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ABSTRACT
Objectives To evaluate the compartmental distribution
of knee osteoarthritis (OA) after anterior cruciate
ligament reconstruction (ACLR), to determine if
patellofemoral or tibiofemoral OA is more strongly
associated with knee symptoms and function, and to
evaluate the contribution of associated injuries and
surgical delay to the development of OA.
Methods This cross-sectional study recruited 70
participants who underwent hamstring tendon (HT)
ACLR 5–10 years previously. Radiographic OA was
assessed according to the Osteoarthritis Research Society
International (OARSI) criteria. Knee symptoms were
assessed with the Knee Injury and Osteoarthritis
Outcome Score (KOOS) and Anterior Knee Pain Scale
(AKPS), while function was assessed with three lower
limb tasks (hop-for-distance, one-leg rise and side-hop).
Multivariate and binary logistic regression analyses were
performed to assess the relationship between OA and
symptomatic/functional outcomes and associated injuries/
surgical delay, respectively.
Results Radiographic OA was observed in the
patellofemoral (47%) and tibiofemoral joints (31%).
Pain, symptoms and quality of life on the KOOS and the
AKPS were associated with severity of patellofemoral OA
(standardised regression coefficient (β)=−0.3 to −0.5,
p=0.001–0.042), whereas only the KOOS-pain subscale
was associated with tibiofemoral OA (β=−0.3,
p=0.037). For each functional task, greater
patellofemoral OA severity was associated with worse
performance, independent of tibiofemoral OA severity
(β=−0.3 to −0.4, p=0.001–0.026). Medial meniscal
and patellofemoral chondral lesions at surgery were
associated with tibiofemoral and patellofemoral OA
development at follow-up, respectively, while a longer
surgery delay was associated with patellofemoral OA.
Conclusions Patellofemoral OA is common following
HT ACLR and is associated with worse knee-related
symptoms, including anterior knee pain, and decreased
functional performance.

INTRODUCTION
Knee osteoarthritis (OA) frequently develops after
anterior cruciate ligament (ACL) injury,1 with per-
sonal, societal and financial impacts in young
adults. Restoration of knee stability with an ACL
reconstruction (ACLR) does not reduce the rate of
radiographic OA development or improve short-
term or long-term symptom outcomes.2 3 Indeed,
an ACLR may even propagate the development of
knee OA.4 While the association between ACLR
and knee OA has focused mostly on the

tibiofemoral joint, our recent review reported that
patellofemoral OA is common after ACLR (median
prevalence of 36%)5 and is frequently associated
with pain.6 7 Patellofemoral OA is typically
reported after a bone-patellar tendon-bone (BPTB)
autograft ACLR,6 8 which may alter patellofemoral
alignment and cartilage contact.9 The prevalence
and clinical impact of patellofemoral OA following
the popular hamstring tendon (HT) autograft
ACLR has rarely been investigated.
While patellofemoral and tibiofemoral OA often

coexist,10 the relative contribution of
compartment-specific OA severity to symptoms and
function after ACLR is not known. Knowing
whether the patellofemoral or tibiofemoral com-
partment impacts more strongly on symptoms and
function may direct treatment decisions and
encourage compartment-specific management strat-
egies. Potential confounders for the development
of OA after ACLR are concomitant injury to either
the meniscus or articular cartilage and the time
between injury and ACLR. While meniscal injury is
a potent risk factor for the development of tibiofe-
moral OA,2 its relationship to patellofemoral OA
remains controversial.11–13 Similarly, there are
contradictory reports of concurrent chondral
lesions being associated with the long-term devel-
opment of OA in the respective compartment.14 15

Finally, there are paradoxical reports for the influ-
ence of ACLR delay and OA aetiology,3 11 14 dem-
onstrating a need to explore the duration of
surgical delay and compartmental OA prevalence.
This study aimed to (1) describe the compart-

mental distribution of radiographic knee OA; (2)
determine the relationship between patellofemoral
and tibiofemoral OA severity and the severity of
knee symptoms and functional performance after
ACLR; and (3) determine if duration of surgical
delay or meniscal/chondral injury observed at the
time of ACLR is associated with the development
of patellofemoral or tibiofemoral OA, using a
cohort of individuals 5–10 years post-HT autograft
ACLR.

METHODS
Participants
All individuals who had undergone a primary
ACLR using a single-bundle four-strand HT auto-
graft by one surgeon in Melbourne 5–10 years pre-
viously were identified from patient files. Letters of
invitation were sent to all potentially eligible parti-
cipants. Participants were included if they were
aged at least 18 years at the time of surgery and
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had no history of injury/surgery to either knee prior to ACL
rupture. Exclusion criteria were: (1) ACLR revision or arthro-
plasty; (2) inability to understand written and spoken English;
and (3) pregnancy or breast-feeding. Approval was granted from
the University of Melbourne Human Research Ethics
Committee, and all participants provided written informed
consent.

