Systematic Review

Following Anterior Cruciate Ligament ®
Reconstruction With Bone—Patellar Tendon—Bone
Autograft, the Incidence of Anterior Knee Pain
Ranges From 5.4% to 48.4% and the Incidence of
Kneeling Pain Ranges From 4.0% to 75.6%: A
Systematic Review of Level I Studies

Liam A. Peebles, B.A., Ramesses A. Akamefula, B.S., Zachary S. Aman, B.A.,
Arjun Verma, B.S., Anthony J. Scillia, M.D., Mary K. Mulcahey, M.D., and
Matthew J. Kraeutler, M.D.

Purpose: To (1) perform a systematic review of level I randomized controlled trials (RCTs) detailing the incidence of
anterior knee pain and kneeling pain following anterior cruciate ligament reconstruction (ACLR) with bone—patellar
tendon—bone (BPTB) autograft and (2) investigate the effect of bone grafting the patellar harvest site on anterior knee
and kneeling pain. Methods: A systematic review of level I studies from 1980 to 2023 was performed according to
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The primary outcome evaluated was the
presence of donor site morbidity in the form of anterior knee pain or kneeling pain. A secondary subanalysis was per-
formed to assess for differences in the incidence of postoperative pain between patient groups undergoing ACLR with
BPTB receiving harvest site bone grafting and those in whom the defect was left untreated. Results: Following full-text
review, 15 studies reporting on a total of 696 patients met final inclusion criteria. Patients were followed for an average of
4.78 years (range, 2.0-15.3), and the mean age ranged from 21.7 to 38 years old. The incidence of anterior knee pain,
calculated from 354 patients across 10 studies, ranged from 5.4% to 48.4%. The incidence of postoperative pain with
kneeling was determined to range from 4.0% to 75.6% in 490 patients from 9 studies. Patients treated with bone grafting
of the BPTB harvest site had no significant difference in incidence of any knee pain compared with those who were not
grafted, with incidences of 43.3% and 40.2%, respectively. Conclusions: Based on the current level I RCT data, the
incidences of anterior knee pain and kneeling pain following ACLR with BPTB autograft range from 5.4% to 48.4% and
4.0% to 75.6%, respectively. Level of Evidence: Level I, systematic review of RCTs.

nterior cruciate ligament (ACL) injuries are reconstruction (ACLR), postsurgical rehabilitation and

debilitating and comprise a large portion of all
traumatic knee pathologies. Injury to this ligament can
occur in both noncontact and contact settings and is
especially prevalent in athletic populations.' For those
who undergo surgical intervention via ACL

other factors (e.g., graft type, graft fixation, surgical
technique, and adherence to postoperative rehabilita-
tion) impact long-term outcomes and overall patient
satisfaction.” Graft type is a heavily debated topic, as
many surgeons argue that different graft types come
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with specific advantages and disadvantages. Regardless
of anatomic source, several studies have demonstrated
superior outcomes and significantly lower re-rupture
rates following ACLR with autograft compared with
allograft, especially in young athletes.”” Although
bone—patellar tendon—bone (BPTB) autograft has been
considered the gold standard graft, disadvantages
include donor site morbidity, including anterior knee
pain and pain with kneeling. The inclination to
decrease donor site morbidity associated with BPTB
autograft has prompted some surgeons to utilize other
graft types for ACLR, such as quadriceps tendon (QT)
autograft.” Several previous studies have demonstrated
similar outcomes, stability, and graft survival with
decreased donor site morbidity when using QT auto-
graft compared with BPTB and hamstring tendon
autografts.®'’

There is large variability in the incidence of anterior
knee pain and kneeling pain following ACLR with
BPTB autograft. As other graft options gain popularity,
acquiring an accurate incidence of graft type morbidity
will be essential to compare graft options. The purpose
of this study was to (1) perform a systematic review of
level I randomized controlled trials (RCTs) detailing the
incidence of anterior knee pain and kneeling pain
following ACLR with BPTB autograft and (2) investi-
gate the effect of bone grafting the patellar harvest site
on anterior knee and kneeling pain. It was hypothe-
sized that low rates of postoperative anterior knee pain
and pain with kneeling would be reported following
ACLR with BPTB and that bone grafting of the donor
site. would not improve the incidence of patient-
reported knee pain postoperatively.

Methods

Study Inclusion

A systematic review was performed according to
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. The search query was per-
formed in February 2023 using the Cochrane Database
of Systematic Reviews, the Cochrane Central Register
of Controlled Trials, PubMed (1980-2023), Ovid
MEDLINE (1980-2023), and Embase (1980-2023). The
search terms utilized were “Anterior Cruciate Liga-
ment” AND “Patellar Tendon” AND “Pain” AND
“Randomized.”

