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Do Bone–Patellar Tendon–Bone
ACL-Reconstructed Knees Have More
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Background: The prevalence of patellofemoral joint (PFJ) osteoarthritis ranges from 8% to 47% at 7 to 10 years after anterior
cruciate ligament reconstruction (ACLR) using bone–patellar tendon–bone (BTB) autograft. In performing BTB ACLR, some
hypothesize that either trauma caused by harvest of the BTB autograft or altered biomechanics contributes to PFJ posttraumatic
osteoarthritis.

Purpose/Hypothesis: To determine whether knees with ACLR using a BTB autograft show early signs of posttraumatic osteo-
arthritis as compared with the contralateral uninjured knee 2 years after ACLR. We hypothesized that a BTB autograft will not
increase the prevalence of PFJ osteoarthritis.

Study Design: Cohort study; Level of evidence, 3.

Methods: Bilateral knee 3-T magnetic resonance imaging (MRI) scans were collected in 57 patients (mean age, 20.3 years; 28 men)
from a single site at a minimum of 2 years after ACLR. Structural MRI assessment of the knees was performed using the MRI
Osteoarthritis Knee Score semiquantitative scoring system by a board-certified musculoskeletal radiologist. The presence of
cartilage defects in the patellofemoral compartment was compared between the reconstructed and contralateral uninjured knees
using logistic regression analyses.

Results: There were no significant differences in the prevalence of cartilage defects (full thickness or any thickness) in the PFJ
between the BTB ACLR knees and the contralateral control knees: 38.6% of BTB ACLR knees had PFJ cartilage defects versus
31.6% of contralateral control knees (P > .391). The 95% CI for the difference between these groups was –9.0% to 23.0%.

Conclusion: When comparing BTB ACLR knees with the uninjured contralateral knees in the study patients, we failed to observe
statistically significant differences in the prevalence of PFJ cartilage lesions of full thickness or any thickness. These results should
be used in shared decision-making with athletes when choosing the appropriate autograft during reconstruction. Our wide 95%
CIs secondary to a smaller sample size demonstrate a need for larger studies in this area to more accurately describe the difference
between the operative and contralateral knees.
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The annual incidence of anterior cruciate ligament (ACL)
tears in the United States is 120,000 and continues to rise
because of increasing participation in high school and orga-
nized sports.11 Multiple studies have shown that patients
are susceptible to posttraumatic osteoarthritis (PTOA)
development after ACL injury even with ACL reconstruction

(ACLR).13,17,18 A meta-analysis by Claes et al2 showed that
28% of patients at a minimum of 10 years after ACLR had
radiographic evidence of osteoarthritis (OA). Specifically,
patellofemoral joint (PFJ) OA after ACLR is increasingly
being recognized as a clinically significant determinant of
patient outcome and has a median prevalence of 36% at
2 to 15 years after ACLR.5

It is commonly held that trauma caused by harvest of the
patellar bone autograft in performing bone–patellar tendon–
bone (BTB) autograft ACLR could contribute to PFJ OA and
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cartilage defects. In comparing OA among different graft
types, Li et al13 found a 17% prevalence of radiographic PFJ
OA in the hamstring ACLR group versus 30% prevalence in
the BTB ACLR group at 7 years postoperatively. However,
graft type was not a significant predictor of radiographic OA
after applying multivariable modeling. Similarly, Keays
et al12 reported a 30% prevalence of radiographic PFJ OA
after hamstring autograft ACLR versus 41% prevalence
after BTB autograft ACLR 6 years postoperatively, which
was not a statistically significant difference. In a recent sys-
tematic review, there were mixed results showing a signifi-
cant versus nonsignificant relationship between BTB ACLR
and PFJ OA, with the authors concluding that there was
limited evidence of no relationship.16

To study PFJ OA after ACLR, we used the Multicenter
Orthopaedic Outcomes Network (MOON) consortium
cohort. This is a prospective cohort with standardized
reporting of intraoperative findings and patient factors,
rehabilitation protocols, and postoperative imaging techni-
ques. The current article reports data from the MOON’s
nested cohort: a group of younger patients injured during
sports, with previously uninjured bilateral knees and with-
out any preexisting risk factors for OA or prior surgical
treatments. This subgroup is ideally suited to evaluate the
initiation, progression, and modifiable risk factors of early
OA after ACLR.21

Our study investigates how BTB autograft ACLR affects
the PFJ cartilage morphology and OA based on 3-T mag-
netic resonance imaging (MRI) at a minimum of 2 years
postoperatively. We hypothesize that a BTB autograft har-
vested using a minimally traumatic technique will not
increase the risk of PFJ PTOA signs on MRI as compared
with the uninjured contralateral knee.

