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Context: Developing osteoarthritis is common after anterior
cruciate ligament reconstruction (ACLR). Monitoring changes in
femoral cartilage size after ACLR may be a way to detect the
earliest structural alterations before the radiographic onset of
osteoarthritis. Diagnostic ultrasonography (US) offers a clinically
accessible and valid method for evaluating anterior femoral
cartilage size.

Objective: To compare the US measurements of anterior
femoral cross-sectional area and cartilage thickness between
limbs in individuals with a unilateral ACLR and between the
ACLR limbs of these individuals and the limbs of uninjured
control participants.

Design: Case-control study.
Setting: Research laboratory.
Patients or Other Participants: A total of 20 volunteers

with an ACLR (37.0 6 26.6 months after surgery) and 28
uninjured volunteers.

Main Outcome Measure(s): We used US to assess
anterior femoral cartilage cross-sectional area and thickness
(ie, medial, lateral, and intercondylar) in the ACLR and

contralateral limbs of participants with ACLR and unilaterally in
the reference limbs of uninjured participants.

Results: The ACLR limb presented with greater anterior
femoral cartilage cross-sectional area (96.68 6 22.68 mm2) than
both the contralateral (85.69 6 17.57 mm2, t19¼ 4.47; P , .001)
and uninjured (84.62 6 15.89 mm2, t46 ¼ 2.17; P ¼ .04) limbs.
The ACLR limb presented with greater medial condyle thickness
(2.61 6 0.61 mm) than both the contralateral (2.36 6 0.47 mm,
t19¼ 2.78; P¼ .01) and uninjured limbs (2.22 6 0.40 mm, t46¼
2.69; P¼ .01) and greater lateral condyle thickness (2.46 6 0.65
mm) than the uninjured limb (2.12 6 0.41 mm, t46 ¼ 2.20; P ¼
.03).

Conclusions: Anterior femoral cartilage cross-sectional
area and thickness assessed via US were greater in the ACLR
limb than in the contralateral and uninjured limbs. Greater
thickness and cross-sectional area may have been due to
cartilage swelling or hypertrophy after ACLR, which may affect
the long-term health of the joint.
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Key Points

� An ultrasonographic assessment of the anterior femoral cartilage indicated greater cartilage cross-sectional area
and thickness in the anterior cruciate ligament reconstruction (ACLR) limb of patients approximately 3 years after
surgery than both the contralateral limb and the limbs of uninjured participants.

� When normalized to the contralateral limb, a longer time since ACLR was associated with a larger ACLR-limb cross-
sectional area.

� Studies are needed to examine the importance of early cartilage changes, as ultrasonography may be a clinically
accessible tool capable of monitoring cartilage size after ACLR.

A
pproximately 50% of individuals who sustain an
anterior cruciate ligament (ACL) injury and
undergo ACL reconstruction (ACLR) develop

radiographic knee osteoarthritis (OA) within 2 decades
after injury.1,2 Alterations in joint metabolism coupled with
chronic aberrant joint loading after injury and ACLR are
theorized to disrupt knee-joint tissue homeostasis and lead
to a decline in articular cartilage health.3–5 Monitoring
cartilage size after ACLR may provide insight into the early
mechanisms leading to the development of OA, which may

allow for earlier and more effective administration of
disease-modifying interventions.6 The radiographic diag-
nosis of OA relies on detecting bony osteophytes and
tibiofemoral joint-space narrowing.7 However, radiographs
provide an indirect assessment of cartilage structure and
may not be sensitive enough to capture the earliest changes
in cartilage size after ACLR.8 Therefore, more cartilage-
specific imaging modalities are needed to detect the earliest
changes in cartilage structure after ACLR to transition OA
care from palliation to prevention.9
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Ultrasonography (US) and magnetic resonance imaging
(MRI) are valid and reliable imaging modalities for directly
assessing in vivo femoral cartilage size.10–12 Authors5,13–17