Surgery and rehabilitation
All ACLR surgeries were performed by a single surgeon (HGM)
at a median of 3 months after the injury (range 2 weeks–
28 years). A quadrupled HT graft of semitendinosus/gracilis was
performed arthroscopically. The HT autograft was procured
through a 3 cm incision near the tibial tubercle using a tendon
harvester (Linvatec, Largo, Florida, USA). The graft (approxi-
mately 22 cm in length) was then doubled over two pull-out
lead sutures. The tibial and femoral tunnels were drilled in the
anatomical footprint of the native ACL with the use of a drill
guide. Femoral fixation was achieved with an Endobutton
(Acufex, Smith & Nephew, Andover, Massachusetts, USA) and
tibial fixation with a 7–9 mm interference screw (RCI, Smith &
Nephew, Andover, Massachusetts, USA). Graft tensioning was
performed by hand in full knee extension. Meniscal tears were
treated at the time of ACLR with partial resection or fixation
when indicated by clinical and/or arthroscopic assessment. All
patients were referred to physiotherapy for appropriate rehabili-
tation, including early weight-bearing, range of movement and
neuromuscular retraining and graduated return to functional
activities and sport.16

Primary outcome measures
Radiography
All participants underwent radiographic assessment of the
ACLR knee undertaken in weight-bearing, with the knee flexed
30–40° and feet externally rotated 10°. Radiographic disease
severity of the patellofemoral joint was assessed from skyline
radiographs,17 while the tibiofemoral joint was assessed from a
posteroanterior radiograph. Osteophytes and joint space nar-
rowing ( JSN) were scored in the patellofemoral and tibiofe-
moral compartments using the Osteoarthritis Research Society
International (OARSI) atlas on a scale from 0 to 318 (0=normal,
1=mild, 2=moderate and 3=severe). Based on previous
reports, we considered radiographic OA to be present if any of
the following criteria were achieved in the patellofemoral or
medial or lateral tibiofemoral compartments: JSN of grade 2 or
higher, sum of osteophyte grades ≥2 or grade 1 JSN in combin-
ation with a grade 1 osteophyte.8 10 We measured OA severity
using the osteophyte grade in each compartment, since osteo-
phytes are more strongly associated with knee pain and symp-
toms than other features such as JSN19 20 or a global severity
score.19

All radiographs were assessed by two independent trained
observers (KMC and MM). Both raters were blinded to clinical
outcomes, with a consensus meeting used to resolve any discrep-
ancies. Inter-rater reliability (κ coefficients) for OARSI scoring
of patellofemoral and tibiofemoral radiographic features on a
subset of 39 participants was 0.75 (95% CI 0.70 to 0.85) and
0.84 (95% CI 0.77 to 0.92), respectively.

Patient-reported outcomes
The Knee Injury and Osteoarthritis Outcome Score (KOOS) was
used to assess patient-reported outcomes on five subscales:
KOOS-pain, KOOS-symptoms, function in activities of daily
living (KOOS-ADL), function in sport and recreation

(KOOS-SR) and knee-related quality-of-life (KOOS-QOL).21

Each subscale addresses symptoms over the previous week and a
normalised score was calculated for each subscale (100 repre-
sents no symptoms and 0 represents maximum symptoms). To
assess specific patellofemoral symptoms, the Anterior Knee Pain
Scale (AKPS; 0–100) was used,22 where a maximum score of
100 represents no patellofemoral symptoms.

Functional outcomes
The hop for distance test and the side-hop test, which are estab-
lished tests of functional capacity in ACLR populations,23 were
used to assess lower limb function. The maximum number of
one-leg rises performed at a controlled speed from a standar-
dised height plinth (knee at 90° flexion in sitting) was also
recorded (one-leg rise test).24 The one-leg rise test is a global
measure of lower-limb function and endurance and has been
found to predict the development of radiographic knee OA in
middle-aged people with chronic knee pain.24

Secondary outcome measures
Participant characteristics and knee motion
Participant characteristics including age, height and weight were
recorded. Maximum range of knee flexion and extension was
measured in supine position using a goniometer,25 and knee
laxity with the KT-1000 arthrometer by one independent asses-
sor (CCHL). The Tegner Activity Scale was used to assess the
participant’s activity level.26

Concomitant injuries at surgery
Damage to the meniscus or articular cartilage observed at the
time of ACLR was assessed from the surgical files of all partici-
pants. Meniscal injury was defined as any meniscal tear requir-
ing surgery.10 Chondral injury was defined with Outerbridge
classification as any damage ≥grade 2.14

Data analysis
Differences in demographic and clinical data between those
with and without OA were determined using Student’s t tests or
Mann-Whitney U tests as appropriate. Multivariate regression
analyses, with both patellofemoral and tibiofemoral OA severity
included in each model, were used to examine the relative
contribution of compartment-specific OA severity (ordinal data
0–3) and symptoms and function. A similar approach with
ordinal data has previously been performed to determine factors
related to knee alignment27 and load.28 Regression models were
analysed to ensure that general assumptions, including multicol-
linearity assumptions, were met. Participant characteristics that
were univariately correlated with dependent variables were
included as covariates (p<0.05). For chondral/meniscal injuries
identified at surgery and surgical delay, OR and 95% CI were
calculated for the presence of OA in each knee compartment
using binary logistic regression analyses adjusted for age and
gender. ACLR was classified as early (<6 weeks from injury),
intermediate (6 weeks to 1 year from injury) or late (>1 year
from injury). Statistical analyses were performed with SPSS for
Windows V.21.0 software (SPSS, Chicago, Illinois, USA), with α
set at 0.05.

