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Efficacy and safety of quadriceps tendon i

autograft versus bone-patellar tendon-bone
and hamstring tendon autografts for anterior
cruciate ligament reconstruction: a systematic
review and meta-analysis

Xiao-Feng Zhang'", Pan Liu?', Jun-Wu Huang'" and Yao-Hua He'"

Abstract

Background Quadriceps tendon (QT), bone—patellar tendon—bone (BPTB), and hamstring tendon (HT) autografts are
widely used for anterior cruciate ligament reconstruction (ACLR), but the optimal autograft choice remains controver-
sial. This study assessed the treatment effects of QT versus BPTB and HT autografts for ACLR.

Methods The PubMed, Embase, and Cochrane Library databases were systematically searched for eligible studies
published from inception until July 2022. Effect estimates were presented as odds ratios (OR) and weighted mean
differences (WMD) with 95% confidence intervals (Cl) for categorical and continuous variables, respectively. All pooled
analyses were performed using a random-effects model.

Results Twenty-one studies (3 randomized controlled trials [RCTs], 3 prospective studies, and 15 retrospective
studies) involving 2964 patients with ACLR were selected for meta-analysis. Compared with the HT autograft,

the QT autograft was associated with a reduced risk of graft failure (OR: 0.46; 95% Cl: 0.23-0.93; P=0.031). Compared
with the BPTB autograft, the QT autograft was associated with a reduced risk of donor site pain (OR: 0.16; 95% Cl: 0.10-
0.24; P<0.001). Moreover, the QT autograft was associated with a lower side-to-side difference than that observed
with the HT autograft (WMD: — 0.74; 95% Cl: — 1.47 to — 0.01; P=0.048). Finally, compared with the BPTB autograft,

the QT autograft was associated with a reduced risk of moderate-to-severe kneecap symptoms during sports

and work activities (OR: 0.14; 95% Cl: 0.05-0.37; P<0.001).

Conclusions The findings of this study suggest that the QT autograft can be defined as a safe and effective alterna-
tive choice for ACLR, but its superiority is yet to be proven by RCTs and prospective studies.
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Introduction

Anterior cruciate ligament (ACL) injury of the knee joint
is the most common injury in young active individu-
als and is caused by sports activities such as basketball,
football, skiing, and volleyball [1, 2]. The ACL and other
tissues of the knee joint work synergistically to prevent
excessive forward movement of the tibia and maintain
normal function of the knee joint [3]. Therefore, joint
stability and biomechanics are impacted by a knee with
an ACL deficiency [4, 5]. Furthermore, knees lacking
a healthy ACL are characterized by altered joint move-
ments, which in turn influence common daily activities
such as walking, climbing stairs, descending stairs, and
jumping [6, 7]. Moreover, this abnormality can disturb
the contact area and increase the magnitude of shear
forces at the knee joint, potentially exacerbating the
development of osteoarthritis [8, 9].

ACL reconstruction (ACLR) could lessen changes in
knee biomechanics, which, in turn, could improve knee
stability and kinematics [10, 11]. There is a substantial
connection between loading and degeneration of knee
joint cartilage and factors such as the peak external knee
adduction moment, the peak internal rotation angle, the
medial contact force, and the knee flexion angle [12, 13].
Consequently, the choice of graft in ACLR can signifi-
cantly impact both the pace and degree of knee rehabili-
tation [14, 15]. A prior study compared the knee muscle
strength achieved at 6 and 12 months after ACLR using
bone—patellar tendon—bone (BPTB) and hamstring ten-
don (HT) autografts and found that the HT autograft
was associated with significant deficits in flexor muscle
strength [16]. Nowadays, the quadriceps tendon (QT)
autograft has increasingly gained favor in clinical settings
due to its perceived advantages, including maintenance
of hamstring integrity and function, fewer occurrences
of anterior knee pain and numbness, a diminished risk of
patellar fractures, and minimal bleeding at the bone har-
vest site [17]. However, the question of what constitutes
the optimal autograft choice for ACLR remains unre-
solved. Therefore, we performed a systematic review and
meta-analysis to assess the treatment effects of QT ver-
sus BPTB and HT autografts for ACLR.