Inclusion criteria were English language level I RCTs
published between 1980 and 2023 reporting the inci-
dence of anterior knee pain or kneeling pain in patients
undergoing primary ACLR with BPTB autograft at
minimum 2-year follow-up. The exclusion criteria were
studies that included patients undergoing revision
ACLR or those with multi-ligament knee injuries,
cadaveric studies, diagnostic imaging studies, surgical
technique studies, biomechanical studies, histological

descriptions, case reports, and review articles. For
studies reporting on double cohorts from the same se-
nior author, only the most recent study with the longest
available follow-up was included to increase the reli-
ability of the aggregated data. Included articles were
obtained following exclusion of duplicates, assessment
of identified abstracts, and final review of full-text ar-
ticles. Two investigators (L.A.P. and R.A.A.) indepen-
dently reviewed abstracts from all identified articles. A
third reviewer (Z.S.A.) was utilized to resolve any dis-
agreements regarding inclusion criteria if needed. If
necessary, full-text articles were obtained for review to
allow for further application of inclusion and exclusion
criteria. In addition, the reference lists from included
studies were reviewed and reconciled to ensure that all
eligible articles were included.

Data Collection

The primary outcome recorded was combined inci-
dence of patient-reported anterior knee pain or
kneeling pain following ACLR. The incidence of
generalized, joint line, or hardware-related pain was
not included in the primary outcome analysis. Sec-
ondary variables included bone grafting of the patellar
harvest site, type of bone graft utilized, closure of the
tendinous graft defect, and graft size. Patient de-
mographics, graft harvesting and reconstruction tech-
nique, and rehabilitation protocols were also recorded
and qualitatively reviewed.

Quality Assessment and Critical Appraisal

All included studies were reviewed by 2 authors
(L.A.P. and R.A.A.) independently to evaluate for
quality and risk of bias for controlled trials using the
Grading of Recommendations Assessment, Develop-
ment and Evaluation assessment methodology and the
Jadad score.''”"” A Jadad score of 3 or higher is
considered high-quality.

Statistical Analysis

Statistical analysis was performed using R software (R
Foundation for Statistical Computing, Vienna, Austria).
All studies were amenable to quantitative analysis. The
total number of patients reporting anterior knee pain or
kneeling pain was recorded for each study, and the
incidence across the included studies was calculated as a
proportion based on total patients reporting post-
operative pain versus the total patient population.
Statistical heterogeneity between trials was evaluated
by the % and I? tests, with significance set at P < .01.
Random effects and fixed effects models were used
depending on the heterogeneity of the studies included.
A subanalysis with * and I” tests was also performed to
evaluate the pooled incidence of anterior knee pain or
kneeling pain between patient groups undergoing
ACLR with BPTB treated with harvest site bone grafting
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Fig 1. PRISMA flowchart based on study
inclusion criteria. (PRISMA, Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses.)
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and those in whom the defect was left untreated.
Incidence was reported as proportions with 95% con-
fidence interval (CI).

Results

Study Demographics

The literature search identified 658 articles, and 15
studies met final inclusion criteria following full-text re-
view (Fig 1). A total of 725 patients were included across
the 15 studies, with 469 (64.6%) male patients, 206
(28.4%) female patients, and 50 (6.9%) patients for
whom sex was not reported (Table 1). Patients were fol-
lowed for an average of 4.78 years (range, 2.0-15.3), and
the mean age across the included studies ranged from 21.7
to 38 years old. All included studies received a Jadad score
of 3 or higher (range, 3-4); however, none of the studies
were performed in a double-blinded fashion and thus
were ineligible for a maximal score of 5 (Table 1). Because
of the high degree of heterogeneity across studies (I* >
75%), a formal meta-analysis was not performed to

calculate pooled incidence of postoperative knee pain
following ACLR with BPTB autograft.