METHODS

Patients and Data Collection

This study was approved by our hospital’s institutional
review board. Patients were enrolled from the practice of

a single senior surgeon (K.P.S.) from within the MOON’s
prospective nested cohort. These patients underwent BTB
autograft ACLR between December 1, 2006, and November
1, 2008. Sample size was determined by including all pos-
sible patients in this date range based on the following
criteria: an injury sustained while participating in a sport,
a primary ACLR without any other concomitant ligamen-
tous surgery, no previous surgery on the contralateral
knee, no subsequent revision ACLR on the index knee at
the time of follow-up, and age <36 years at the time of 2-
year follow-up. At the time of surgery, patients completed
standardized forms with information including demograph-
ics and patient-reported outcome measures.15 At the same
time, the surgeon filled out a standardized data collection
form detailing meniscal and articular cartilage status/
treatment. Every patient was given a standardized rehabil-
itation protocol outlined by Wright et al.22

Patients returned for on-site follow-up as part of the
nested cohort at a minimum of 2 years after primary ACLR
for radiographs, physical examination, and completion of
the same set of patient-reported outcome instruments as
had been completed at baseline. Additionally, these indi-
viduals had MRI scans of their operative and contralateral
nonoperative knees as part of a bioabsorbable screw study.3

Patient enrollment and follow-up are highlighted in
Figure 1.

Surgical Technique

A 2-incision ACLR technique with BTB autograft was used
for all patients in the cohort.14 A BTB autograft was har-
vested from the ipsilateral knee using a single longitudi-
nal incision. After dissection of the patellar tendon, the
central third of the tendon was used with a 20 to
25 mm–long bone block from the patella and tibial tuber-
cle. For patellar bone block harvest, steps were taken to
prevent iatrogenic compression of the patellar and troch-
lear articular cartilage: a narrow blade oscillating saw was
used to a depth of 6 to 7 mm angled to create a trapezoidal
bone block; the cuts were not extended to the posterior
cortex of the patella; and the patellar bone block was
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gently elevated with a quarter-inch osteotome with only 2-
finger pressure and a minimum of mallet taps. A residual
bone graft was placed into the patellar defect, and the
patellar tendon was closed in 90� of flexion with inter-
rupted heavy absorbable suture. Femoral and tibial tun-
nels were drilled using the 2-incision technique, and
interference screws were used for fixation.

MRI and Scoring at 2 Years

Imaging was performed on the surgical and contralateral
knees on 3-T MRI (Philips Achieva) with a dedicated knee
coil. The protocol included intermediate-weighted sagittal
turbo spin echo imaging (repetition time [TR] / echo time
[TE] ¼ 2930/30 ms; voxel, 0.3 � 0.3 � 2.5 mm3), fat-
saturated turbo spin echo imaging (axial, TR/TE ¼ 3269/
30 ms [voxel, 0.5 � 0.5 � 4 mm3]; coronal, TR/TE ¼ 2270/
30 ms [voxel, 0.5 � 0.5 � 4 mm3]), and 3-dimensional
coronal gradient echo imaging (fast-field echo; TR/TE ¼
20/7.6 ms; voxel, 0.3 � 0.3 � 1.5 mm3). The MRI Osteoar-
thritis Knee Score (MOAKS) semiquantitative scoring sys-
tem was used to score the surgical and contralateral knees.8

The MOAKS is a thorough evaluation method commonly
used in the radiology literature, and similar semiquantita-
tive scoring systems have been validated.9 A board-certified
musculoskeletal radiologist (F.A.) performed all scoring.
ACL status could not be blinded as a result of the ability
to see tunnel remnants and hardware in the surgical knee.
Scored components on each MRI scan included the follow-
ing: cartilage defects in each knee compartment (medial,
lateral, patellofemoral), meniscal tears (medial, lateral;
yes/no), bone marrow edema–like lesions (medial, lateral,
patellofemoral; yes/no), effusion (yes/no), and Hoffa synovi-
tis (yes/no). In the PFJ, knees were graded by percentage of
surface area involved with cartilage loss of any thickness or
full thickness, and this was summarized and reported as

prevalence of cartilage lesions in each knee. Bone marrow
edema–like lesions in each subregion were also counted as
the total number of discrete lesions.