of most femoral cartilage imaging studies post-ACLR have
used MRI. Yet US provides a valid and much more
accessible, inexpensive, and clinically oriented alternative
that may allow for more routine cartilage health assess-
ments.18 Using US, clinicians can specifically assess the
size of the anterior femoral cartilage, which is traditionally
determined by measuring thickness at 3 discrete locations
on the anterior femur.11,19,20 Akkaya et al21 are the only
researchers to report using US to assess femoral cartilage
thickness after ACLR, and they observed no differences in
cartilage thickness between the ACLR and contralateral
limbs. However, no researchers to date have used US to
compare femoral cartilage size between individuals with
unilateral ACLR and uninjured control participants. In
addition, no investigators have used a novel femoral
cartilage US cross-sectional area technique that may
provide a more representative indication of cartilage size
when compared with the traditional US assessment of
thickness. Therefore, the primary purpose of our study was
to compare the US measurements of anterior femoral cross-
sectional area and cartilage thickness between limbs in
individuals with a unilateral ACLR and between the ACLR
limbs in these individuals and the limbs of uninjured
control participants. Based on previous MRI studies in
which researchers demonstrated a progressive increase in
medial femoral cartilage size over 1-year,14 2-year,13,22 and
5-year5 periods after ACLR, we hypothesized that anterior
femoral cartilage thickness and cross-sectional area would
be greater in the ACLR limbs than in the contralateral limbs
of ACLR participants and the limbs of uninjured control
participants. Our secondary purpose was to determine the
association between cartilage structural outcomes and time
from ACLR in a cross-sectional cohort of individuals with
ACLR. We theorized that greater time from ACLR would
be associated with greater cartilage size. If US is a
clinically accessible imaging modality that can detect early
alterations in anterior femoral cartilage among individuals
after ACLR, it will be an important option for identifying
those who may be at high risk for developing OA.

METHODS

Design

In this case-control study, a single examiner (M.S.H.)
performed a bilateral US assessment of the anterior femoral

articular cartilage in a group of individuals with a unilateral
ACLR and a unilateral assessment of the reference limbs of
uninjured participants with no history of lower extremity
injury. In their large-scale US study, Ozcakar et al20

indicated no side-to-side difference in the cartilage
thickness in uninjured participants; thus, unilateral US
images were obtained of the dominant limb in the uninjured
control participants. The dominant limb was defined as the
limb that the participant preferred to use for kicking a
ball.19 A subset of uninjured participants volunteered for an
additional US assessment, and images from this session
were used for an intersession reliability analysis of our
novel US cross-sectional area measure. Participants arrived
at the laboratory for each data-collection session at the
same time of day (62 hours of the previous session) to
control for diurnal variation in femoral cartilage thick-
ness.23

Participants

We recruited a convenience sample of 20 individuals
with a history of primary unilateral ACLR (5 men, 15
women) and 28 uninjured individuals (10 men, 18 women)
with no history of lower extremity joint injury (Table 1).
All participants reported engaging in physical activity for at
least 20 minutes, 3 days each week. Participants with
ACLR had undergone surgery at least 6 months before
enrolling in the study and were approved for unrestricted
physical activity by their physicians. We excluded
volunteers with ACLR who had been diagnosed with knee
OA or reported symptoms of OA at the time of data
collection (eg, pain, swelling, stiffness), any lower
extremity surgery other than ACLR, bilateral ACLR,
multiligament reconstruction, ACLR revision surgery, or
any lower extremity injury within 6 months of participa-
tion. Uninjured participants reported no history or symp-
toms of OA, lower extremity surgery, ligamentous knee
injury, or any major lower extremity injury. The uninjured
participants were not individually matched to participants
with ACLR; however, we recruited control participants
from a similar population, and the key demographics were
not different between groups (Table 1). An a priori power
analysis (version 3.1.9.2; G*Power,24 Heinrich-Heine-
Universität, Düsseldorf, Germany) indicated that we would
need a sample size of at least 19 individuals with ACLR to
determine a between-limbs difference (Cohen d ¼ 0.6) in
cartilage thickness to achieve 80% power with an a level of
.05. All participants provided written informed consent, and

Table 1. Participant Demographics

Characteristic

Group

t Value P Value

Anterior Cruciate

Ligament Reconstruction

(n ¼ 20)

Uninjured

Control

(n ¼ 28)

Males/females, No. (%) 5/15 (25/75) 10/18 (36/64) NA NA

Mean 6 SD

Age, y 20.2 6 2.1 20.5 6 1.7 0.58 .57

Height, cm 168.2 6 7.3 170.8 6 10.6 0.92 .36

Mass, kg 69.7 6 16.6 69.6 6 18.5 0.02 .98

Time after surgery, mo 37.0 6 26.6 NA NA NA

Abbreviation: NA, not applicable.
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the study was approved by the University of North Carolina
at Chapel Hill Institutional Review Board.

