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Background: Previous systematic reviews have reported the incidence of anterior knee pain (AKP) and extension deficit (ED) after
anterior cruciate ligament reconstruction (ACLR); however, both outcomes are estimated separately and thus are assumed to be
uncorrelated.

Purpose: To estimate whether there is a clinically relevant association between the population effects of ED and AKP after ACLR.

Study Design: Systematic review; Level of evidence, 2.

Methods: Under PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, a systematic review
was conducted by searching PubMed, EMBASE, and the Cochrane Library electronic databases for published articles reporting
incidence of both AKP and ED after ACLR with either bone–patellar tendon–bone (BPTB) or hamstring (HS) graft that returned 298
studies after the initial search. A Bayesian hierarchical measurement error model estimated the population effect of ED and AKP.

Results: Twelve publications involving 976 patients (mean follow-up, 77.9 months; range, 24-180 months) were included in the
systematic review. There was a clear, moderate correlation between population ED and population AKP for the BPTB (r = 0.40;
95% CI, 0.39-0.42) and the HS grafts (r = 0.35; 95% CI, 0.33-0.36). Model expected estimates for the population effects of AKP
and ED were 24.1% (95% CI, 17.4%-31.9%) and 17.5% (95% CI, 10.6%-25.0%), respectively, for the BPTB graft and 16.1%
(95% CI, 9.2%-23.9%) and 13.1% ED (95% CI, 6.0%-20.8%) for the HS graft, respectively. The posterior mean difference in
AKP between BPTB and HS grafts was clear and substantial (8.3% [95% CI, 0.3% to 16.1%]); there was no substantial difference
in the posterior mean difference of ED between BPTB and HS grafts (4.3% [95% CI, –3.8% to 13.0%).

Conclusion: Our systematic review demonstrated a moderate but clear correlation between ED and AKP irrespective of graft
type. From a clinical perspective, this association emphasizes the need for intraoperative achievement of full extension and avoid-
ance of situations that may cause ED. The higher incidence of AKP in patients with BPTB graft may also be attributed to factors
related to the graft harvest site. Future metaregression analyses could investigate whether additional factors such as follow-up
duration or rehabilitation protocols can moderate the association between AKP and ED after ACLR with either BPTB or HS graft.
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Graft selection in patients undergoing anterior cruciate
ligament (ACL) reconstruction (ACLR) is a very important

decision and is part of a long-lasting debate in the scientific
community because it is a factor that influences a success-
ful outcome of the ACLR in terms of donor-site morbid-
ity,6,12 rerupture,24,27,37,52 infection rate,35,39 functional
deficits,2,7,8 and patient-reported outcome measures.19,38,47

The most common grafts are the patellar tendon either as
the central third or as the medial third, the hamstring (HS)
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tendon graft as a 4-strand graft or as a quadrupled semite-
ndinosus graft, and in recent years the quadriceps tendon
graft.3 Each one of these grafts has its advantages and dis-
advantages in incorporation and function as a graft, but
these grafts also are associated with anatomic and func-
tional defects that influence the final outcome and the
patient’s quality of life and activities.35

The most successful scenario would be that the defect
heals with similar tissue and that the recovery is com-
pleted without any functional alterations caused by the
harvested graft. The healing of the patellar tendon or HS
tendon defect has been investigated with magnetic reso-
nance imaging and ultrasonography studies,13,36,46 and
the potential functional deficits have been investigated
using electrophysiology or dynamometry or other biome-
chanical methods together with clinical examination tests
such as anterior knee pain (AKP), kneeling pain, knee
walking, or numbness in the incision site.4,14,22,30,31,43

AKP after ACLR is often cited as a major reason for
avoiding the use of a bone–patellar tendon–bone (BPTB)
graft, despite its many well-documented advantages.14,19,51