RESULTS
Of the 743 invitation letters sent to potentially eligible partici-
pants, 105 were returned to the sender (change of address). Of
the remaining 638 participants, 81 (13%) contacted the
researchers; 4 were excluded due to bilateral ACLR, 2 due to
ACLR revision surgery and 1 due to a patellectomy. After
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radiological assessment, a further four participants were
excluded due to insufficient radiographic quality. Of the 70 eli-
gible participants with radiographs, 42 (60%) were men. Mean
(±SD) age was 42±10 years, time from surgery 7±2 years,
height 1.7±0.1 m and weight 81±16 kg. Sixty participants
completed the patient-reported outcomes (KOOS and AKPS)
and 65 completed the functional assessment.

Distribution of radiographic OA
Thirty-three (47%) participants had radiographic patellofemoral
OA and 22 (31%) had radiographic tibiofemoral OA (figure 1).
Mild (grade 1, n=35; 50%) and moderate (grade 2, n=17;
24%) osteophytes were most commonly observed. Those with
OA (either patellofemoral or tibiofemoral) were significantly
older and less active than those without OA (table 1).

Relationship between compartment-specific OA severity,
symptoms and function
Multivariate regression analyses, with patellofemoral and tibio-
femoral OA severity as well as appropriate covariates (partici-
pant characteristics that were univariately correlated with
dependent variables) included in each model (table 2), revealed
that greater patellofemoral and tibiofemoral OA severity
were associated with worse KOOS-pain. Greater patellofemoral
OA severity was independently associated with worse
KOOS-symptoms, KOOS-QOL and AKPS (table 2). Greater
patellofemoral OA severity was also associated with lower per-
formance on the three functional tasks, while tibiofemoral OA
severity was not independently associated with any functional
task (table 2).

Concomitant injuries and surgical delay
Patellofemoral chondral damage and medial meniscal injury
observed at the time of surgery increased the odds of developing
patellofemoral OA and medial tibiofemoral OA at follow-up,
respectively (table 3). The presence of tibiofemoral OA was not
associated with timing of ACLR; however, patellofemoral OA
was more common in those who had a delayed ACLR compared
to those who underwent an early ACLR (table 3).

DISCUSSION
The present study provides unique insights into the individual
contribution of patellofemoral and tibiofemoral OA severity to
symptoms and functional performance after ACLR.
Patellofemoral OA (47%) was more common than tibiofemoral

OA (31%) 5–10 years after ACLR, with OA being frequently
isolated to the patellofemoral joint (20%). This compartmental
distribution pattern of OA reflects previous community-based
studies19 29 and is identical to the reported prevalence from
BPTB ACLR,6 8 suggesting that a HT autograft does not protect
the patellofemoral joint from degenerative change.14 30 Our
recent literature review5 proposed a number of explanations for
the high rate of patellofemoral OA after ACLR, including con-
comitant damage to the patellofemoral compartment at the time
of injury, which we confirmed in the current study and altered
frontal and transverse plane knee kinematics, which we
observed in our recent kinematic study.31 While it is possible
that knee movement restrictions and prolonged quadriceps
weakness also contribute to patellofemoral OA development, we
did not observe any movement deficits in those with patellofe-
moral OA and muscle strength was not specifically evaluated.
The prevalence of tibiofemoral OA in our study is similar to
that in other studies with a 5-year to 10-year follow-up of HT
ACLR.14 30 32 Lower rates of patellofemoral and tibiofemoral
OA after ACLR have also been reported in the literature,7 14 33 34

which most likely reflect the different radiological methods and
structural features of OA assessed. We chose to define OA using
the OARSI atlas because other classification systems are limited
to the tibiofemoral joint35 or JSN.36 It is also possible that the
high prevalence of OA in our study may relate to the older age
(mean 35 years) at surgery of our cohort, especially as our
results (table 1) support previous findings that older age at
ACLR predicts OA.7 37

Debate surrounds the impact of radiographic knee OA sever-
ity on pain and function. We found that KOOS-pain was influ-
enced by combined compartmental disease severity, while
subscales such as KOOS-symptoms and KOOS-QOL were influ-
enced by increasing patellofemoral OA severity alone. Not unex-
pectedly, worse score on the AKPS, used predominantly for
patellofemoral pain conditions, was only associated with increas-
ing patellofemoral disease severity. The KOOS-ADL subscale
was not associated with severity of OA in either compartment,
which may partly relate to this subscale’s measurement proper-
ties. The KOOS-ADL subscale was the only one that did not
satisfy the regression assumptions due to its large ceiling effect,
a feature observed in other studies.3 38 The greater association
of patellofemoral OA severity with most patient-reported out-
comes, even when tibiofemoral changes were accounted for,

Figure 1 Compartmental distribution of radiographic knee
osteoarthritis.