Ultrasonographic Assessment of the Anterior
Femoral Cartilage

Ultrasonographic Image Acquisition. Anterior femoral
cartilage US assessment has been validated against cadaver
specimens11 and MRI measurements.12 Our methods of US
image acquisition were described in an earlier study.19 For
this study, we recorded 3 images bilaterally in the
participants with ACLR and unilaterally in the uninjured
participants.

A subset of uninjured individuals (n¼ 17) returned for an
identical data-collection session approximately 1 week (7.1
6 1.6 days) after the initial session so that we could
determine the intersession reliability of the novel US cross-
sectional area measure. Using the recorded positioning of
the heel and the locations of the femoral condyles on the
transparency grid from the first session, we consistently
positioned both the participant and the US probe.

Ultrasonographic Image Processing. A single, unblind-
ed investigator (M.S.H.) manually segmented each US
image using ImageJ software (version 1.50i; National
Institutes of Health, Bethesda, MD). All 3 of the femoral
cartilage US images for each knee were analyzed and
averaged for the US outcomes of cross-sectional area and
cartilage thickness.

We assessed the anterior femoral cartilage cross-sectional
area as a novel US outcome of cartilage size. Similar
techniques for measuring cross-sectional area have often
been used in US muscle studies, but we are the first to
assess cartilage cross-sectional area using this technique. It
involved segmenting the outline of the entire visualized
cartilage-bone interface and soft tissue–cartilage interface
of each US image. ImageJ software was used to calculate
the cartilage cross-sectional area (mm2; Figure 1B) based
on the segmented outline of the cartilage. Each cross-
sectional area and thickness outcome was averaged across
the 3 images for each participant for statistical analysis.

We assessed anterior femoral cartilage thickness at the
midpoint of the upslope of the medial and lateral femoral
condyles and the intercondylar notch as the straight-line
distance in millimeters from the cartilage-bone interface to
the synovial space–cartilage interface (Figure 1A).11,19,20

Strong intrasession reliability and precision for the medial
cartilage-thickness assessment have been established within
our laboratory (intraclass correlation coefficient [ICC] [2,k]
¼ 0.97, standard error of measurement [SEM] ¼ 0.07
mm).19

Statistical Analysis

Independent t tests were used to compare demographics
between the participants with ACLR and uninjured
participants.

Intrasession and Intersession Reliability and Precision
of US-Measured Femoral Cartilage Cross-Sectional
Area. Intrasession reliability of the cartilage cross-sectional
area was assessed by calculating separate ICCs (2,1) of the
3 individual images, and intrasession precision was
determined by calculating the SEM in uninjured individ-
uals. The ICCs were classified as weak (,0.5), moderate
(0.5–0.69), or strong (�0.7).25 Cartilage cross-sectional
area SEM was calculated using Equation 1, where SD was
the pooled standard deviation of the measurements and ICC
was the calculated ICC.26

SEM ¼ SD
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� ICC
p

ð1Þ
We assessed the intersession reliability (ICC [2,k]) of the

cartilage cross-sectional area for the 3-image average of
each outcome measure at both times using the subset of
uninjured individuals who returned for an additional data-
collection session involving identical procedures. The
precision of the intersession cartilage cross-sectional area
was determined using the SEM.

Comparison of Femoral Cartilage US Outcome
Measures. Dependent t tests were used to compare femoral
cartilage cross-sectional area and thickness between the
reconstructed and contralateral limbs in participants with
ACLR. Independent t tests were used to compare femoral
cartilage cross-sectional area and thickness between the
dominant limb of the uninjured participants and both limbs
of those with ACLR (ie, reconstructed and contralateral
limbs).

Association Between Femoral Cartilage US Limb
Symmetry Indices and Time Since ACLR. The average
time since ACLR in our participants was approximately 3
years (37.0 6 26.6 months); however, the range of time
since ACLR was wide (7–103 months). Therefore, we

BA

Figure 1. Femoral cartilage ultrasonographic outcome measures. A, Femoral cartilage cross-sectional area was assessed by outlining
the cartilage visualized on each ultrasonographic image. B, Femoral cartilage thickness was measured as the length of the straight line
drawn from the cartilage-bone interface to the synovial space–cartilage interface.
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wanted to determine if an association was present between
cartilage size and time since ACLR. For this secondary
analysis, a limb symmetry index (LSI) for each femoral
cartilage US outcome (ie, cross-sectional area and cartilage
thickness) was created for the participants with ACLR by
dividing the value for the ACLR limb by the value for the
contralateral limb and multiplying by 100. Thus, individ-
uals with a greater cartilage cross-sectional area LSI had a
larger cartilage cross-sectional area in their ACLR limb
relative to their contralateral limb.