However, previous research indicated that AKP is primar-
ily caused by extension deficit (ED) after ACLR.44,45 There-
fore, Shelbourne and Trumper45 proposed regaining full
extension intraoperatively as well as postoperatively,
introducing an accelerated rehabilitation protocol to regain
and retain full movement of the knee joint, especially full
extension or hyperextension compared with the contralat-
eral healthy side.45 The multifactorial nature of AKP,
rather than that related specifically to BPTB graft selec-
tion, is further demonstrated by its prevalence, albeit at
a lesser degree, in ACLR using HS tendon graft.19,51

Previous systematic reviews have compared BPTB
versus HS grafts in terms of AKP and ED as well as
other objective clinical and patient-reported out-
comes.7,8,19,35,47,49,51 However, in all these studies, both
outcomes are reported independently and no previous
study has estimated whether there is a clinically relevant
association between the population effects of ED and
AKP.18 Thus, the aim of the present study was to estimate
the association between ED and AKP after ACLR with
either BPTB or HS graft.

METHODS

Literature Search

The present systematic review was conducted according to
the PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) guidelines using a checklist.
We conducted an extensive search of studies published
between 1990 and August 2022 in PubMed, EMBASE,
and the Cochrane Library electronic databases. We utilized
the search strategy proposed by Cochrane, and our search
key terms included ‘‘ACL,’’ ‘‘anterior cruciate ligament,’’
‘‘reconstructive surgical procedures,’’ ‘‘patellar tendon,’’
‘‘hamstring,’’ ‘‘gracilis,’’ ‘‘semitendinosus,’’ ‘‘autologous,
’’and ‘‘long term’’ in various combinations. The full text
was reviewed if the abstract indicated that the article might
be a prospective cohort study (PCS) of ACLR with BPTB
versus HS tendon autografts. A manual search was also
conducted by reviewing the references of the articles
derived by the electronic search to identify potential addi-
tional studies.

Study Selection

Inclusion criteria for study selection were as follows: (1)
a randomized controlled trial (RCT) or a PCS (level of evi-
dence 1 or 2); (2) patients having undergone primary ACLR
for a unilateral ACL rupture; (3) BPTB autografts com-
pared with HS tendon autografts for ACLR; (4) follow-up
of �2 years; and (5) reporting assessment of both AKP
and ED. Exclusion criteria were as follows: case-control
study, retrospective cohort study, or case series; follow-up
of\2 years; graft other than BPTB and HS; follow-up stud-
ies with the same patients from the same center perform-
ing the same technique; non-English language articles;
and in vitro, animal, or cadaveric studies.

Data Extraction

Data were extracted independently from each eligible
study by 2 review authors (J.D.G. and K.P.) using a stan-
dard Excel spreadsheet (Microsoft). Any discrepancies
between the extracted data were resolved by consensus.
Where required, the corresponding authors were contacted
for additional data. The primary outcomes extracted were
percentages of AKP and ED along with their standard
errors per graft type and study. In addition, the following
data were extracted from all eligible studies: first author
and year of publication, study design, number of patients,
duration of follow-up, loss at follow-up, type of graft fixation.

Methodological Quality

The methodological quality of each eligible study was inde-
pendently assessed by 2 review authors (J.D.G. and K.P.)
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using the Jadad scale for RCTs and the Newcastle-Ottawa
Scale (NOS) for PCSs.49 A quality score of �3 from the
Jadad scale was considered to indicate a high-quality
RCT and a score of �7 on the 9-point NOS indicated
high-quality PCS.49

Statistical Analysis

We employed a Bayesian hierarchical measurement error
model.5 Within the Bayesian framework, the true out-
comes of the different studies follow their own distribu-
tion.21 This distribution of true effects has a mean (the
‘‘population’’ true effect that is being estimated) and a var-
iance, representing the between-study variability.18 Bayes-
ian methods allow direct modeling of the uncertainty in the
estimate of the between-study variability, can be superior
in estimating pooled effects (especially when the number
of included studies is small), and produce full posterior dis-
tributions of any model effect.21 Our analyses were carried
out in the R programming language using the wrapper
package brms interfaced with Stan to perform sampling.5