Incidence of Anterior Knee Pain and Kneeling Pain

Four studies'*'” reported both anterior knee pain and
kneeling pain in patients undergoing ACLR with BPTB
autograft, whereas 6 additional studies'®?’ reported
only anterior knee pain and the remaining 5 studies****
reported only kneeling pain. The incidence of anterior
knee pain, calculated from 354 patients across 10
studies,'**” ranged from 5.4% to 48.4% (Fig 2, Table 2).
The incidence of postoperative pain with kneeling was
determined to range from 4.0% to 75.6 % in 490 patients
from 9 studies (Fig 3, Table 2).'*"'7**?¥ The incidence of
patients reporting any knee pain, either anterior or
kneeling pain, ranged from 9.7% to 86.4% across the 15
included studies (Fig 4)."***

Effects of Bone Grafting at Patellar Harvest Site
With regard to the subgroup analysis assessing the
impact of BPTB harvest site bone grafting on
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Table 1. Study Demographics

Study Jadad score Follow-up, years N (male, female) Mean age, years
Aglietti et al., 2004>" 4 2.00 0 (46, 14) 25.0
Aune et al., 2001'® 3 2.00 35 (19, 16) 25.0
Barenius et al., 2010%° 3 8.40 78 (38, 14) 33.0
Brandsson et al., 1998"7 4 2.00 60 (40, 20) 28.0
Drogset et al., 2010'* 4 2.00 0 (NR, NR) 26.0
Guglielmetti et al., 2021°° 3 2.00 31 (23, 8) 25.2
Gupta et al., 2020%° 4 2.00 0 (79, 1) 25.0
Ibrahim et al., 2005%' 3 6.75 0 (40, 0) 22.3
Matsumoto et al., 2006"’ 3 7.25 7 (21, 16) 23.7
Mohtadi et al., 2019%7 4 5.00 103 (60, 43) 33.8
Sajovic et al., 201177 3 11.00 5 (16, 9) 38.0
Shaieb et al., 2002*° 3 2.75 3 (26, 7) 32.0
Taylor et al., 2009%* 4 2.70 2 (25,7) 21.7
Webster et al., 2016'¢ 3 15.30 2 (16, 6) 26.6
Zaffagnini et al., 2011"7 4 8.60 9 (20, 19) 26.0
NR, not reported.
postoperative pain (anterior or kneeling) incidence, 9  harvest site and 4 studies' ' ****” (250 patients) elected

studies' 11923242730 ¢pecified their approach to

donor site management. Of these, 5 studies'®'”?%2*2%
(138 patients) reported bone grafting of the BPTB

Incidence Included
Study Anterior Knee Pain (n) Patients Proportion
Aune 2001 6 29 0.207
Brandsson 1998 9 50 0.180
Drogset 2010 12 50 0.240
Guglielmetti 2021 15 31 0.484
Ibrahim 2005 10 40 0.250
Matsumoto 2005 2 37 0.054
Sajovic 2011 5 25 0.200
Shaieb 2002 13 31 0.419
Webster 2016 8 22 0.364
Zaffagnini 2011 9 39 0.231

to leave the defect unaddressed. Although none of the
5 studies performed formal bone grafting of the donor
sites on the patella and tibial tubercle, all reported using

r
0
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Fig 2. Forest plot and 95% CIs for incidence of patients reporting anterior knee pain following ACLR with BPTB autograft.
(ACLR, anterior cruciate ligament reconstruction; BPTB, bone—patellar tendon—bone; CIs, confidence intervals.)
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Table 2. Incidence of Anterior Knee Pain and Pain With Kneeling by Study

Anterior

Patients Anterior knee knee pain Kneeling pain
Study analyzed, N pain, N incidence, % Kneeling pain, N incidence, %
Aglietti et al., 2004 60 - - 37 61.7
Aune et al., 2001'® 29 6 20.7 - -
Barenius et al., 2010%° 78 - - 59 75.6
Brandsson et al., 1998"7 50 9 18.0 - -
Drogset et al., 2010 50 12 24.0 2 4.0
Guglielmetti et al., 2021°° 31 15 48.4 - -
Gupta et al., 2020%° 80 - - 12 15.0
Ibrahim et al., 2005*' 40 10 25.0 - -
Matsumoto et al., 2006"’ 37 2 5.4 4 10.8
Mohtadi et al., 2019%’ 103 - - 10 9.7
Sajovic et al., 201177 25 5 20.0 - -
Shaieb et al., 2002*° 31 13 41.9 - -
Taylor et al., 2009%* 21 - - 8 38.1
Webster et al., 2016'°¢ 22 8 36.4 11 50.0
Zaffagnini et al., 2011'7 39 9 23.1 18 72.0

bone fragments from BPTB graft preparation and tunnel =~ bone grafting had a similar incidence of postoperative
drilling to fill the patellar and tibial tubercle  pain (43.3%, 95% CI, 18.4% t0 69.9%) as those who did