We used a Shapiro-Wilk test to determine if the outcomes
were normally or non-normally distributed. When out-
comes were normally distributed, separate Pearson product-
moment correlations were used to determine the association
between femoral cartilage US LSI (ie, cross-sectional area
and thickness) and time since ACLR. When outcomes were
non-normally distributed, a Spearman rank-order correla-
tion was used to determine this association. The magnitude
of association was defined as negligible (0.0–0.09), low
(0.10–0.29), moderate (0.30–0.49), or large (0.50–1.00).27

All statistical analyses were performed using SPSS (version
21; IBM Corp, Armonk, NY). The a level was set a priori at
.05.

RESULTS

Participant demographics are provided in Table 1. We
found no differences between groups for any demographic
variable.

Intrasession and Intersession Reliability and
Precision of US-Measured Femoral Cartilage Cross-
Sectional Area

Strong intrasession reliability (n¼ 28) was demonstrated
for femoral cartilage cross-sectional area (ICC [2,1]¼ 0.98;
95% confidence interval¼ 0.96, 0.99). The cartilage cross-
sectional area SEM was small, indicating acceptable
precision between measurements within the same session
(SEM ¼ 2.23 mm2).

Strong intersession reliability (n¼ 17) was demonstrated
for the femoral cartilage cross-sectional area (ICC [2,k] ¼

0.95; 95% confidence interval ¼ 0.87, 0.98). The cartilage
cross-sectional area SEM was small, indicating acceptable
precision between measurements within different sessions
(SEM¼ 3.11 mm2).

Comparison of Femoral Cartilage US Outcome
Measures

The ACLR limb presented with greater anterior femoral
cartilage cross-sectional area than the contralateral limb (t19

¼ 4.47, P , .001, Cohen d ¼ 0.50; Table 2). Specifically,
the ACLR limb displayed greater medial condyle thickness
than the contralateral limb (t19¼ 2.78, P¼ .01, Cohen d¼
0.46), but we observed no difference between limbs for the
lateral condyle (t19 ¼ 2.02, P ¼ .06, Cohen d ¼ 0.42) or
intercondylar thickness (t19 ¼ 1.99, P ¼ .06, Cohen d ¼
0.30).

The ACLR limb had greater anterior femoral cartilage
cross-sectional area than the dominant limb of the uninjured
individuals (t46 ¼ 2.17, P ¼ .04, Cohen d ¼ 0.64).
Specifically, the ACLR limb demonstrated greater medial
(t46¼ 2.69, P¼ .01, Cohen d¼ 0.79) and lateral (t46¼ 2.20,
P ¼ .03, Cohen d ¼ 0.65) condyle thickness than the
dominant limb of the uninjured individuals. Intercondylar
thickness was not different between the ACLR limb and the
dominant limb of the uninjured individuals (t46¼ 1.79, P¼
.08, Cohen d ¼ 0.53). The contralateral limb of the ACLR
participants was similar to the dominant limb of the
uninjured participants for cross-sectional area (t46¼ 0.22, P
¼ .83, Cohen d¼0.06; Table 2) and each thickness outcome
(medial condyle: t46¼1.12, P¼ .27, Cohen d¼0.33; lateral
condyle: t46¼ 1.03, P¼ .31, Cohen d¼ 0.30; intercondylar:
t46¼ 0.88, P ¼ .39, Cohen d ¼ 0.27).

Association Between Femoral Cartilage US Limb
Symmetry Indices and Time Since ACLR

All variables were normally distributed; therefore, only
Pearson product moment correlations were used in the
analysis. Greater time since ACLR was moderately
associated with greater femoral cartilage area LSI (r ¼
0.47, P ¼ .04; Figure 2). Time since ACLR was not