Methods

Literature search and selection criteria

The Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines were used to
conduct and report this study [18]. Studies compar-
ing the efficacy and safety of QT versus BPTB and HT
autografts for ACLR were considered eligible for this
study, and the publication language and status were not
restricted. The PubMed, EmBase, and Cochrane Library
databases were systematically searched for eligible
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studies published until July 2022. The core search terms
included “quadriceps tendon autograft” or “quadriceps
graft” and “anterior cruciate ligament reconstruction”
or “ACL reconstruction” Reference lists were manually
searched for relevant reviews to identify new studies that
met the inclusion criteria.

Two reviewers independently performed the litera-
ture search and study selection, and conflicts between
the reviewers were resolved through mutual discus-
sion by reviewing the original article until a consensus
was reached. Studies were included if they met the fol-
lowing criteria (PICOS: patients, intervention, control,
outcomes, and study design): (1) patients—all patients
should have undergone ACLR; (2) intervention—QT
autograft; (3) control—BPTB or HT autografts; (4) out-
comes—knee stability, functional outcome, graft site
pain, and graft failure rate; and (5) study design—rand-
omized controlled trials (RCTs) and prospective or retro-
spective observational studies.

Data extraction and quality assessment

The following information was independently extracted
by the two reviewers: first author’s surname, publica-
tion year, study design, country, sample size, mean age,
male proportion, mean time to reconstruction, interven-
tion, control, rehabilitation procedures, follow-up, and
reported outcomes. These two reviewers independently
assessed the quality of the included studies using the risk
of bias approach according to the methods described
by the Cochrane Collaboration and Newcastle—Ottawa
Scale (NOS) for RCTs and observational studies, respec-
tively [19, 20]. The Cochrane Collaboration risk of bias
included random sequence generation, allocation con-
cealment, blinding of participants and personnel, blind-
ing of the outcome assessment, incomplete outcome
data, selective reporting, and other biases (high quality:
low risk for 5-7 items; moderate quality: low risk for 3—-5
items; and low quality: low risk for 0-3 items). The NOS
included selection, comparability, and outcome domains
and used a “star system” with scores ranging from 0-9
(high quality: 7-9; moderate quality: 4—6; and low qual-
ity: 0-3). Inconsistent results between reviewers regard-
ing data collection and quality assessment were resolved
by discussing the original article with an additional
reviewer.

Statistical analysis

Treatment outcomes were categorized as categorical or
continuous data, and odds ratios (OR) or weighted mean
differences (WMD) with 95% confidence intervals (CI)
were calculated before data pooling. Considering the
underlying variations across the included studies, a ran-
dom-effects model was applied to calculate the pooled



Zhang et al. Journal of Orthopaedics and Traumatology (2024) 25:65

effect estimates [21, 22]. The heterogeneity for each out-
come was assessed using I> and Cochran’s Q statistic,
and significant heterogeneity was defined as I*>50.0% or
Cochran’s P<0.10 [23, 24]. The robustness of the pooled
conclusion was assessed using sensitivity analysis based
on the sequential exclusion of individual studies [25].
Subgroup analyses were performed to investigate out-
comes according to the study design, and the differences
among subgroups were assessed using the interaction P
test [26]. Publication bias for the investigated outcomes
was assessed using funnel plots, Egger’s test, and Begg’s
test [27, 28]. All reported P values for the pooled results
were two-sided, and the inspection level was 0.05. Statis-
tical analysis was performed using the STATA software
(version 14.0; Stata Corporation, College Station, TX,
USA).

Results

Literature search

A total of 542 articles were identified from electronic
searches, and 371 studies were retained after dupli-
cate articles were removed. Subsequently, 305 studies
were excluded because their titles and abstracts were
irrelevant. The full text of the remaining 66 studies was
retrieved for evaluation. Reviewing the reference lists
yielded three potential studies for inclusion, which were
subsequently included in the electronic searches. Then
a total of 45 studies were excluded due to no appropri-
ate control (#=21), no sufficient data (#=17), and the
review design (n=7). Finally, 21 studies were selected for
the meta-analysis [29-49] (Fig. 1).

