following acute ACL rupture'*'> and is negatively
associated with pre-operative'®''® and post-operative
knee function.”'*'718 Quadriceps strength symmetry
less than 85% are associated with reduced dynamic
knee stability,'”"® reduced knee joint excursions
and external knee flexion moments during gait,'**
and poorer self-reported knee function.”'''* How-
ever, athletes who sustain unilateral ACLR demon-
strate similar impairments on the contralateral limb,
including decreased quadriceps strength* and activa-
tion,* lower knee extension moments during gait,*
and decreased performance on unilateral functional
tasks.”? Therefore, additional attention to changes in
individual limb strength changes may provide clarity
in recovery of quadriceps strength symmetry.

Quadriceps weakness is a predictor of worse long-
term knee function®**® and strength recovery can
vary from months to years after ACLR.%!7183234
Few studies evaluate quadriceps strength and self-
reported function within the first several weeks
after ACLR.*% The majority of current longitudinal
data examine changes in strength and function after
ACLR beginning three to six months post-opera-
tively, 101116193841 and indicate that 27-52% of patients
do not recover symmetrical quadriceps strength by
six months post-operatively, with 12-21% not able
to achieve strength symmetry milestones even 12
months after ACLR.'®** Athletes who do not meet
strength symmetry milestones may present with
impaired knee biomechanics,' dynamic knee func-
tion,”® and importantly, may be at risk for a sec-
ond injury.*® Multiple studies have demonstrated
that pre-operative quadriceps strength predicts

post-operative outcomes”* and therefore, it is pos-
sible to consider that early quadriceps strength
metrics post-ACLR may also affect long term post-
operative outcomes. Due to the significant negative
prognostic implications, further investigation of the
recovery of quadriceps strength and knee-related
function in the early post-operative phases of reha-
bilitation may help to identify individuals who are
not meeting rehabilitation milestones and help pre-
vent delayed quadriceps strength recovery. Addition-
ally, patient perception of function does not always
reflect knee function;*** therefore, early evaluation
of these metrics may provide insight to patient’s
perception of knee function and help clinicians pro-
vide appropriate education during the early phase of
recovery. The purpose of this study was to examine
changes over time in quadriceps strength symme-
try and knee-related function pre-operatively and
at six, 12, and 24 weeks post-ACLR. The hypotheses
were 1) quadriceps strength symmetry, bilateral
quadriceps peak torque, and patient-reported func-
tion would improve over time from pre-ACLR to 24
weeks post-ACLR and 2) significant improvements
in patient-reported function, but not strength sym-
metry, would occur between time points.

METHODS

Participants: Individuals with acute primary, unilat-
eral ACL ruptures between the ages of 14-50 years
were recruited from a larger randomized controlled
trial for this prospective cohort study. The Ohio State
University Human Subjects Review Board approved
this study protocol and all eligible participants and/
or guardians provided written informed consent. For
the larger randomized controlled trial, ACL rupture
was confirmed through positive Lachman, anterior
drawer, or pivot shift tests and magnetic resonance
imaging findings and participants were scheduled
for ACLR. For this study, individuals were eligible
if they participated in IKDC Level 1I/1I cutting, piv-
oting, jumping, and lateral movement sports for at
least 50 hours per year prior to their injury,**” and
had no previous lower extremity or lumbar spine
injury history. Individuals were excluded if they
presented with the following concomitant injuries:
contralateral ACL rupture, chondral defects requir-
ing surgical treatment, or concurrent grade III liga-
mentous injuries.
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Surgery and Post-Operative Rehabilitation: ACLR
was performed by one of three sports medicine
fellowship-trained surgeons in an ambulatory set-
ting. Arthroscopic anatomic single bundle ACLR
was performed using a hamstring autograft. Femo-
ral fixation was achieved using a cortical button and
tibial fixation was performed with an interference
screw. Tourniquets were not used during the pro-
cedure. No post-operative bracing was used. Sub-
jects initiated formal rehabilitation within one week
of surgery. Rehabilitation was standardized using
ACLR criterion-based rehabilitation guidelines based
on the Multicenter Orthopedic Outcomes Network
(MOON) recommendations.”**® The rehabilitation
guidelines in the acute phase of recovery focuses on
reducing pain and effusion, restoring knee exten-
sion range of motion, initiating quadriceps activa-
tion and strength, and normalizing gait. Effusion
management, quadriceps strengthening and restora-
tion of full, symmetrical active knee range of motion
continues through the sub-acute phase, while late
phase rehabilitation focuses on power generation
through quadriceps, hamstrings and gluteus muscu-
lature as well as incorporating unilateral dynamic
stability tasks. Athletes were individually progressed
through rehabilitation based on achievement of spe-
cific clinical criteria.