Table 2. Comparisons of Limb Ultrasound Measures

Outcome Measure Group No. Mean 6 SD

Comparison With

Uninjured Control Limb

Comparison With

Contralateral Limb

t46 Value P Value

Cohen

d Value t19 Value P Value

Cohen

d Value

Medial condyle

thickness, mm

ACLR limb 20 2.61 6 0.61 2.69 .01a 0.79 2.78 .01a 0.46

Contralateral limb 20 2.36 6 0.47 1.12 .27 0.33

Uninjured control limb 28 2.22 6 0.40

Lateral condyle

thickness, mm

ACLR limb 20 2.46 6 0.65 2.20 .03a 0.65 2.02 .06 0.42

Contralateral limb 20 2.24 6 0.37 1.03 .31 0.30

Uninjured control limb 28 2.12 6 0.41

Intercondylar

thickness, mm

ACLR limb 20 2.46 6 0.66 1.79 .08 0.53 1.99 .06 0.30

Contralateral limb 20 2.29 6 0.47 0.88 .39 0.27

Uninjured control limb 28 2.16 6 0.49

Cross-sectional

area, mm2

ACLR limb 20 96.68 6 22.68 2.17 .04a 0.64 4.47 ,.001a 0.50

Contralateral limb 20 85.69 6 17.57 0.22 .83 0.06

Uninjured control limb 28 84.62 6 15.89

Abbreviation: ACLR, anterior cruciate ligament reconstruction.
a Difference between limbs (P , .05).
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associated with the medial condylar (r ¼ 0.02, P ¼ .93),
intercondylar (r ¼ 0.27, P ¼ .25), or lateral condylar (r ¼
0.20, P ¼ .39) femoral cartilage thickness LSI.

DISCUSSION

Our main finding was that the ACLR limb demonstrated
greater anterior femoral cartilage cross-sectional area than
the contralateral limbs of participants with ACLR and the
dominant limbs of uninjured control participants. Specifi-
cally, the ACLR limb demonstrated greater medial condyle
thickness than the contralateral and uninjured control limbs
and greater lateral condyle thickness than the uninjured
control limb. The cartilage thickness that we observed was
consistent with the results of a previous large-scale US
study of 1544 individuals.20 Consistent with our hypothesis,
greater femoral cartilage area LSI was moderately associ-
ated with greater time since ACLR. The importance of
these results is 2-fold: (1) alterations in cartilage morphol-
ogy are evident within 3 years after ACLR and (2) US is a
clinically accessible technique that may be used as a simple
tool for detecting early cartilage changes after ACLR.

Greater cross-sectional area and cartilage thickness after
ACLR appear contradictory to traditional OA theories, as
end-stage OA is characterized by femoral cartilage
thinning.28 However, researchers29,30 studying idiopathic
OA have theorized that the earliest stages may be defined
by cartilage thickening before the eventual thinning of the
cartilage. Our findings of greater femoral cartilage cross-
sectional area and medial thickness on US are similar to
those of previous MRI studies in which investigators
observed longitudinal increases in medial femoral cartilage
thickness at 1 year,14 2 years,13,22 and 5 years5 after ACL
injury. Radiographic changes to the anterior medial femoral
condyle may occur early in the development of knee OA
because of impingement of the medial femoral condyle on
the medial tibial spine.31 In addition, investigators using
compositional MRI techniques have indicated that the
anterior medial femur demonstrates worse cartilage com-
position (ie, depletions in proteoglycans32 and glycosami-

noglycans33) as early as 1 year after ACLR.32,33 Using an
MRI definition of OA, 6%, 11%, and 17% of individuals
presented with OA in the medial tibiofemoral, lateral
tibiofemoral, and patellofemoral compartment, respective-
ly, within 1 year after ACLR.31,34 The positive association
between time since surgery and cross-sectional area LSI
that we observed provides evidence that complements the
previously noted longitudinal increases in medial femoral
cartilage.5,13,14,22 Together, these data suggest that the
thickening of femoral cartilage early after ACLR, espe-
cially in the anteromedial femur,5,13,14,22 is progressive and
detectable using a clinically accessible US technique.
Whereas the precise mechanism for increased cartilage
size after ACLR and in early OA is not completely
understood, researchers35,36 have hypothesized that an
increase in cartilage thickness may be due to either
swelling of the cartilage or hypertrophy of the extracellular
matrix.

Investigators37–39 have also hypothesized that, as the
cartilage extracellular matrix begins to break down (ie,
proteoglycan depletion or collagen network disorganiza-
tion), an influx of water creates swelling of the cartilage and
presents as an increase in cartilage thickness. Conversely,
the initial increase in cartilage size can be explained by
increased synthesis of extracellular matrix components,
which results in decreased relative water content.35 Given
that the interaction between water and the extracellular
matrix provides most of the compressive stiffness attributed
to the cartilage, alterations in the healthy relative water
content may disrupt the ability of the cartilage to properly
respond to loading that occurs during activities of daily
living.40 Increased cartilage size, whether due to swelling or
hypertrophy, may result in aberrant joint mechanics and
altered viscoelastic properties of the cartilage,41 which may
then contribute to chronic negative effects on the joint
tissue and increase the likelihood of OA development.