Table 1 Participant characteristics in those with and without OA
at the 5-year to 10-year follow-up (mean (SD) unless indicated)

Outcome
No OA (n=34);
mean (SD)

OA (n=36);
mean (SD) p Value

Sex (n; male:female) 21:13 21:15 0.770
Age at surgery (years) 31 (9) 37 (10) 0.006
Age at follow-up (years) 38 (10) 45 (10) 0.006
Surgery to follow-up (years) 7 (2) 8 (2) 0.505
Height (m) 1.72 (0.90) 1.76 (0.10) 0.093
Weight (kg) 77 (16) 83 (16) 0.124
Tegner median (range)* 5 (3–9) 4 (3–9) 0.023
Anteroposterior laxity (mm)† 8 (3) 8 (3) 0.655
Flexion ROM (°) 133.7 (7.1) 131.0 (8.6) 0.184
Extension ROM deficit (°) 0.1 (2.8) 0.5 (2.4) 0.629

*Mann-Whitney U test.
†measured with KT-1000 arthrometer at 30 pounds of pressure.
OA, osteoarthritis (either patellofemoral or tibiofemoral); ROM, range of movement.
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may reflect the findings in community-based studies, which
suggest that the patellofemoral joint may be a more potent
source of knee OA symptoms than the tibiofemoral joint.29 It is
possible that, for people who have undergone ACLR, interven-
tions targeting the patellofemoral joint may have a greater
impact on KOOS-symptoms and KOOS-QOL than those target-
ing the tibiofemoral joint. Considering the bias of ACLR
rehabilitation programmes towards addressing tibiofemoral
symptoms and function, further investigation is required.

Patellofemoral OA severity was independently associated with
poorer performance on all three functional tasks. One factor
that may underpin this finding is quadriceps strength. Although
we did not measure quadriceps strength, patellofemoral OA and
associated structural features have been associated with lower
quadriceps function.39–41 Furthermore, any quadriceps strength
benefits of a HT, compared to BPTB autografts,42 resolve at
12 months postsurgery42 with no difference observed up to
10 years postsurgery.32 Therefore, it is plausible that quadriceps
weakness was a feature of patellofemoral OA after HTautograft,
contributing to decreased performance on the functional tasks.
The probability of radiographic OA progression in these indivi-
duals could be heightened by quadriceps weakness.41 43

Patellofemoral chondral injuries noted at surgery significantly
increased the odds of patellofemoral OA at the 5-year to
10-year follow-up, which is consistent with previous reports.14

In contrast, we found no association between chondral injuries
and tibiofemoral OA. Owing to our relatively low numbers,
further larger studies are needed to confirm the presence or
absence of associations between tibiofemoral chondral lesions
and OA, particularly in the lateral compartment where we
observed large CIs. This is important, since previous studies
provide conflicting results on the association between chondral
damage and tibiofemoral OA.11 14 44 Our results support previ-
ous reports of an association between medial meniscectomy and
tibiofemoral OA in the respective compartment,2 14 but not an
association with lateral meniscectomy. However, we did not
confirm previous findings of an association between meniscec-
tomy and patellofemoral OA following ACL injury.8 11 The
association between meniscal injury and long-term patellofe-
moral OA development is likely to be mediated by other factors,
such as altered loading patterns, that require further
investigation.

We observed that those who underwent an early ACLR devel-
oped less patellofemoral OA than those who waited 1 year or

Table 2 Multivariate regression analyses of the association between the Knee Injury and Osteoarthritis Outcome Score subscales, the Anterior
Knee Pain Scale and functional tasks with patellofemoral and tibiofemoral OA severity (grade 0–3)

Dependent variable Independent variable β B 95% CI of B p Value

KOOS-pain Patellofemoral OA −0.3 −3.6 −7.0 to −0.1 0.042
Tibiofemoral OA −0.3 −3.8 −7.3 to −0.2 0.037

KOOS-symptoms Patellofemoral OA −0.4 −7.0 −12.3 to −1.7 0.011
Tibiofemoral OA −0.2 −3.2 −8.6 to 2.3 0.251

KOOS-ADL Patellofemoral OA −0.2 −3.5 −9.9 to 2.8 0.268
Tibiofemoral OA 0.0 0.6 −5.9 to 7.1 0.850