Our model included outcome, graft type, their interaction
to estimate the population effects of AKP and ED for
BPTB and HS grafts, and a random intercept for study
identification to estimate the between-study variability.
Weakly informative priors were used in order to exert min-
imal effect on the data.5,21 The model also permitted an
estimation of the correlation coefficient between the popu-
lation effects of AKP and ED.5 The magnitude of the corre-
lation was evaluated as trivial (.0.1), small (.0.2),
moderate (0.3-0.5), large (.0.5), very large (.0.7).9 We
sampled the posterior distribution using Hamiltonian
Monte Carlo with 4 chains and 2500 post–warm up sam-
ples per chain. The model passed all diagnostic statistics
(all Rhat values \1.01, all effective sample sizes .400,
0 divergent iterations).21 We evaluated the robustness of
our model by conducting a sensitivity analysis via exclud-
ing 1 study in each round and evaluating the influence of
any single study on the estimates of model effects.18 We

also considered 2 additional models: 1 with the addition
of study design (RCT vs PCS) as a categorical predictor
and 1 with the addition of follow-up (�5 years vs �6 years)
as a categorical predictor. Each of these models was com-
pared with the initial model via leave-one-out cross-valida-
tion.5 Neither of these additional models outperformed the
initial simpler model; thus, the initial model was retained.

RESULTS

Study Inclusion

An initial literature search of PubMed, EMBASE, and the
Cochrane Library yielded a total of 789 articles. All dupli-
cate publications were excluded for a total of 298 unique
articles. According to our exclusion criteria, 267 articles
were removed, and the remaining 31 abstracts were fur-
ther screened by reviewing the full-text article. Nineteen
articles were further excluded: 4 case-cohort studies (level
of evidence, 3), 5 having no direct comparison of BPTB ver-
sus HS ACLR outcomes, and 10 not reporting data on both
AKP and ED. Thus, there were 12 publications that ful-
filled all criteria and were subsequently included in this
systematic review (Figure 1).||

Methodological Quality

Sample size ranged from 50 to 126 patients (mean, 81
patients). Clinical follow-up was reported in all 12 studies,
with follow-up rates ranging from 72% to 100%. All 4
PCSs1,20,26,40 were of high quality as judged by the NOS
scale, whereas 1 out of 8 RCTs15 was deemed of high qual-
ity according to the Jadad scale (Table 1). All studies had
a minimum of 2 years of follow-up data. Follow-up ranged
from 24 to 180 months (mean, 77.9 months).

||References 1, 15, 20, 23, 25, 26, 28, 33, 40, 41, 48, 50.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. BPTB, bone–patellar ten-
don–bone; HS, hamstring.
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Characteristics of Included Studies
and Review Findings

Table 1 presents the fixation techniques used for each graft
for the tibial and femoral tunnels. For BPTB grafts, nearly
all studies used interference screw fixation for the tibial
bone plugs while the femoral bone plugs were a little
more variable (8 studies used interference screw fixation,
2 used Endobutton (Smith+Nephew), 1 used screw plus
washer, and 1 used cross-pins). Femoral tunnels on HS fix-
ation relied on interference screws or Endobutton in a total
of 10 studies. On the contrary, tibial HS fixation was quite
variable and included interference screws in 5 studies, and
screw, washer/plate, screws plus staple, screws plus

washerlock and sutures in the rest of the studies. AKP
and ED ranged from 5% to 51% and 0% to 38%, respec-
tively, for BPTB grafts; and 3% to 30% and 0% to 28%,
respectively, for HS grafts (Table 2).

According to our model, the population effect of AKP
was 24.1% on average (with a 95% CI of 17.4%-31.9%)
and the population effect of ED was 17.5% on average
(with a 95% CI of 10.6%-25.0%) for BPTB grafts; the popu-
lation effect of AKP was 16.1% on average (with a 95% CI
of 9.2%-23.9%) and the population effect of ED was 13.1%
on average (with a 95% CI of 6.0%-20.8%) for the HS grafts
(Figure 2).There was a clear and substantial difference in
the population effect of AKP between BPTB and HS grafts.
The posterior mean difference was 8.3% (95% CI, 0.3% to