Quadriceps Strength Testing Procedures: The testing
sessions were conducted at The Ohio State Univer-
sity Sports Medicine Research Institute and four
testers were trained on the assessment protocols.
Quadriceps strength was quantified with isometric
and isokinetic dynamometry (Biodex System III, Bio-
dex Medical Systems, Shirley, NY) with procedures
shown to provide reliable and valid measures of
quadriceps strength after ACL injury and ACLR.325!?
For this study, concentric isokinetic testing of the
quadriceps (60°/second) was used pre-ACLR and at
12 and 24 weeks post-ACLR to record peak torque
(ft/1bs). In order to prevent excessive strain on the
ACL graft at the 6-week post-ACLR testing session,
isometric testing of the quadriceps with the knee
flexed to 90° was used to measure peak volitional
torque. Participant positioning was the same for
both isokinetic and isometric testing procedures.
Participants were seated on the dynamometer with
the hips at 90° of flexion and pelvis secured with

chest and waist straps, femoral straps secured the
distal femur, and a tibial strap secured two finger-
widths superior to the medial malleoli.

At six weeks post-ACLR, isometric quadriceps
strength testing was performed with the knee fixed
at 90° of flexion. Two practice test repetitions were
performed prior to five test repetitions. Participants
were verbally encouraged to “kick, kick, kick,” dur-
ing each isometric contraction for five seconds with
20 seconds of rest between repetitions. Two test sets
were performed, first on the uninvolved limb fol-
lowed by the involved limb. The highest peak torque
values from each limb were normalized to body
weight and used to calculate quadriceps index (QI)
[(involved limb peak torque/uninvolved limb peak
torque) x 100%].

Isokinetic testing was performed at pre-ACLR and
at 12 and 24 weeks post-ACLR. Participants were
instructed to actively extend and flex the knee with
maximal effort between 10° of knee extension to
100° of knee flexion “as hard and as fast” as they
could. Two practice repetitions were conducted fol-
lowed by two test sets consisting of five repetitions
of knee flexion and extension at 60°/second. Each
test set was followed by 90 seconds of rest. This pro-
cedure was performed first on the uninvolved limb
and then the involved limb. Testers provided strong
verbal encouragement to the subject during each
test to “kick, kick, kick,” during quadriceps activa-
tion to elicit maximal effort during extension repeti-
tions. Quadriceps peak torque values were recorded
for both test sets. For each test limb, the highest peak
torque values of the two sets for knee extension was
used in data analysis to represent the subject’s best
effort. The highest peak torque values from each
limb were normalized to body weight and were used
to calculate QI.

Self-Reported Outcome Measures: To measure knee-
related function, two patient-reported outcome
measures were administered at each testing session.
The Knee injury and Osteoarthritis and Outcome
Score (KOOS) evaluated knee-related function in the
areas of symptoms and stiffness (Symptoms), pain
(Pain), activities of daily living (ADL), sport and rec-
reation (Sport), and quality of life (QOL) with each
subset scored independently (0-100). The KOOS is
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a validated outcome measure for use with athletes
after ACLR to document change in perceived func-
tion with higher scores representing higher func-
tional status® and was used to assess the different
aspects of function after ALCR. The International
Knee Documentation Committee Subjective Knee
Evaluation Form (IKDC) evaluated knee-related
function with higher scores indicating higher func-
tion (0-100). The IKDC is a validated and reliable
functional outcome tool for athletes after ACLR as
well as healthy individuals.>*% The IKDC was admin-
istered in addition to the KOOS to capture values for
overall knee-related function and for comparative
analysis with currently published ACLR research.

STATISTICAL ANALYSIS

Mean and standard deviations were calculated for
quadriceps peak torque for each limb, QI and all
patient-reported outcomes at each time point (pre-
operative, 6 weeks, 12 weeks, and 24 weeks post-
ACLR). Repeated measures analysis of variance
(ANOVA) determined whether mean values of quad-
riceps peak torque (pre-ACLR, 12 and 24 weeks post-
ACLR only), QI, KOOS subscales and IKDC score
changed over time. If appropriate, post-hoc testing was
performed with paired t-tests to determine the time
point at which significant changes in quadriceps peak
torque, QI, KOOS, and IKDC occurred. Statistical sig-
nificance was defined as a p-value less than 0.05, with
adjustments made for multiple comparisons using a
Bonferroni correction. Effect sizes (ES) were also cal-
culated at each time point (small d=0.2; medium:
d=0.5; large: d=0.8).*° All available data were used in
the analysis of change over time, including early time
point data from subjects lost to later follow-up.