Study characteristics

The baseline characteristics of the included studies
and involved patients are shown in Table 1. Of the 21
included studies, 3 were RCTs, 3 were prospective cohort
studies, and 15 were retrospective observational stud-
ies. Nine studies compared QT with BPTB autografts
for ACLR, 11 studies compared QT with HT autografts
for ACLR, and one study compared QT with BPTB and
HT autografts for ACLR. The included studies involved
2,964 patients who had undergone ACLR, and the sample
size for each study ranged from 28 to 875. The methodo-
logical quality of the included studies is shown in Table 1.
The overall quality of the included studies was moderate
to high.

Graft failure and donor-site pain

Eleven studies reported the effects of QT versus other
autografts on the risk of graft failure. We noted that the
the QT autograft was associated with a lower risk of
graft failure than that observed with the HT autograft
(OR: 0.46; 95% CI: 0.23-0.93; P=0.031; Fig. 2A). The
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Articles from PubMed, EmBade
and the Cochrane (n=542)

Articles identified after duplicate removed (n=371)

Abstracts and title screening
at initially (n=305)

| Full-text evaluations (n=66) | |Hand-search for reference (n:%)

| Full-text identified after duplicate removed (n=66) |

Articles excluded (n=45)

No appropriate control (n=21
No sufficient data (n=17)
Review (n=7)

21 studies included in meta-analysjs

Fig. 1 PRISMA flowchart for the literature search and study selection
process. PRISMA Preferred Reporting Items for Systematic Reviews
and Meta-analysis guidelines

difference in the risk of graft failure between QT and
BPTB autografts was not statistically significant (OR:
0.56; 95% CI: 0.24-1.34; P=0.195; Fig. 2A). There was
no evidence of heterogeneity across the included studies
for QT versus BPTB (12=0.0%; P=0.940) and QT versus
HT (?=0.0%; P=0.744). Sensitivity analyses found that
the pooled conclusion regarding QT versus BPTB on the
risk of graft failure was stable, whereas the conclusion
regarding QT versus HT on the risk of graft failure was
variable (data not shown). The subgroup analysis for the
risk of graft failure according to study design is shown in
Table 2, with no significant difference between QT and
BPTB or between QT and HT autografts for the risk of
graft failure, irrespective of whether the pooled prospec-
tive or retrospective studies were analyzed. No significant
publication bias for graft failure was observed (P value
for Egger: 0.466; P value for Begg: 0.276; Supplementary
file 1).

Data on the effect of the QT autografts on the risk
of donor-site pain were reported in seven studies. We
noted that QT autografts were associated with a lower
risk of donor-site pain than that observed with the
BPTB autograft (OR: 0.16; 95% CI: 0.10-0.24; P <0.001;
Fig. 2B), whereas no significant difference in the risk
of donor-site pain between the QT and HT autografts
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Fig. 2 Effects of QT versus BPTB and HT autografts on graft failure (A) and donor-site pain (B). BPTB bone—patellar tendon-bone, HT hamstring

tendon, QT quadriceps tendon

(OR: 0.53; 95% CI: 0.16-1.71; P=0.288; Fig. 2B) was
observed. No significant heterogeneity was observed
for QT versus BPTB in the risk of donor-site pain
(*=0.0%; P=0.845). Sensitivity analysis found that the
pooled conclusion for QT versus BPTB on the risk of
donor-site pain was stable after sequentially exclud-
ing individual studies (data not shown). The subgroup

analysis for the risk of donor-site pain according to
study design is shown in Table 2, and it showed that
QT autografts were associated with a reduced risk of
donor-site pain compared with BPTB autografts, irre-
spective of whether the pooled prospective or retro-
spective studies were analyzed (Table 2). There was no
significant publication bias for donor-site pain (P value
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Table 2 Subgroup analyses for reported outcomes according to study design