TABLE 1
Characteristics of the Included Trialsa

Author/Year Design
Number of
Patients

Lost to
Follow-up, n

BPTB Graft Fixation HS Graft Fixation

Quality RatingFemoral Tibial Femoral Tibial

Ibrahim et al, 200520 PCS 110 25 EB ISc EB Sc 1 W/Pl 1 Sc 1 St 9b

Laxdal et al, 200525 RCT 79 9 ISc ISc ISc ISc 2
Liden et al, 200728 RCT 71 3 ISc ISc ISc ISc 2
Matsumoto et al, 200633 RCT 80 8 ISc ISc ISc ISc 1
Zaffagnini et al, 200650 RCT 50 0 ISc ISc EB Sc 2
Webster et al, 201648 RCT 65 18 EB ISc EB P 1 W 2
Sajovic et al, 201141 RCT 64 2 ISc Sc ISc Sc 1
Aglietti et al, 19941 PCS 63 3 Sc 1 W ISc 1 Sc 1 W Sc 1 W Sc 1 W 8b

Laxdal et al, 200726 PCS 126 3 ISc ISc ISc ISc 9b

Sadoghi et al, 201140 PCS 92 0 CP ISc EB ISc 8b

Gifstad et al, 201315 RCT 114 12 ISc ISc Sc 1 WL Sc 1 WL 3c

Konrads al, 201623 RCT 62 15 ISc ISc EB Su 2

aBPTB, bone–patellar tendon–bone; CP, cross-pin; EB, Endobutton; HS, hamstring; ISc, interference screw; P, post; PCS, prospective
cohort study; Pl, plate; RCT, randomized controlled trial; Sc, screw; St, staple; Su, suture; W, washer; WL, washerlock.

bHigh-quality PCS based on the Newcastle-Ottawa Scale rating.
cHigh-quality RCT based on the Jadad Scale rating.

TABLE 2
Reported Incident of Anterior Knee Pain and Extension Deficit per Graft Typea

Author/Year Follow-up, mo (range)

BPTB HS

AKP ED AKP ED

Ibrahim et al, 200520 81 (60-96) 25 35 6.7 17.8
Laxdal et al, 200525 26 (20-36) 29 5 34 16
Liden et al, 200728 86 (68-114) 39 26 23 21
Matsumoto et al, 200633 80 (56-111) 5.4 2.9 10.8 5.7
Zaffagnini et al, 200650 60 (not reported) 36 20 12 25
Webster et al, 201648 184 (168-204) 38 0 27 0
Sajovic et al, 201141 132 (not reported) 48 0 29.6 0
Aglietti al, 19941 28 (22-39) 13.3 0 10 0
Laxdal al, 200726 25 (24-35) 22.2 37.8 24.4 28.2
Sadoghi al, 201140 26 (24-32) 51.2 9.8 25.5 9.8
Gifstad al, 201315 84 (63-94) 9.8 14.6 2.8 25
Konrads al, 201623 120 (not reported) 20.8 4.2 4.3 0

aValues are presented as percentages unless otherwise noted. AKP, anterior knee pain; BPTB, bone–patellar tendon–bone; ED, extension
deficit; HS, hamstring.
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16.1%) and there was 98% probability that this difference
was .0 (Figure 3A). There was no substantial difference
in the population effect of ED between BPTB and HS
grafts. The posterior mean difference was 4.3% (95% CI,
–3.8% to 13.0%), and there was only an 86% probability
that this difference was .0 (Figure 3A). There was a clear,
moderate correlation between the population effects of
AKP and ED for either the BPTB (r = 0.40; 95% CI, 0.39-
0.42) (Figure 4A) or the HS (r = 0.35; 95% CI, 0.33-0.36)
graft (Figure 4B). The results of our series of sensitivity
analyses showed that there was not any particularly influ-
ential study among all selected studies.