Required sample size was estimated a priori using
G-power 3.1 (http://www.psycho.uni-duesseldorf.
de/abteilungen/aap/gpower3/) and previous work*
reporting early changes in patient-reported func-
tion post-ACLR. Using an alpha level of 0.05 and
desired power of 0.90, 16 subjects were needed to
demonstrate significant change over time in patient-
reported function.

RESULTS
Thirty individuals (Table 1) participated. Over the
course of the study, seven participants missed at

Table 1. Subject Demographics.

Subjects N=30

Sex 20 males
10 females

Age (year) 22.2+09.1

Height (meters) 1.7+0.1
Weight (kilograms) 77.8 +15.7

Body Mass Index (kilograms/meter?) 263+4.9

Time from Injury to ACLR (months) 22+34

Time from Pre-ACLR testing to ACLR (days) 25+1.9

ACLR= Anterior cruciate ligament reconstruction
Pre-ACLR
n=30
6 week:zogst-ACLR Moved (n=1)

12 weeks post-ACLR Lost to follow up

n=28 (n=1)
Lost to follow up
24 weeks post-ACLR (n=3)
n=23 Metatarsal fracture

(n=1)
Graft rupture (n=1)

Figure 1. Participation flow chart.

least one testing session and 23 participants (76.7%)
completed all testing time-points (Figure 1).

Quadriceps Peak Torque (Table 2, Figure 2): Six-week
data were not included in this analysis given the
different testing modes (isokinetic versus isomet-
ric) and impact on peak torque. From pre-ACLR
to 24 weeks post-ACLR, involved quadriceps peak
torque improved (p = 0.019). There was no change
in involved quadriceps peak torque from pre-ACLR
to 12 weeks post-ACLR (1.39-1.36 Nm/Kg, p =0.59).
Involved limb quadriceps peak torque significantly
increased from pre-ACLR to 24 weeks post-ACLR
(1.39 to 1.54 Nm/Kg; p=0.03; ES=0.30) and from 12
to 24 weeks post-ACLR (1.36-1.54 Nm/Kg; p=0.01;
ES=0.35). There was no significant change in
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Table 2. Strength and patient-reported function from pre-ACLR to 24 weeks post-ACLR.

Pre-ACLR (n=30) Six weeks post-ACLR (n=29) 12 weeks post-ACLR (n=28) 24 weeks post-ACLR (n=23)
% of participants % of participants % of participants % of participants
Mean + SD Mean = SD Mean + SD Mean + SD
at 90 at 90 at 90 at 90
Involved QF
1.390 + 0.48 1.36 £ 0.60 1.36 £ 0.52 1.54 +0.52F
PT (Nm/kg)
Uninvolved
QF PT 1.78 £0.43 1.96 + 0.54 1.74 +0.47 1.74 +0.45
(Nm/kg)
Ql (%) 78+ 21 23 7127 10 74+ 19 18 84+ 198 44
KOOS Pain 747 £11.1 7 79.1+13.7 14 89.0 + 11* 50 93.0+16.8 74
KoOs 3 4 . 15 48
67.5+18.9 68.7 + 15.5 81.3£13.7 89.1+8.9
Symptoms
KOOS ADL 87.0+ 9.4 53 92.3+8.7 71 96.8 + 6.0 9% 98.9+2.3 100
KOOS Sport 50.6 +19.4 3 49.3 +18.2 4 73.2£17.8* 32 83.0£20.5 P 61
KOOS QoL 44.3+18.4 0 46.9+21.9 0 58.3+20.2* 4 67.9+£223P 22
IKDC 55.4 + 13.4 0 60.1+11.6 0 73.6 + 11.9* 11 85.3+12.3F 52
ACLR= anterior cruciate ligament reconstruction; SD= standard deviation; QF= quadriceps femoris muscles; PT= peak torque; QI=
Quadriceps Index; KOOS= Knee injury and Osteoarthritis Outcomes Score; ADL= activities of daily living; QOL= quality of life;
IKDC= International Knee Documentation Committee Subjective Knee Form.
*Significant changes between 6 to 12 weeks. PSignificant change between 12-24 weeks