Outcomes Comparisons Subgroup No. of OR or WMD with 95% ClI Pvalue I (%)/Pvalue Interaction
studies Pvalue
Graft failure QT versus BPTB Prospective 1 0.31(0.01-7.93) 0477 0.704
Retrospective 4 0.59 (O 24-1 45) 0.251 0.0/0.886
QT versus HT Prospective 3 0.50 (0.22-1.11) 0.089 0.0/0.850 0.712
Retrospective 3 0.38(0.08-1.75) 0213 11.2/0.324
Donor site pain QT versus BPTB Prospective 1 0.04 (0.00-0. 72) 0.029 - 0.340
Retrospective 5 6(0.10-0.25) <0.001 0.0/0.892
QT versus HT Prospective 1 0.53(0.16-1.71) 0.288 - -
Retrospective 0 - - -
Lysholm score QT versus BPTB  Prospective 0 - - - -
Retrospective 6 — 064 (- 1.651t00.37) 0211 0.0/0.827
QT versus HT Prospective 3 —1.73 (= 4.151t0 0.68) 0.160 0.0/0.426 0.067
Retrospective 7 135(-1.08t03.77) 0.276 81.6/<0.001
Side-to-side difference QT versus BPTB Prospective 1 030 (- 0.56t0 1.16) 0.492 - 0.404
Retrospective 4 -024(-0.79t00.32) 0404 76.4/0.005
QT versus HT Prospective 1 —1.00(-2211t00.21) 0.105 - 0.679
Retrospective 5 —-070(=1511t00.12) 0.093 89.9/<0.001
Side-to-side difference >3 QT versus BPTB Prospective 1 0.95 (0.26-3.47) 0.938 - 0.829
Retrospective 6 0.74 (0.37-1.47) 0.385 73.1/0.002
QT versus HT Prospective 0 - - - -
Retrospective 2 0.81 (0.40-1.65) 0.561 0.0/0.577
Pivot-shift grade O QT versus BPTB Prospective 1 9.78 (2.55-37.43) 0.001 0.001
Retrospective 4 0.86 (0.51-147) 0.589 0.0/0.516
QT versus HT Prospective 0 - - - -
Retrospective 4 147 (0.57-3.79) 0424 66.9/0.028
Lachman grade 0 QT versus BPTB  Prospective 0 - - - -
Retrospective 4 1.15(0.57-2.32) 0.702 53.1/0.094
QT versus HT Prospective 0 - - - -
Retrospective 4 1.96 (0.62-6.17) 0.251 79.8/0.002
IKDC A orB QT versus BPTB Prospective 0 - - - -
Retrospective 5 0.62 (0.30-1.25) 0.178 55.0/0.064
QT versus HT Prospective 1 1.61(0.50-5.22) 0430 - 0.538
Retrospective 2 1.03 (0.47-2.26) 0.941 0.0/0.390

for Egger: 0.736; P value for Begg: 0.548; Supplementary
file 1).

Lysholm score and good Lysholm score ratings

Thirteen studies reported the effects of QT versus other
autografts on the Lysholm score. We noted that the
QT autograft was not associated with a significant dif-
ference in the Lysholm score compared to the BPTB
(WMD: — 0.64; 95% CI: — 1.65 to 0.37; P=0.221) or HT
(WMD: 0.49; 95% CI: — 1.50 to 2.48; P=0.629) autografts
(Fig. 3A). There was no evidence of heterogeneity regard-
ing QT versus BPTB in the Lysholm score (I*=0.0%;
P=0.827), while significant heterogeneity was observed
for QT versus HT in the Lysholm score (*=76.1%;

P<0.001). Sensitivity analysis indicated that the pooled
conclusion was not changed by the sequential exclusion
of individual studies, irrespective of whether QT was
compared to BPTB or HT autografts (data not shown).
The subgroup analysis for the Lysholm score according to
the study design is shown in Table 2, and the results were
consistent with the overall analysis (Table 2). No signifi-
cant publication bias for the Lysholm score was observed
(P value for Egger: 0.483; P value for Begg: 0.893; Supple-
mentary file 1).