defects.'®'72*?%2% patients who underwent donor site not (40.2%, 95% CI, 11.6% to 72.9%) (Fig 5).
Incidence Included
Study Kneeling Pain (n) Patients Proportion 95% CI
Aglietti 2004 37 60 0.617 (0.49, 0.729) ——
Barenius 2010 59 78 0.756  (0.651, 0.838) B
Drogset 2010 2 50 o040 (00110135 [
Gupta 2020 12 80 0.150  (0.088, 0.244) E
Matsumoto 2005 4 37 0.108  (0.043, 0.247) -
Mohtadi 2019 10 103 0.097  (0.053, 0.169)
Taylor 2009 8 21 0.381  (0.208, 0.591) —a—
Webster 2016 11 22 0.500  (0.307, 0.693) ——
Zaffagnini 2011 18 39 0.462  (0.316,0.614) ——

r T T T 1
0 025 05 0.75 1

Fig 3. Forest plot and 95% CIs for incidence of patients reporting kneeling pain following ACLR with BPTB autograft. (ACLR,
anterior cruciate ligament reconstruction; BPTB, bone—patellar tendon—bone; CIs, confidence intervals.)
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Included
Study Incidence Patients Proportion
Aglietti 2004 37 60 0.617 ——
Aune 2001 6 29 0.207 ]
Barenius 2010 59 78 0.756 .
Brandsson 1998 9 50 0.180 —u—
Drogset 2010 14 50 0.280 ——
Guglielmetti 2021 15 31 0.484 L
Gupta 2020 12 80 0.150 — B
Ibrahim 2005 10 40 0.250 B
Matsumoto 2005 6 37 0.162 ——
Mohtadi 2019 10 103 0.097 B
Sajovic 2011 12 25 0.480 ]
Shaieb 2002 13 31 0.419 »
Taylor 2009 8 21 0.381 =
Webster 2016 19 22 0.864 =
Zaffagnini 2011 27 39 0.692 B

r
o

T T T 1
075 1

Fig 4. Forest plot and 95% CIs for incidence of patients reporting any knee pain, either anterior or kneeling pain, following
ACLR with BPTB autograft. (ACLR, anterior cruciate ligament reconstruction; BPTB, bone—patellar tendon—bone; CIs, confi-

dence intervals.)

Discussion

The most important finding of this systematic review
is that the expected incidences of anterior knee pain
and kneeling pain following ACLR with BPTB autograft
ranged from 5.4% to 48.4% and 4.0% to 75.6%,
respectively. Second, patients treated with bone graft-
ing of the BPTB harvest site had no significant differ-
ence in the incidence of any knee pain compared with
those who were not grafted. Although the risk of knee
pain following ACLR with BPTB autograft has been
well documented in the literature, no prior studies
have reported the incidence of this complication based
on an in-depth analysis of pooled data from level I
RCTs.”'

Although BPTB autograft remains the gold standard
graft choice for ACLR, the information from this study
will allow surgeons to more accurately explain to pa-
tients what to expect in terms of postoperative knee
and kneeling pain. It is thought that donor site
morbidity associated with BPTB graft harvest is one of

the primary factors contributing to anterior knee pain
in patients following this procedure. When a patellar
tendon defect is created with the removal of the central
third of the tendon, complete closure of the defect may
potentially cause inferior translation of the patella
(patella baja) and may consequently lead to increased
sensitivity or pain when kneeling or squatting. This
may be avoided by avoiding complete closure of the
tendon and closing the paratenon instead. Additionally,
the central incision required for harvest of the patellar
tendon graft can potentially injure the infrapatellar
branch of the saphenous nerve. This is another factor
that may contribute to a higher prevalence of anterior
knee pain in patients treated with BPTB autograft
compared with other graft options.’® Although BPTB
allografts avoid the risk of donor site morbidity and are
associated with lower rates of anterior knee pain post-
operatively, autograft is still preferred for ACLR,
particularly in younger patients, given its superior
clinical outcomes and 3-fold lower re-rupture rates.’
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Subgroup Analysis of Any Knee Pain: Bone Graft

Cases Total Proportion [95% CI]
Bone Graft
Zaffagnini 2011 27 39 bos 0.6923[0.5372, 0.8288]
Webster 2016 19 22 N 0.8636 [0.6829, 0.9809]
Taylor 2009 8 21 —i 0.3810 [0.1826, 0.6004]
Shaieb 2002 13 31 —s— 0.4194 [0.2499, 0.5986]
Sajovic 2011 12 25 —— 0.4800 [0.2850, 0.6780]
Fig 5. Forest plot and 95% CIs for inci-  Subgroup S 0.43236 [0.18354, 0.69997]
dence of any reported knee pain in pa-
tients who received bone grafting of the
harvest site versus those who did not ﬂoh?ngcﬁgaﬁ 0 103 - 0.0071 [0.0464. 04628}
. . ohtadi ! 0464, 0.
ﬂ;llccgmg ACLR  with Bi,PTB autograft. 1\ imoto 2006 6 37 s 0.1622 [0.0581. 0.3008]
(ACLR, anterior cruciate ligament recon-  pgrangeson 1998 9 50 s 0.1800 [0.0841, 0.3002]
struction; BPTB, bone—patellar tendon  agjietti 2004 37 60 - 0.6167 [0.4896, 0.7363]
—bone; CIs, confidence intervals.)
Subgroup i 0.40219[0.11589, 0.72906]
Overall - 0.42031 [0.22356, 0.63050]
T T
0.0000 0.7500