DISCUSSION

The primary findings of the present study were that there
was a moderate but clear association between the population
effects of ED and AKP for both grafts (BPTB: r = 0.40 [95%
CI, 0.39-0.42]; HS: r = 0.35 [95% CI, 0.33-0.36]) and, as
expected, the population effect of AKP was higher in BPTB
compared with HS (24.1% [95% CI, 17.4%-31.9%] vs 16.1%
[95% CI, 9.2%-23.9%], respectively); on the contrary, evi-
dence for a higher ED population effect in BPTB compared
with HS grafts were less strong (17.5% [95% CI, 10.6%-
25.0%] and 13.1% [95% CI, 6.0%-20.8%], respectively).

The higher AKP in BPTB compared with HS is in accor-
dance with recent meta-analyses (Figure 3A).19,49,51 It
should be noted, however, that even though there are sig-
nificant between-graft differences as per the incidence of
AKP,19,48,49,51 it evolves favorably and dissolves within 2
years of follow-up in 83% of patients who follow optimal
rehabilitation.39 Evidence for higher ED in BPTB com-
pared with HS was not as strong (Figure 3B), and this is
also in line with the mixed findings from previous analy-
ses.19,49,51 For example, differences in favor of the HS graft
have been reported51 but others have found nonsignificant

trends49 or even no short- or long-term differences between
the 2 graft types for deficits of �5�.19

In addition, the present review demonstrated a moder-
ate correlation between the population effects of ED and
AKP; in the above previous analyses, ED and AKP popula-
tion effects are estimated separately and are thus assumed
to be uncorrelated.18 In fact, it has been argued that ED
may contribute to AKP due to improper placement of either
tunnel or an inadequate notchplasty, which will result in
impingement and prevention of full extension and AKP
during the healing phase of the graft.44 Over the past
several years, a large body of knowledge has accumulated
to improve the anatomic placement of the graft intra-
articularly, which does not cause impingement and ED,
thus subsequently reducing AKP.10,13,16,29

AKP has been reported as a complication related to
donor-site morbidity after ACLR using BPTB graft and
as the main factor to avoid this graft,19,51 despite its other
advantages such as stability, lower rates of rerupture, and
lesser rates of infection.10,24,35,37-39,52 The origin of AKP
after ACLR has been under investigation.42,44 It is mainly
attributed to the harvesting of the BPTB graft, although it
is not rare in patients who have had an HS graft ACLR.42

In fact, it has been recommended to avoid full hyperexten-
sion in the postoperative period after HS graft ACLR, pre-
sumably because the stress may stretch the graft.44

However, regaining full hyperextension later in the postop-
erative period may not be feasible and the resulting ED of
the flexion contracture may cause AKP.44

Furthermore, it has previously been demonstrated that
ED was an important predisposing factor for AKP in the
early postoperative period (at 3 months).34 More impor-
tantly, the vast majority of patients with AKP at 2 years
of follow-up also had AKP at the 3-month follow-up, poten-
tially highlighting the need for early recovery of extension
range of motion.34 To this notion, Shelbourn and Trumper45

already underlined this phenomenon and found it very
important to achieve full extension intraoperatively, or
hyperextension if there is any in the contralateral knee,
which has to be maintained with an accelerated postopera-
tive mobilization and physiotherapy.45 The appearance of
AKP in patients treated with HS graft, despite not having
a scar on the anterior surface of the knee, further supports
this view.32,42,44 The lower incidence of AKP using HS graft
can be attributed to a faster postoperative restoration of
quadriceps muscle function compared to BPTB graft.31

In a recent study, the existence of ED was 5.3 times more
likely associated with AKP while a BPTB graft was associ-
ated with a 3.4 incidence ratio.32 This complication has
been connected to BPTB graft because patients operated
on using BPTB graft showed 2.3 times more probability of
developing an ED compared with patients with HS graft.
The authors advocated an optimal position of the graft
between the lateral femoral condyle and the posterior cruci-
ate ligament, which allows full extension immediately post-
operative.32 This correct placement of the graft
anatomically seems to be very important and very much
influences the generation of ED and also potentially
explains the difference of AKP and ED from the litera-
ture.11,32 de Abreu-e-Silva et al11 showed with a 3-

Figure 2. Model expected population effects of anterior
knee pain and extension deficit by graft type.
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dimensional computed tomography comparative study
where an ED was observed more often using the transtibial
technique.11 In our review, 10 out of 12 studies used the
transtibial technique; thus, we cannot infer whether more
modern surgical procedures can moderate the association
between ED and incidence of AKP.