Statistical Analysis

Descriptive statistics were used to summarize demograph-
ics, MOAKS differences between surgical and contralateral
knees, and patient-reported outcome changes over time. To
compare MRI differences in the entire knee between surgical
and contralateral knees, hypothesis testing was performed
using logistic regression analysis. The PFJ was 1 of the 3
compartments analyzed (the other being the medial and lat-
eral compartments). Logistic regression models were fit
where the dependent variable was cartilage loss (presence
or absence) and the independent variable was knee status
(surgical or contralateral). Two models were created: 1 with
any full-thickness cartilage loss and 1 with any cartilage
lesions in the patellofemoral compartment. The knee was
used as the unit of analysis. Generalized estimating equa-
tions were used to account for the correlation between knees
from the same patient. P < .05 was considered statistically
significant. The modeling results and statistical testing pre-
sented in this article are for the PFJ.

RESULTS

A total of 57 patients with BTB ACLR returned on-site at a
minimum of 2 years postsurgically (mean ± SD time from
surgery to testing, 2.9 ± 0.1 years). The mean age of the
patients was 20.3 years, with 28 men in the group (Table 1).
During baseline diagnostic arthroscopy, 4 patients had
Outerbridge grade 1 and 2 changes on the patella, and 1
patient had Outerbridge grade 4 changes on the trochlea.
All other patients had normal patellofemoral joint cartilage
morphology on diagnostic arthroscopy at baseline.

The BTB ACLR knees had more cartilage defects in the
tibiofemoral medial and lateral compartments and more
meniscal tears, bone marrow edema, effusion, and Hoffa
synovitis than the contralateral knees (Table 2). There

57 Subjects Imaged

5 ineligible for nested cohort
3 ineligible for MRI
3 had allogra�

7 not reached
13 refused
1 consented, then became ineligible
6 par�cipated too late to be in imaging 

study
1 failed MRI safety screen

96 Subjects Enrolled in Overall Cohort

85 Eligible for Study

Figure 1. STROBE diagram of patients enrolled and followed
up with imaging. MRI, magnetic resonance imaging.

TABLE 1
Patient Characteristics

Mean ± SD (Range) or No. (%)

Age, y 20.3 ± 5.12 (13-32)
Body mass index, kg/m2 23.9 ± 3.64 (18.3-37.7)
Female:male 29:28 (50.9:49.1)
Smoking status, never:quit >6

mo:current
49:6:2

Education, y 12.5 ± 3.03 (7-19)
Meniscal treatment, no tear:tear

Medial 31:26a

Lateral 16:41b

aTear: 8, no treatment; 12, repair; 2, abrade and trephine;
4, excision.

bTear: 13, no treatment; 2, repair; 2, abrade and trephine;
24, excision.
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were no statistically significant differences in the preva-
lence of cartilage defects (any lesions or full-thickness loss)
in the PFJ between the surgical BTB ACLR knees and the
uninjured contralateral control knees: 15.8% of BTB ACLR
knees had full-thickness PFJ cartilage defects versus 12.3%
of contralateral control knees (P ¼ .478) (Table 3). Simi-
larly, 38.6% of BTB ACLR knees had any PFJ cartilage
lesion as compared with 31.6% of contralateral control
knees (P ¼ .391) (Table 4). The 95% CI for the difference
between these groups was –9.0% to 23.0%. If knees did have

any cartilage lesion, they were most prevalent in the medial
patella. Figure 2 shows examples of pathology in the PFJ on
MRI for the reconstructed and contralateral uninjured
knees. At a minimum of 2-year follow-up, outcomes on the
KOOS (Knee injury and Osteoarthritis Outcome Score) for
Symptoms, Sports, Pain, and Activities of Daily Living
scores were maintained at a high level, with means ranging
from 87 to 98.

DISCUSSION

The purpose of this study was to determine whether any
PFJ differences were present between knees in a prospec-
tive cohort of 57 young, active patients undergoing BTB
ACLR who were followed up a minimum of 2 years after
surgery. With the patients available in this study, we failed
to observe a difference in the prevalence of MRI-detected
PFJ cartilage defects between BTB ACLR knees and con-
tralateral nonoperated knees 2 years after surgery with the
aforementioned BTB harvest technique. There was no dif-
ference found between BTB ACLR knees and contralateral
knees in the presence of any full-thickness cartilage defect
or any cartilage defect in the PFJ. However, the wide 95%
CI of –9.0% to 23.0% for any-thickness cartilage defects,
which is a factor of the smaller sample size, indicates that
a larger study is necessary to make an accurate statement
regarding the difference in prevalence between the opera-
tive and contralateral knees. There was a relatively high
prevalence of PFJ cartilage lesions in both groups, with
38.6% of BTB ACLR knees and 31.6% of contralateral con-
trol knees having a lesion of any thickness. Regardless of
the prevalence of PFJ OA, patients maintained high levels
in patient-reported outcomes, with KOOS means ranging
from 87 to 98 (of 100 points) for Symptoms, Sports, Pain,
and Activities of Daily Living.