3 -
2.5 A
2 4
F e - P
s & 4 4
5.2
= E 1:5:74 *
52
o l l ~——Involved Quad
1
Y —B— Uninvolved Quad
0.5 #
)
Pre-op 12 weeks 24 weeks

Figure 2. Changes in Quadriceps Peak Torque Over Time.
Changes in quadriceps peak torque (Newton Meters/Kilo-
gram) for involved and uninvolved limb from pre-ACLR to 24
weeks post-ACLR. *Significant changes in quadriceps peak
torque between adjacent time points (p<0.05)

# Significant change in involved quadriceps peak torque from
pre-ACLR to 24 weeks post-ACLR (p<0.05).

uninvolved limb quadriceps peak torque over time
(p = 0.57).

Quadriceps Strength  Symmetry (Table 2, Figure
3): Across all study visits, QI improved over time
(p<0.0001) and at final follow-up was an average
of 84 + 19%. Post-hoc analysis showed that QI did
not improve from pre-ACLR (78 + 21%) to six weeks
post-ACLR (71 + 27%; p =0.17) or from six to 12
weeks post-ACLR (74 + 19%; p = 0.65). At six- and
12-weeks post-ACLR, 10% and 18% of participants,
respectively, met 90% QI indicating nearly symmet-
rical quadriceps strength symmetry. A significant
increase in QI was observed from 12 weeks to 24
weeks post-ACLR (p = 0.005; ES = 0.53), with 44%
of participants demonstrating 90% QI at 24 weeks
post-ACLR. Mean QI at 24 weeks post-ACLR was not
different from the mean pre-operative QI (p=0.057).
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Figure 3. Changes in Quadriceps Index over time. Changes
in QI Over Time. Changes in Quadriceps Index (QI) from pre-
ACLR to 24 weeks post-ACLR. B Significant change from six
weeks post-ACLR to 24 weeks post-ACLR. (p < 0.005), *Sig-
nificant changes in QI denoted from 12 to 24 weeks post-
ACLR (p < 0.005).

100.0 %
80.0
60.0 -
40.0

200

0.0

Pre- op 6 week 12 week 24 weeks

Figure 4. Changes in the International Knee Documenta-
tion Committee subjective knee form from pre-ACLR to 24
weeks post-ACLR. *Significant changes denoted between six
and 12 weeks and 12 and 24 weeks post-ACLR (p < 0.001).

Self-Reported Outcomes (Table 2, Figures 4 and 5):
The KOOS subscales and IKDC score improved over
time (p<0.0001). Post-hoc analysis showed that IKDC
score and KOOS subscales did not change between
the pre-operative and 6-week post-ACLR time points
(p = 0.6). Significant improvements were observed
from six to 12 weeks post-ACLR in IKDC scores
(p<0.0001; ES = 1.2) and KOOS-Pain (p=0.003;
ES=0.80), Symptoms (p=0.0002; ES=0.86), QOL
(p=0.003; ES= 0.54) and Sport subscales (p=0.0001;
ES= 1.7). From the 12 to 24-week time points, scores

100

80

—e— KOOSADL
++@-+ KOOS Pain
e KOOS Sport
=x=KOOS QOL

—o KOOS
Symptoms

Percentage %

40

20

Pre-op 6 weeks 12 weeks 24 weeks

Figure 5. Changes in the Knee injury and Osteoarthritis
Outcomes Score over time. Changes in Knee Injury and Osteo-
arthritis Outcomes Score (KOOS)-Activities of Daily Living
(ADL), Pain, Sport, Quality of Life (QOL) and symptoms sub-
scales from pre-ACLR to 24 weeks post-ACLR; *Significant
changes in KOOS- Pain subscales from six to 12 weeks (p =
0.003); *Significant changes in KOOS-Symptoms, Sport and
QOL subscales (p < 0.002)

improved on the IKDC (p<0.0001; ES=0.97), KOOS-
Symptoms (p=0.0001; ES=0.68), QOL (p=0.001;
ES=0.45), and Sport (p=0.001; ES=0.97). IKDC
scores and all KOOS subscales improved from pre-
ACLR to 12-weeks post-ACLR (p<0.001), from six to
24-weeks post-ACLR (p<0.001) and from pre-ALCR to
24 weeks post-ACLR (p<0.001).