Previous researchers advocated an accelerated mobili-
zation and physical therapy after using a BPTB graft to

gain full range of motion.44,45 In a study of 602 patients
and 122 control patients, a protocol focused on full exten-
sion early postoperatively was successful in preventing
AKP, provided the graft was positioned in a place that
allowed immediate full extension.45 However, even if the
incidence of AKP was more often seen in patients treated
using BPTB compared with HS graft, the complaints dis-
appeared over time, and 15 years later there was no

Figure 3. Differences in the posterior distributions of model expected population effects of (A) anterior knee pain and (B) exten-
sion deficit between graft types. The vertical solid black lines denote 95% CI of the distribution of differences and the dashed red
line denotes zero.

Figure 4. Posterior distribution of the population effects of anterior knee pain (AKP) and extension deficit (ED) for (A) bone–
patellar tendon–bone (BPTB) and (B) hamstring (HS).
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difference between the 2 groups.48 This is further sup-
ported by the findings of Rousseau et al39 who reported
diminishing AKP within 2 years after ACLR.39 A previous
study reported that a contemporary surgical technique
with more medial incision, bone grafting, and closing of
the peritendon was associated with lower AKP compared
with that in the majority of the studies included in the
present review.17 If more advanced techniques can lower
AKP related to the BPTB graft site, the clinical value of
the association between ED and AKP will be strengthened.
Moreover, Sanchis-Alfonso et al42 reviewed the association
between quadriceps strength deficit and AKP and advo-
cated an improved rehabilitation protocol to avoid AKP.

When interpreting a systematic review, the sample size
of the included studies, as well as their level of evidence,
must be taken into account. A total of 976 patients were
available to assess the association of AKP and ED in
BPTB and HS grafts, which is lower compared with previ-
ous studies.19,49,51 Modeling ED and AKP via measure-
ment error model allows taking into account the
uncertainty in the reported estimates, which is influenced
by the sample size of each individual study, and also esti-
mating an index of their association.18 All included studies
were either RCTs (level 1) or PCSs (level 2). All included
PCSs were rated as high quality, but on the other hand,
nearly all RCTs were rated as medium quality. The effect
of study design was initially tested but the model did not
perform better; therefore, our analysis viewed study design
as a trivial predictor of either ED or AKP. Similarly, using
follow-up (�5 years vs �6 years) as a predictor did not
improve model fit. Thus, these subgroup analyses and
the sensitivity analyses to detect heterogeneity provided
support for the robustness of our results.

Limitations

The final clinical results may have been affected by the
inconsistency in the fixation methods selected, differences
in the rates of follow-up loss, and the rehabilitative proto-
cols selected during the postoperative period. Our analysis
cannot distinguish whether the association between the
population effects of AKP and ED is due to specifically har-
vesting autograft tissue. In this regard, future meta-
analyses should also estimate rates of AKP and ED in
allografts versus BPTB and HS grafts. There was also
some discrepancy between studies as per the reporting of
AKP. In addition, most studies consider AKP postopera-
tively without any consideration of the degree and inci-
dence of preoperative AKP. All articles included were
published in English, thus potentially introducing some
degree of publication bias. Finally, the effects of patient
characteristics (ie, age, sex, activity level) cannot be con-
sidered because of data unavailability.

CONCLUSION

There is a moderate but clear correlation between ED and
AKP irrespective of graft type. From a clinical perspective,

this association emphasizes the need for intraoperative
achievement of full extension and avoidance of situations
that may cause ED. The higher incidence of AKP in
patients with BPTB graft may also be attributed to factors
related to the graft harvest site. Future metaregression
analyses could investigate whether additional factors
such as follow-up duration or rehabilitation protocols can
moderate the association between AKP and ED after
ACLR with either BPTB or HS graft.
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