Data on the effect of QT autografts on achieving good
Lysholm scores were reported in two studies. The QT
autograft was not associated with the achievement of
a good Lysholm score, irrespective of whether it was
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Fig. 3 Effects of QT versus BPTB and HT autografts on the Lysholm score (A) and good Lysholm score ratings (B). BPTB bone—patellar tendon-bone,
HT hamstring tendon, QT quadriceps tendon

compared with BPTB (OR: 0.96; 95% CIL: 0.58-1.61;
P=0.885) or HT (OR: 0.14; 95% CI: 0.01-2.80; P=0.196)

autografts (Fig. 3B).

Side-to-side difference and side-to-side difference rating

of >3

Eight studies reported side-to-side differences in the
effects of the QT autograft versus other autografts. We

noted that the QT autograft was associated with smaller
side-to-side differences than observed with the HT auto-

graft (WMD: — 0.74; 95% CI: — 1.47 to — 0.01; P=0.048),
and the side-to-side difference was not significantly dif-

ferent between the QT and BPTB autografts (WMD:

— 0.15; 95% CI: — 0.62 to 0.33; P=0.544) (Fig. 4A). Sig-

nificant heterogeneity was observed across the included
studies, irrespective of whether QT was compared
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Fig. 4 Effects of QT versus BPTB and HT autografts on side-to-side differences (A) and side-to-side differences > 3 (B). BPTB bone—patellar tendon-

bone, HT hamstring tendon, QT quadriceps tendon

to BPTB (2=70.2%; P=0.009) or to HT (I*=87.4%;
P<0.001). The pooled conclusion for QT versus BPTB
was stable, while for that QT versus HT was variable
owing to the marginal 95% CI (data not shown). The

subgroup analysis for side-to-side differences according
to study design is shown in Table 2, and no significant
difference between the autografts was observed in any
subgroup. There was no significant publication bias for
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side-to-side differences (P value for Egger: 0.490; P value
for Begg: 0.755; Supplementary file 2).

Data on the effect of the QT autografts on the incidence
of side-to-side differences>3 were reported in six studies.
The QT autograft was not associated with the incidence
of side-to-side differences >3, irrespective of whether the
BPTB (OR: 0.76; 95% CI: 0.41-1.40; P=0.383) or HT (OR:
0.81; 95% CI: 0.40-1.65; P=0.561) autografts were used
as the control (Fig. 4B). There was significant heterogene-
ity across the included studies regarding QT versus BPTB
(2=67.8%; P=0.005), while there was no evidence of het-
erogeneity for QT versus HT (I*=0.0%; P=0.577). Sensitiv-
ity analysis indicated that the pooled conclusion was robust
regarding QT versus BPTB (data not shown). The results
of the subgroup analyses according to study design were
consistent with the overall analysis, and the conclusions
remained non-significant (Table 2). No significant publi-
cation bias for the incidence of side-to-side differences>3
was observed (P value for Egger: 0.362; P value for Begg:
0.348; Supplementary file 1).