DISCUSSION

The purpose of this study was to evaluate the changes
in quadriceps strength symmetry, bilateral quadri-
ceps peak torque, and knee-related function prior to
ACLR and at six, 12, and 24 weeks post-ACLR. The
hypothesis was that quadriceps peak torque, quad-
riceps symmetry, and self-reported knee function
would improve over time and significant improve-
ment in patient-reported knee function, but not
strength symmetry, would be observed at each time
point. Consistent with the study hypothesis, all vari-
ables improved over time. Significant improvements
in patient-reported knee function occurred from six
to 12 weeks and 12 to 24 weeks post-ACLR while
improvements in quadriceps symmetry did not
occur until the 12-24-week time point.

The loss of quadriceps strength is pervasive after
ACL injury.'*!"® The vast majority of literature begins
to evaluate strength at 24 weeks post-ACLR!16:3857.58
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while little is known about quadriceps recovery in
the early post-operative phase. Only two other stud-
ies*¥” have evaluated changes in strength in the first
three months after ACLR. In this cohort, there were
no significant improvements in QI from pre-ACLR to
six weeks post-ACLR or six to 12 weeks post ACLR.
Similarly, quadriceps peak torque did not improve
from pre-ACLR to 12 weeks post-ACLR. Harput et al.?’
observed significant improvements in involved
quadriceps strength at four, eight and 12 weeks post-
ACLR with significant improvements in QI between
four and eight weeks but not between eight and 12
weeks post-ACLR. Similarly, Chmielewski et al.*®
observed QI improvements between one and six
weeks post-ACLR but not between six and 12 weeks
post-ACLR. Varied restoration of quadriceps strength
after ACLR makes it difficult to predict timelines
for full recovery.!%!7183334 The lack of progressive
improvement is interesting considering rehabilita-
tion efforts focus on improving quadriceps strength
during this time frame. This may indicate that reha-
bilitation efforts during this phase of recovery are
insufficient or it may represent the slower natural
recovery of the quadriceps muscle following ACLR.
These findings are remarkable considering recent
studies indicate that joint loading and joint mechan-
ics are altered with QI scores less than 80% and 85%
respectively.!’® The mean QI at 12 weeks post-ACLR
for our cohort was 74%. Therefore, initiation of high
impact activities, which typically occurs during this
time frame,**® may not be appropriate for some ath-
letes in our cohort. This highlights the importance
of objectively measuring quadriceps strength during
early rehabilitation to better direct rehabilitation.

Limb symmetry indexes are routinely used to deter-
mine when sufficient quadriceps strength has been
restored in the involved limb. However, deficits in
the uninvolved limb after ACLR have been docu-
mented in the literature.???42627.296! In this cohort,
uninvolved limb quadriceps strength did not change
over time which is not consistent with other litera-
ture. Harput et al.*” found significant improvement
in uninvolved limb quadriceps strength between
four, eight, and 12 weeks post-ACLR. Thomee
etal.®? evaluated involved and uninvolved quadriceps
power at pre-ACLR, six, 12 and 24 months post-ACLR
and demonstrated asymmetrical quadriceps power

recovery between limbs over time. In this cohort,
improvements in involved limb quadriceps strength
mimicked improvements in QI and uninvolved limb
peak torque did not significantly change over time.
However, the inability to compare strength measures
at six weeks to adjacent time points due to change
in strength testing mode, may explain why unin-
volved limb strength changes were not observed.
The varied results in the literature continue to make
clinical decision making difficult for rehabilitation
specialists. However, a recent study by Wellsdandt
et al® utilized pre-ACLR strength values of the unin-
volved limb at all strength testing time points to cal-
culate QI which better predicted second ACL injury.
Results of this study demonstrated that this method
of comparison may eliminate the variability in unin-
volved limb strength recovery and improve the cli-
nician’s ability to determine if sufficient involved
limb strength has been restored. If pre-ACLR data is
not available, utilizing age, sex, and gender-matched
normative values should be considered as well.