KOOS-SR Patellofemoral OA −0.2 −3.2 −9.0 to 2.7 0.281
Tibiofemoral OA −0.3 −5.8 −11.8 to 0.2 0.058

KOOS-QOL Patellofemoral OA −0.5 −13.0 −20.3 to −5.8 0.001
Tibiofemoral OA −0.2 −5.8 −13.2 to 1.6 0.124

AKPS Patellofemoral OA −0.5 −8.0 −12.8 to −3.3 0.001
Tibiofemoral OA −0.1 −1.8 −6.6 to 3.1 0.468

Hop for distance* Patellofemoral OA −0.3 −13.6 −23.6 to −3.5 0.009
Tibiofemoral OA −0.2 −7.9 −18.0 to 2.2 0.123

Side hop* Patellofemoral OA −0.4 −6.5 −10.1 to −3.0 0.001
Tibiofemoral OA −0.1 −2.0 −5.6 to 1.6 0.260

One-leg rise† Patellofemoral OA −0.3 −6.3 −11.8 to −0.8 0.026
Tibiofemoral OA 0.0 0.1 −5.6 to 5.7 0.980

N=60 for patient-reported outcomes, N=65 for functional tasks.
*Adjusted for height, age and gender.
†adjusted for weight.
β, standardised regression coefficient; ADL, function in activities of daily living; AKPS, Anterior Knee Pain Scale; B, unstandardised regression coefficient; KOOS, Knee Injury and
Osteoarthritis Outcome Score; OA, osteoarthritis; QOL, quality of life; SR, function in sport and recreation.

Table 3 Association between concomitant injury and time from
ACL injury to ACLR and presence of compartmental OA presented
as ORs and 95% CIs

Outcome
Patellofemoral
OA (n=33)

Tibiofemoral
OA (n=22)

Concomitant injury
Articular cartilage* 4.6 (1.0 to 20.9) Medial: 1.6 (0.4 to 6.1)

Lateral: 4.8 (0.9 to 26.6)
Medial meniscus
(n=25)

1.9 (0.7 to 5.5) 3.7 (1.1 to 12.4)†

Lateral meniscus (n=17) 2.3 (0.7 to 7.5) 2.1 (0.6 to 7.9)†
Duration to ACLR
Early (n=19) Reference Reference
Intermediate (n=31) 2.2 (0.6 to 8.2) 3.3 (0.8 to 14.4)
Late (n=20) 2.3 (1.1 to 4.8) 1.7 (0.7 to 4.0)

Adjusted for age and gender.
Duration to ACLR: early <6 weeks, intermediate 6 weeks to 1 year and late >1 year.
For surgical delay binary logistic analyses, the early ACLR group was used as the
reference group.
*In respective compartment, patellofemoral n=13, medial tibiofemoral n=15 and
lateral tibiofemoral n=8.
†Medial meniscus associated with medial tibiofemoral OA, lateral meniscus
associated with lateral tibiofemoral OA.
ACL, anterior cruciate ligament; ACLR, ACL reconstruction; OA, osteoarthritis.
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more for an ACLR. This relationship was not observed in the
tibiofemoral compartment. Our findings are consistent with pre-
vious reports of a relationship between patellofemoral OA and
cartilage damage and longer duration from injury to
ACLR.11 14 45 While this may indicate that surgical delay is sub-
optimal for patellofemoral joint health, the patellofemoral cartil-
age has been shown to continue to deteriorate despite an
ACLR46–48 and randomised controlled trials are required to
determine whether reconstruction reduces the long-term devel-
opment of patellofemoral OA.

Physical activity assessed with the Tegner Activity Scale was
lower in those with knee OA (median 4) compared to those free
of OA (median 5). While measuring and quantifying physical
activity remains a challenge, post hoc analysis revealed that the
difference in Tegner scores was mostly observed in those with
tibiofemoral OA, as those with patellofemoral OA did not differ
in activity level from those with no OA (data not presented).
Physical activity may protect the patellofemoral joint of unin-
jured knees by decreasing the rate of patellar cartilage volume
loss over time.49 However, Neuman et al8 found that indivi-
duals with patellofemoral OA 15 years after ACLR rated higher
on the Tegner Activity Scale than those with no OA. Physical
activity levels before and after ACLR, as well as the extent of
postoperative rehabilitation performed, may be confounding
factors in the development of patellofemoral OA. However,
owing to the retrospective nature of the current study, no data
on these factors were available. Perhaps staying physically active
is a risk factor for patellofemoral OA after ACLR because of the
altered patellofemoral loading patterns that occur after injury
and persist following ACLR.9