Radiographic PFJ PTOA has been demonstrated across
numerous studies regardless of graft type, with a median
prevalence of 36% at 2 to 15 years after ACLR.5 Specifically

TABLE 2
Osteoarthritis-Related Lesions Graded With MOAKS at

2-Year Follow-upa

Contralateral
Knee

BTB ACLR
Knee

Cartilage lesion
Medial

Any lesion 2 (3.5) 15 (26.3)
Full-thickness loss 0 (0) 1 (1.8)

Lateral
Any lesion 3 (5.3) 23 (40.4)
Full-thickness loss 0 (0) 11 (19.3)

Patellofemoral
Any lesion 18 (31.6) 22 (38.6)
Full-thickness loss 7 (12.3) 9 (15.8)

Meniscal tear
Medial 0 (0) 26 (45.6)
Lateral 0 (0) 18 (31.6)

Bone marrow edema–like lesions
Medial 0 (0) 1 (1.8)
Lateral 0 (0) 8 (14.0)
Patellofemoral 4 (7.0) 3 (5.3)

Effusion 1 (1.8) 6 (10.5)
Hoffa synovitis 6 (10.5) 16 (28.1)

aData are reported as No. (%). ACLR, anterior cruciate liga-
ment reconstruction; BTB, bone–patellar tendon–bone; MOAKS,
MRI Osteoarthritis Knee Score.

TABLE 3
Prevalence of Full-Thickness Loss in the Patellofemoral

Jointa

Prevalence, No. (%)

Contralateral
Knee

BTB ACLR
Knee

Difference
(95% CI), %

P
Value

Trochlea
Medial 3 (5.3) 7 (12.3)
Lateral 1 (1.8) 4 (7.0)

Patella
Medial 3 (5.3) 1 (1.8)
Lateral 3 (5.3) 2 (3.5)

Overallb 7 (12.3) 9 (15.8) 3.5 (–6.2 to 13.2) .478

aACLR, anterior cruciate ligament reconstruction; BTB, bone–
patellar tendon–bone.

bOverall sum is with the knee as the unit of analysis, and the
value can include multiple lesions.

TABLE 4
Prevalence of Any Grade Lesion in the Patellofemoral

Jointa

Prevalence, No. (%)

Contralateral
Knee

BTB ACLR
Knee

Difference
(95% CI), %

P
Value

Trochlea
Medial 4 (7.0) 8 (14.0)
Lateral 2 (3.5) 7 (12.3)

Patella
Medial 11 (19.3) 15 (26.3)
Lateral 7 (12.3) 9 (15.8)

Overallb 18 (31.6) 22 (38.6) 7.0 (–9.0 to 23.0) .391

aACLR, anterior cruciate ligament reconstruction; BTB, bone–
patellar tendon–bone.

bOverall sum is with the knee as the unit of analysis, and the
value can include multiple lesions.
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examining BTB autograft ACLR, Järvelä et al10 showed a
47% incidence of radiographic PFJ PTOA 7 years postsur-
gically, and Ahn et al1 reported a 7.6% prevalence of radio-
graphic PFJ PTOA 10 years after surgery. These
radiographic studies have been informative in demonstrat-
ing the impact of PFJ PTOA with a longer follow-up, but
they do not address the clinically important question about
the impacts of early, preradiographic PTOA on articular
cartilage after ACLR. As used in the current study, MRI
is ideally suited to answer questions about early PFJ
PTOA, as it has shown a greater sensitivity than radio-
graphs to the early changes of OA.20

Various study designs using MRI have been employed to
investigate early PFJ PTOA after ACLR, with most show-
ing a high prevalence at an early time point. Culvenor et al4

compared hamstring autograft ACLR knees with uninjured
matched controls using MOAKS 1 year after surgery, and
they found a prevalence of 17% PFJ PTOA as compared
with uninjured controls, who had no PFJ OA features.