Studies examining the changes in knee-related
function early in the post-ACLR rehabilitation pro-
cess are limited. Contrary to the study hypothesis,
participants did not demonstrated improvements
in patient-reported function from pre-ACLR to six
weeks post-ACLR which may be due to the addi-
tional joint trauma that is incurred with surgery.®
However, this cohort six and 12 week data are
consistent with work by Chmielewski et al.®® who
reported significant improvements in the Global
Rating score (GRS) between six and 12 weeks post-
ACLR and Christensen et al.*® who reported sig-
nificant improvements in IKDC scores at four and
eight weeks post-ACLR. Consensus on what is con-
sidered a successful outcome after ACLR is lack-
ing. Patient-reported knee function scores between
85 and 90 have been recommended in the litera-
ture.®® In this cohort, KOOS- Pain, Symptoms, ADL
subscales and IKDC scores met the recommended
threshold, which is consistent with other six-month
post-ACLR literature.'®**>® Hartigan et al.'® reported
scores on the Knee Outcome Survey Activities of
Daily Living (KOS-ADL) and Global Rating Scale of
Perceived Knee Function (GRS) greater than 90 and
Logerstedt et al.®® reported scores of 97, 93 and 87
on the KOS-ADL, GRS, and IKDC respectively. In
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this cohort, KOOS-Sport and QOL subscales (83 and
68 respectively) did not meet the recommended
threshold. This is consistent with work by Ingel-
srud et al.,* who found that subjects who perceived
their symptoms as “acceptable” at six months had
KOOS Sport and QOL subscales of 69 and 72,
respectively. This may indicate that what an ath-
lete feels is acceptable may not be consistent with
what medical practitioners deem as acceptable
which reinforces the need to use multiple metrics
to determine progression of activity and return to
sport.

Variation in quadriceps recovery and patient-
reported knee function scores demonstrate that not
all aspects of the athletes’ function recover at the
same rate after ACLR. This cohort further illustrates
this as the percentage of athletes that reach recovery
milestones varies between each outcome measure.
Less than 50% of this cohort achieved QI of 90% at
six months post-ACLR while the percentage of ath-
letes scoring >90 on the KOOS Sport and IKDC were
61% and 52% respectively. The only outcome mea-
sure in which 100% of the cohort achieved 90% was
the KOOS-ADL.

Understanding the progression of strength and self-
reported knee function in the first six months after
ACLR is imperative to directing post-operative reha-
bilitation and patient expectations. Additionally,
these data support other studies®®® reporting that
current rehabilitation efforts to restore symmetry
may be inadequate and that modifications to reha-
bilitation guidelines may be necessary in order to
maximize quadriceps strength recovery. Objective
and serial strength testing early in the rehabilita-
tion process may be beneficial to quickly identify
athletes who are not meeting strength milestones
and establish a more rigorous set of guidelines to
augment the timing of quadriceps recovery. This
would direct rehabilitation specialist to modify
treatment in order to prevent prolonged mus-
cle weakness and delayed recovery of long-term
function. More focused quadriceps strengthening
including neuromuscular electrical stimulation and
isolated progressive resistive quadriceps exercises
may continue to be necessary during this time-
frame. Furthermore, the significant improvement
in patient-reported knee function from six to 12 and

12 to 24 weeks post-ACLR and the delayed improve-
ments in strength symmetry, reinforce the concept
that even though an athlete may perceive a high
level of function, it does not mean that they dem-
onstrate resolution of impairments or other deficits.
Specific patient education should be provided to
prevent inappropriate knee joint stress and to estab-
lish appropriate patient expectations.

There are several limitations to this study. In order to
capture and compare quadriceps strength changes at
six weeks post-ACLR, isometric testing was utilized
to protect the graft. There are limitations in compar-
ing isokinetic and isometric testing; therefore, indi-
vidual limb strength comparisons were not included
in this analysis, but felt quadriceps strength symme-
try metrics were valuable to the study. Quadriceps
strength continues to improve beyond six months
after ACLR" but this analysis did not assess QI or
self-reported knee function beyond this time point;
therefore this analysis does not provide a complete
illustration of quadriceps and functional recovery
as it relates to return to sport success or long-term
knee function. Finally, there was loss of participants
during the follow-up period, particularly at the final
24-week follow-up. This attrition has some poten-
tial to bias the results at this time point, but the
relatively consistent findings with prior time points
make this unlikely.

CONCLUSIONS

This study focused on evaluating quadriceps strength
and functional recovery early in the rehabilita-
tion process. Based on these results, there are no
changes in quadriceps peak torque and quadriceps
symmetry from pre-ACLR to 12 weeks post-ACLR.
However, patient-reported knee function improves
as early as six weeks post-ACLR. Specifically, signifi-
cant improvements were observed in KOOS-Pain,
Symptoms, Sport, QOL subscales and IKDC scores.
Continued examination of the association between
quadriceps strength and patient-reported knee func-
tion in this early post-operative time-frame may
provide valuable insight to long-term recovery vari-
ability. Specifically, additional research to deter-
mine if early quadriceps strength metrics predict
post-operative outcomes at six and 12 months post-
ACLR is warranted.
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