The present study has limitations. While participants were self-
selected, which may have resulted in a selection bias towards
those with more symptoms and functional limitations, the OA
prevalence was similar to previous reports.6 8 30 32 The relatively
large number of invitation letters that did not reach potential par-
ticipants (n=105, 14%) occurred due to individuals changing
address since surgery, which is common in individuals of this age
group. Although not strictly interval data, for the purposes of
evaluating their relative contribution to symptoms and function,
tibiofemoral and patellofemoral OA severity were treated as such
in the regression models.27 28 Furthermore, this was a cross-
sectional study, and thus we did not have information on baseline
(preinjury or pre-ACLR) radiographic status. It is possible that
the presence of OA in this cohort may have been pre-existing and
not associated with the ACL injury or reconstruction. However,
no overt degeneration was observed arthroscopically at the time
of ACLR, and the rate of patellofemoral and tibiofemoral OA
found in the current study is much higher than that observed in
the uninjured contralateral knee of patients 12 years after ACLR
of a similar age (2.5%7 and 15%,1 respectively), making it
unlikely that the prevalence of OA was independent of ACLR.
Considering our findings of high patellofemoral OA, future pro-
spective studies evaluating the development of OA after ACLR
should also investigate the patellofemoral joint.

Orthopaedic and sports medicine clinicians should be aware
of the high prevalence of patellofemoral OA (47%) and tibiofe-
moral OA (31%), 5–10 years after HT autograft ACLR.
Importantly, patellofemoral OA severity was associated with
worse symptoms and decreased functional performance, inde-
pendent of tibiofemoral OA severity. Although most radio-
graphic changes observed in the patellofemoral joint were mild,
clinicians should consider the patellofemoral joint during post-
operative rehabilitation, in an attempt to address long-term
symptoms and degenerative joint disease.

What are the new findings?

▸ A hamstring tendon autograft anterior cruciate ligament
reconstruction (ACLR) does not prevent the development of
patellofemoral osteoarthritis (OA).

▸ Patellofemoral OA severity after ACLR is associated with
worse symptoms and function, independent of tibiofemoral
OA.

▸ Patellofemoral chondral lesions observed at the time of
ACLR and a surgical delay of more than 1 year predicts the
development of patellofemoral OA 5–10 years later.

How might it impact on clinical practice in the near
future?

▸ The patellofemoral compartment should be included as part
of routine radiographic examinations following anterior
cruciate ligament reconstruction (ACLR).

▸ Clinicians should consider the patellofemoral joint during
postoperative rehabilitation in an attempt to address
long-term symptoms and degenerative joint disease.

▸ Particular clinical attention should be paid to optimising
patellofemoral function in individuals with patellofemoral
chondral lesions observed at the time of ACLR.

Acknowledgements The authors would like to thank Jonathon Lentzos for
assistance with data collection and the study participants for generously giving their
time.

Contributors AGC performed all statistical analyses and interpretation of data.
CCHL assisted with participant recruitment and completed all data collection. BJG
assisted with project design and statistical analyses. MM assisted with participant
recruitment and data collection. NJC assisted with data analyses and interpretation.
BV provided statistical expertise and interpretation of data. HGM performed all
reconstructive surgeries and assisted with participant recruitment and data collection.
KMC managed the project, obtained the project funding and led the project design.
She takes full responsibility for the integrity of the work as a whole, from inception
to finished article. All authors drafted or revised the manuscript for important
intellectual content and approved of the final version of the manuscript.

Competing interests None.

Funding AGC is supported by an Australian Postgraduate Award and NJC is
supported by a National Health and Medical Research Council Health Professional
Research Training (Post-Doctoral) Fellowship.

Ethics approval The University of Melbourne Human Research Ethics Committee.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Øiestad B, Holm I, Aune A, et al. Knee function and prevalence of knee

osteoarthritis after anterior cruciate ligament reconstruction: a prospective study
with 10 to 15 years follow-up. Am J Sports Med 2010;38:2201–10.

2 Øiestad B, Engebretsen L, Storheim K, et al. Knee osteoarthritis after anterior
cruciate ligament injury: a systematic review. Am J Sports Med 2009;37:1434–43.

3 Frobell RB, Roos HP, Roos EM, et al. Treatment for acute anterior cruciate ligament
tear: five year outcome of randomised trial. BMJ 2013;346:f232.

4 Daniel DM, Stone ML, Dobson BE, et al. Fate of the ACL-injured patient: a
prospective outcome study. Am J Sports Med 1994;22:632–44.

5 Culvenor AG, Cook JL, Collins NJ, et al. Is patellofemoral joint osteoarthritis an
under-recognised outcome of anterior cruciate ligament reconstruction? A narrative
literature review. Br J Sports Med 2013;47:66–70.

6 Jarvela T, Paakkala T, Kannus P, et al. The incidence of patellofemoral osteoarthritis
and associated findings 7 years after anterior cruciate ligament reconstruction with
a bone-patellar tendon-bone autograft. Am J Sports Med 2001;29:18–24.