The femoral trochlea was the most affected region in that
study, and similar to our findings, it showed that trochlear-
sided defects were more prevalent in the ACLR knee than
the contralateral control knee (Tables 3 and 4). It is possible
that the patellar cartilage, which is thicker, may be more
resilient to major changes over the course of 2 years, but the
trochlea, with thinner cartilage, could break down faster.
Frobell7 used serial quantitative MRI to study ACL-injured
knees treated with reconstruction with hamstring or BTB
autografts or nonoperatively over 2 years. The study found
significant cartilage thinning occurring in the trochlea; and

Figure 2. Sample MRI at 2 years after BTB ACLR. (A) Axial intermediate-weighted fat-saturated MRI of a BTB ACLR knee demon-
strating full-thickness chondral fissuring in the patellar cartilage with a subchondral cyst (large arrow). (B) The contralateral control
knee from the same patient shows full-thickness chondral fissuring with cartilage delamination (small arrow) in the medial patella with
associated subchondral bone marrow edema–like lesion. (C) Sagittal intermediate-weighted MRI of a BTB ACLR knee demonstrating
an intermediate-size cartilage lesion in the trochlea (large arrow) with small areas of full-thickness cartilage loss and relative pres-
ervation of the patellar cartilage. (D) The contralateral control knee of the same patient shows patellofemoral compartment cartilage
defects—in this case, a large cartilage lesion in the patella (small arrow) with moderate-size areas of full-thickness loss and small
areas of associated subchondral bone marrow edema–like lesions (not shown). The trochlear cartilage is preserved. ACLR, anterior
cruciate ligament reconstruction; BTB, bone–patellar tendon–bone; MRI, magnetic resonance imaging.
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interestingly, after 2 years, operative versus nonoperative
treatment was not related to any differences in cartilage
morphology. Last, Patterson et al19 found progression of
PFJ PTOA using MOAKS from 1 to 5 years after hamstring
ACLR, with worsening of cartilage defects in 44% of
patients over the course of 4 years. These reports studied
hamstring autograft or mixed graft ACLR in the patient
population, which makes it difficult to draw conclusions
about early PFJ PTOA when using BTB autograft. Our
study is unique to previous MRI PTOA studies in that our
cohort includes only patients who have undergone BTB
autograft ACLR and we have compared the findings with
the contralateral uninjured knees. The contralateral unin-
jured knee serves as an ideal control in that it perfectly
matches the injured knee’s age, sex, body mass index,
smoking status, and activity level. Like prior MRI studies,
our study demonstrated a higher-than-anticipated 38.6%
prevalence of any grade PFJ cartilage lesions 2 years after
surgery. Importantly, there was no statistically significant
difference found between BTB ACLR knees and contralat-
eral knees in the prevalence of any full-thickness lesions
and any cartilage defect in the PFJ, although this conclu-
sion is made in the context of a wide confidence interval
because of our sample size. With these results, factors other
than graft type (eg, altered PFJ biomechanics or quadriceps
dysfunction) could be causative of PFJ OA in injured and
uninjured knees in these patients. When using MRI and
dual-orthogonal fluoroscopy to study patellar biomechan-
ics, there is persistent abnormal patellar rotation, tilt, and
lateral shift in PFJ cartilage contact even after ACLR.6

The current study has several limitations. The sample
size of 57 patients who had MRI scans on both knees was
small, which led to the wide confidence interval when
determining the difference between PFJ OA in the opera-
tive and contralateral knees. This sample size included all
possible patients in the study period and was not easily
expandable; however, a larger sample size would allow a
stronger conclusion to be drawn. This study’s conclusions
are hypothesis-generating for future studies, and counsel-
ing patients with these results is merely 1 factor in many
that help surgeons determine graft type. Furthermore, this
study’s analysis assesses only for the presence of full-
thickness or any-thickness cartilage defects in the PFJ as
a whole—not the number, severity, or size of cartilage
defects. Evaluation of other risk factors associated with
PTOA presence or severity was not conducted in this popu-
lation. Future investigations can be conducted to further
assess risk factors and PTOA severity.

CONCLUSION

When comparing BTB ACLR knees with the contralateral
uninjured knees, we failed to observe statistically signifi-
cant differences in the prevalence of PFJ cartilage lesions of
any or full thickness with our BTB harvesting technique.
However, our smaller sample size resulted in a large confi-
dence interval, so a larger study is needed to more accu-
rately describe the differences. These results can be
valuable in counseling patients before ACLR and can be 1

factor among many in choosing the appropriate graft dur-
ing reconstruction.
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