Aberrant joint mechanics during walking and running are
common for years after ACL injury and ACLR.42,43 Similar
to the time-dependent changes we observed in femoral
cartilage after ACLR, researchers44–46 have also reported
evidence of temporal changes in knee kinematics and
kinetics depending on the time since ACL injury and
ACLR. The consequences of these subtle alterations in
knee mechanics after ACLR are seen as a shift in the
location of cartilage loading coupled with decreased contact
area and increased peak cartilage deformation.47 In their
simulation study of ACL-injured knees, Andriacchi et al48

indicated that 58 of tibial internal rotation may offset knee-
cartilage contact patterns that can lead to a rapid rate of
cartilage loss compared with uninjured knees. Alternative-
ly, declines in cartilage health have been evident in
compositional MRI studies in which authors have demon-
strated proteoglycan disruption32,33 and type II collagen
disorganization41 in the tibiofemoral cartilage of individu-
als within the first year after ACLR. Declines in cartilage
composition have been theorized to disrupt the healthy
viscoelastic properties of the tissue and alter the cartilage
response to acute loading.49 Evidence of a decline in these
viscoelastic cartilage properties has been observed after
ACLR with type II collagen disorganization, as these same
individuals also presented with decreased cartilage resil-
iency after an acute bout of running.41 Therefore,
alterations in both joint mechanics and cartilage viscoelas-

Figure 2. A greater time since anterior cruciate ligament recon-
struction was associated with a larger femoral cartilage cross-
sectional area limb symmetry index.
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tic properties occur after ACLR and may be risk factors for
developing OA.

Our study highlights the ability of US to provide an
accessible and inexpensive method of imaging cartilage
that can potentially detect differences in anterior femoral
cartilage size in individuals at an average of 3 years after
ACLR compared with both the contralateral knees and the
knees of uninjured participants. However, future research-
ers will need to determine if early cartilage alterations
assessed with US affect patient-reported outcomes and
objective measures of patient function. This knee-cartilage
US assessment was limited to the anterior femoral cartilage
and cannot determine the morphology of central or
posterior femoral cartilage or tibial cartilage. However,
the US protocol provides an affordable, easily attained
assessment that may allow for future longitudinal studies in
which anterior femoral cartilage is routinely monitored. We
observed a cross-sectional association between femoral
cartilage area LSI and time since ACL injury, but a larger-
scale longitudinal study is needed to definitively establish
the longitudinal changes in cartilage morphology after
ACLR. Given that OA has been described as a disease of
multiple tissues within the entire joint organ,50 researchers
should use US to assess alterations in other joint tissues (ie,
tendons, menisci, synovium, Hoffa fat pad).51 In our study,
a single experienced reader conducted all US image
analyses, yet this reader was not blinded to the status of
the participants’ knee joints. In future studies, investigators
should consider involving blinded readers who are unaware
of the knee status of participants to minimize potential bias
in the analysis. Our US protocol consistently used 1408 of
knee flexion to ensure imaging of the same location of
femoral cartilage among individuals, but this position may
not be feasible in a population with range-of-motion
restrictions (ie, acutely injured, knee OA). If a participant
cannot achieve 1408 of knee flexion, maximum knee flexion
can be used to sufficiently image the femoral carti-
lage.20,52,53 We did not have access to the surgical notes
for the individuals with ACLR, which limited our ability to
further understand how concomitant surgical procedures or
injuries may have influenced changes in cartilage size in the
ACLR limb. In future studies, researchers should determine
if specific meniscal or cartilage injuries or surgeries at the
time of ACLR affect the results. Our secondary analysis
indicated a progressive thickening of anterior femoral
cartilage as time since ACLR increased, but we need to
assess individuals at longer times since ACLR to determine
when they begin to experience the cartilage thinning that
may lead to OA.

CONCLUSIONS

A US assessment of the anterior femoral cartilage of
patients approximately 3 years after ACLR indicated
greater cartilage cross-sectional area and thickness in the
ACLR limbs than in both the contralateral limbs and the
limbs of uninjured participants. We observed a positive
association between time since ACLR and cross-sectional
area LSI, indicating that a longer time since ACLR was
associated with a larger ACLR limb cross-sectional area
when normalized to the contralateral limb. Future studies
are needed to evaluate the importance of early cartilage

changes, as US may be a clinically accessible tool capable
of monitoring cartilage size after ACLR.
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