Culvenor AG, et al. Br J Sports Med 2014;48:435–439. doi:10.1136/bjsports-2013-092975 5 of 6

Original article

 on S
eptem

ber 18, 2021 by guest. P
rotected by copyright.

http://bjsm
.bm

j.com
/

B
r J S

ports M
ed: first published as 10.1136/bjsports-2013-092975 on 27 N

ovem
ber 2013. D

ow
nloaded from

 

http://bjsm.bmj.com/


7 Øiestad B, Holm I, Engebretsen L, et al. The prevalence of patellofemoral
osteoarthritis 12 years after anterior cruciate ligament reconstruction. Knee Surg
Sports Traumatol Arthrosc 2013;21:942–9.

8 Neuman P, Kostogiannis I, Friden T, et al. Patellofemoral osteoarthritis 15 years
after anterior cruciate ligament injury—a prospective cohort study. Osteoarthritis
Cartilage 2009;17:284–90.

9 Van de Velde SK, Gill TJ, DeFrate LE, et al. The effect of anterior cruciate ligament
deficiency and reconstruction on the patellofemoral joint. Am J Sports Med
2008;36:1150–9.

10 Lohmander S, Ostenberg A, Englund M, et al. High prevalence of knee
osteoarthritis, pain, and functional limitations in female soccer players twelve years
after anterior cruciate ligament injury. Arthritis Rheum 2004;50:3145–52.

11 Keays SL, Newcombe PA, Bullock-Saxton JE, et al. Factors involved in the
development of osteoarthritis after anterior cruciate ligament surgery. Am J Sports
Med 2010;38:455–63.

12 Ahn JH, Kim JG, Wang JH, et al. Long-term results of anterior cruciate ligament
reconstruction using bone-patellar tendon-bone: an analysis of the factors affecting
the development of osteoarthritis. Arthroscopy 2012;28:1114–23.

13 Englund M, Lohmander LS. Patellofemoral osteoarthritis coexistent with tibiofemoral
osteoarthritis in a meniscectomy population. Ann Rheum Dis 2005;64:1721–6.

14 Li RT, Lorenz S, Xu Y, et al. Predictors of radiographic knee osteoarthritis after
anterior cruciate ligament reconstruction. Am J Sports Med 2011;39:2595–603.

15 Widuchowski W, Widuchowski J, Faltus R, et al. Long-term clinical and radiological
assessment of untreated severe cartilage damage in the knee: a natural history
study. Scand J Med Sci Sports 2011;21:106–10.

16 Risberg MA, Mørk M, Jenssen HK, et al. Design and implementation of a
neuromuscular training program following anterior cruciate ligament reconstruction.
J Orthop Sports Phys Ther 2001;31:620–31.

17 Buckland-Wright C. Protocols for precise radio-anatomical positioning of the
tibiofemoral and patellofemoral compartments of the knee. Osteoarthritis Cartilage
1995;3(Suppl A):71–80.

18 Altman RD, Hochberg M, Murphy WA Jr, et al. Atlas of individual radiographic
features in osteoarthritis. Osteoarthritis Cartilage 1995;3(Suppl A):3–70.

19 Szebenyi B, Hollander A, Dieppe P, et al. Associations between pain, function, and
radiographic features in osteoarthritis of the knee. Arthritis Rheum 2006;54:230–5.

20 Cicuttini FM, Baker J, Hart DJ, et al. Association of pain with radiological changes
in different compartments and views of the knee joint. Osteoarthritis Cartilage
1996;4:143–7.

21 Roos EM, Roos HP, Lohmander LS, et al. Knee Injury and Osteoarthritis Outcome
Score (KOOS). Development of a self-administered outcome measure. J Orthop
Sports Phys Ther 1998;78:88–96.

22 Kujala UM, Jaakkola LH, Koskinen SK, et al. Scoring of patellofemoral disorders.
Arthroscopy 1993;9:159–63.

23 Gustavsson A, Neeter C, Thomee P, et al. A test battery for evaluating hop
performance in patients with an ACL injury and patients who have undergone ACL
reconstruction. Knee Surg Sports Traumatol Arthrosc 2006;14:778–88.

24 Thorstensson C, Petersson I, Jacobsson L, et al. Reduced functional performance in
the lower extremity predicted radiographic knee osteoarthritis five years later. Ann
Rheum Dis 2004;63:402–7.

25 Norkin CC, White DJ. Measurement of joint motion: a guide to goniometry. 3rd
edn. Philadelphia, PA: FA Davis Company, 2003.

26 Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament injuries. Clin
Orthop Relat Res 1985;198:43–9.

27 Hunter DJ, Zhang Y, Niu J, et al. Structural factors associated with malalignment in
knee osteoarthritis: the Boston osteoarthritis knee study. J Rheumatol
2005;32:2192–9.

28 Moyer RF, Birmingham TB, Chesworth BM, et al. Alignment, body mass and their
interaction on dynamic knee joint load in patients with knee osteoarthritis.
Osteoarthritis Cartilage 2010;19:888–93.