When considering the expected incidence of post-
operative knee pain associated with BPTB autograft,
there is great variability across the current literature,
and thus it is imperative to assess high-quality RCTs for
the most reliable data and estimated rates of occur-
rence. Even within this review of 15 level I RCTs, re-
ported rates of anterior knee pain and kneeling pain
were heterogeneous across the included studies. Mat-
sumoto et al."” found only 5.4% (2 of 37) of patients
experienced anterior pain over the graft harvest site at a
mean follow-up of 7 vyears, whereas Guglielmetti
et al.”’ reported anterior pain in 48.4% (15 of 31) of
patients at 2-year follow-up. It is possible that these
discrepancies are attributable to the duration of follow-
up in the selected studies, as patients may experience
decreasing levels of anterior knee pain and sensitivity
over the graft harvest site with time. Similarly, rates of
kneeling pain varied considerably, as Drogset et al.'*
reported an incidence of only 4.0% (2 of 50) at 2
years versus an incidence of 75.6% (59 of 78) at 8-year
follow-up in a study by Barenius et al.”” The cause of
these discrepancies in rates of postoperative pain is
likely multifactorial, although they may be related to
factors such as patient age and level of activity,
concomitant soft tissue injuries, graft harvest approach,
or bone grafting at the BPTB graft harvest site. The
heterogeneous questioning methods used to assess for
the presence and degree of postoperative pain (e.g., “do
you have pain today?” vs “does the pain limit daily
activities?”) likely confound these differences in in-
cidences across the included studies.

Proportion(%)

As QT autografts have become an increasingly
attractive option for ACLR, it is important to directly
compare the associated complication rates with those of
the current gold standard, BPTB autografts.'®”%°7*%
Although there remains a paucity of literature report-
ing on pooled RCT data for complication rates observed
with QT versus BPTB autografts, more recent reviews
suggest that QT grafts are associated with a lower
incidence of donor site morbidity and anterior knee
pain postoperatively.’*””*’ These reduced rates of
anterior knee pain support the hypothesis that QT
autograft may be a more appropriate option for patients
who have occupations requiring them to squat and
kneel repetitively (e.g., carpenters, painters, plumbers)
or patients who pray on their knees daily.”*' It is
important to note that the anterior knee pain experi-
enced by patients following ACLR with BPTB is rarely
debilitating and that this increased risk should not be
the sole determinant of graft choice in most patient
populations.”” Future studies should aim to directly
compare the incidence of anterior knee pain and
kneeling pain between QT and BPTB autografts.

Regarding management of patellar bone defects
following BPTB graft harvest, there remains a lack of
consensus on whether the donor site should be grafted
or left untreated. Based on odds ratio calculations and
¥ analysis, patients included in this review treated with
bone grafting of the BPTB harvest site reported no
differences in the incidence of donor site pain at final
follow-up compared with those left untreated. These
results are in agreement with previous studies reporting
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no difference in outcomes or postoperative pain when
grafting the patellar defect.'”

Limitations

The limitations of this study should be noted. There
was clinical heterogeneity in patient populations with
respect to patient demographics, length of follow-up,
and concomitant meniscal pathology. There were also
differences across the included studies in questioning
methods used to assess for the presence and degree of
postoperative pain, which likely increased the variability
of reported incidences included in the final analysis.
Although patients were randomized in their respective
level I studies, no randomization was performed for the
present meta-analysis. Given the limited pool of level I
RCT data reporting on knee pain following ACLR with
BPTB and the heterogeneity in reported incidences, the
present findings may be underpowered relative to larger
national databases. Finally, there was considerable
variability in the duration of follow-up across the
included studies, which may limit the generalizability of
the pooled quantitative analyses.

Conclusions
Based on the current level I RCT data, the incidences
of anterior knee pain and kneeling pain following
ACLR with BPTB autograft range from 5.4% to 48.4%
and 4.0% to 75.6%, respectively.
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