29 Duncan R, Peat G, Thomas E, et al. How do pain and function vary with
compartmental distribution and severity of radiographic knee osteoarthritis?
Rheumatology 2008;47:1704–7.

30 Keays SL, Bullock-Saxton JE, Keays AC, et al. A 6-year follow-up of the effect of
graft site on strength, stability, range of motion, function, and joint degeneration
after anterior cruciate ligament reconstruction. Am J Sports Med 2007;35:729–39.

31 Culvenor AG, Schache AG, Vicenzino BT, et al. Does knee external rotation differ
according to frontal plane knee alignment and the presence of patellofemoral
osteoarthritis after anterior cruciate ligament reconstruction? Osteoarthritis Cartilage
2013;21(Suppl):95.

32 Holm I, Oiestad B, Risberg M, et al. No difference in knee function or prevalence of
osteoarthritis after reconstruction of the anterior cruciate ligament with 4-strand
hamstring autograft versus patellar tendon-bone autograft: a randomized study with
10-year follow-up. Am J Sports Med 2010;38:448–54.

33 Roe J, Pinczewski L, Russell V, et al. A 7-year follow up of patellar tendon and
hamstring tendon grafts for arthroscopic anterior cruciate ligament reconstruction:
differences and similarities. Am J Sports Med 2005;33:1337–45.

34 Sajovic M, Vengust V, Komadina R, et al. A prospective, randomized comparison of
semitendinosus and gracilis tendon versus patellar tendon autografts for anterior
cruciate ligament reconstruction: five-year follow-up. Am J Sports Med
2006;34:1933–40.

35 Kellgren J, Lawrence J. Radiological assessment of osteo-arthrosis. Ann Rheum Dis
1957;16:494–502.

36 Hefti E, Müller W, Jakob RP, et al. Evaluation of knee ligament injuries with the
IKDC form. Knee Surg Sports Traumatol Arthrosc 1993;1:226–34.

37 Seon JK, Song EK, Park SJ. Osteoarthritis after anterior cruciate ligament
reconstruction using a patellar tendon autograft. Int Orthop 2006;30:94–8.

38 Frobell R, Roos E, Roos H, et al. A randomized trial of treatment for acute anterior
cruciate ligament tears. N Engl J Med 2010;363:331–42.

39 Stefanik JJ, Guermazi A, Zhu Y, et al. Quadriceps weakness, patella alta, and
structural features of patellofemoral osteoarthritis. Arthritis Care Res
2011;63:1391–7.

40 Peat G, Duncan RC, Wood LRJ, et al. Clinical features of symptomatic
patellofemoral joint osteoarthritis. Arthritis Res Ther 2012;14:R63.

41 Amin S, Baker K, Niu J, et al. Quadriceps strength and the risk of cartilage loss and
symptom progression in knee osteoarthritis. Arthritis Rheum 2009;60:189–98.

42 Feller JA, Webster KE. A randomized comparison of patellar tendon and hamstring
tendon anterior cruciate ligament reconstruction. Am J Sports Med
2003;31:564–73.

43 Segal NA, Glass NA, Torner J, et al. Quadriceps weakness predicts risk for knee
joint space narrowing in women in the MOST cohort. Osteoarthritis Cartilage
2010;18:769–75.

44 Shelbourne KD, Jari S, Gray T. Outcome of untreated traumatic articular cartilage
defects of the knee: a natural history study. J Bone Joint Surg Am 2003;85:8–16.

45 Oksam A, Dmytruk V, Proust J, et al. Patellar chondropathy prevalence at anterior
cruciate ligament reconstruction: analysis of 250 cases. Orthop Traumatol Surg Res
2009;95:36–9.

46 Wang H, Ao Y, Chen L, et al. Second-look arthroscopic evaluation of the articular
cartilage after primary single-bundle and double-bundle anterior cruciate ligament
reconstructions. Chin Med J 2011;124:3551–5.

47 Shino K, Nakagawa S, Inoue M, et al. Deterioration of patellofemoral articular
surfaces after anterior cruciate ligament reconstruction. Am J Sports Med
1993;21:206–11.

48 Asano H, Muneta T, Ikeda H, et al. Arthroscopic evaluation of the articular cartilage
after anterior cruciate ligament reconstruction: a short-term prospective study of 105
patients. Arthroscopy 2004;20:474–81.

49 Wijayaratne SP, Teichtahl AJ, Wluka AE, et al. The determinants of change in
patella cartilage volume—a cohort study of healthy middle-aged women.
Rheumatology 2008;47:1426–9.

6 of 6 Culvenor AG, et al. Br J Sports Med 2014;48:435–439. doi:10.1136/bjsports-2013-092975

Original article

 on S
eptem

ber 18, 2021 by guest. P
rotected by copyright.

http://bjsm
.bm

j.com
/

B
r J S

ports M
ed: first published as 10.1136/bjsports-2013-092975 on 27 N

ovem
ber 2013. D

ow
nloaded from

 

http://bjsm.bmj.com/