Pivot-shift grade 0 and Lachman grade 0
Six studies reported the effects of the QT autograft versus
the other autografts on the incidence of a pivot-shift grade
of 0. We noted that the QT autograft was not associated
with the incidence of pivot-shift grade 0, irrespective of
whether the BPTB (OR: 1.54; 95% CI: 0.56—4.28; P=0.406)
or HT (OR: 1.47; 95% CI: 0.57-3.79; P=0.424) autograft
was used as the control (Fig. 5A). There was significant
heterogeneity for QT versus BPTB (?=69.8%; P=0.010)
and for QT versus HT (P=66.9%; P=0.028). The subgroup
analysis for the incidence of pivot-shift grade 0 according
to study design is shown in Table 2. The QT autograft was
associated with an increased incidence of pivot-shift grade
0 compared with the BPTB autograft (OR: 9.78; 95% CI:
2.55-37.43; P=0.001). There was no significant publica-
tion bias for the incidence of pivot-shift grade 0 (P value for
Egger: 0.142; P value for Begg: 0.175; Supplementary file 1).
Data on the effect of the QT autografts on the incidence
of Lachman grade 0 were reported in five studies. The QT
autograft was not associated with the incidence of Lach-
man grade 0, irrespective of whether the BPTB (OR: 1.96;
95% CI: 0.62-6.17; P=0.251) or HT (OR: 1.15; 95% CL
0.57-2.32; P=0.702) autograft was used as the control
(Fig. 5B). There was significant heterogeneity for QT ver-
sus BPTB (=53.1%; P=0.094) and for QT versus HT
(=79.8%; P=0.002). The results of the subgroup analyses
according to study design were consistent with the over-
all analysis, and the conclusions remained non-significant
(Table 2). Although the Egger test indicated no signifi-
cant publication bias (P=0.144), the Begg test suggested
a potential publication bias for the incidence of Lachman
grade 0 (P=0.035; Supplementary file 1). The conclusion
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was not altered after adjusting for potential publication bias
using the trim-and-fill method [50].

International Knee Documentation Committee Subjective
Knee Form grade A or B, subjective satisfaction,

and moderate-to-severe symptoms during sports

and work

Five studies reported the effects of the QT versus other
autografts on the incidence of International Knee Doc-
umentation Committee (IKDC) Subjective Knee Form
grade A or B. The QT autograft did not affect the inci-
dence of IKDC A or B compared with that observed
with the BPTB (OR: 0.62; 95% CI: 0.30-1.25; P=0.178)
or HT (OR: 1.18; 95% CI: 0.61-2.27; P=0.616) auto-
graft (Fig. 6A). We noted potential heterogeneity for
QT versus BPTB (I?=55.0%; P=0.064), while there
was no evidence of heterogeneity for QT versus HT
(>=0.0%; P=0.572). The results of the subgroup analy-
ses according to study design were consistent with the
overall analysis, and the conclusions remained non-
significant (Table 2). No significant publication bias for
the incidence of IKDC A or B was observed (P value for
Egger: 0.808; P value for Begg: 0.536; Supplementary
file 1).

Data on the effect of the QT autografts on subjective
satisfaction were reported in two studies. There was no
significant difference between the QT and BPTB auto-
grafts in terms of subjective satisfaction (OR: 1.13; 95%
CI: 0.41-3.14; P=0.810; Fig. 6B) and no evidence of
heterogeneity across the included studies (*=0.0%;
P=0.660). Moreover, two studies reported the effect
of the QT autograft on the incidence of moderate-to-
severe symptoms during sports and work activities. The
QT autograft was associated with a lower incidence of
moderate-to-severe kneecap symptoms during sports
and work activities compared with the BPTB autograft
(OR: 0.14; 95% CI: 0.05-0.37; P<0.001). However, no sig-
nificant difference was observed between the QT and HT
autografts in the incidence of moderate-to-severe knee-
cap symptoms during sports and work activities (OR:
1.28; 95% CI: 0.32-5.09; P=0.727) (Fig. 6C).

Discussion

This updated systematic review and meta-analysis iden-
tified 2964 patients with ACLR from 21 studies with a
broad range of patient characteristics. This study found
that QT autografts were associated with a lower risk of
donor-site pain and moderate-to-severe symptoms dur-
ing sports and work activities versus BPTB autografts.
Moreover, the QT autografts were associated with a
lower risk of graft failure and smaller side-to-side differ-
ences versus HT autografts. Furthermore, QT autografts
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Fig. 5 Effects of QT versus BPTB and HT autografts on the incidence of pivot-shift grade 0 (A) and the incidence of Lachman grade 0 (B). BPTB

bone-patellar tendon-bone, HT hamstring tendon, QT quadriceps tendon

were associated with an increased incidence of pivot-shift
grade 0 versus BPTB autografts in the pooled prospective
studies.

Several systematic reviews and meta-analyses have
compared the efficacy and safety of various autografts
for ACLR [51-56]. A Bayesian network meta-analysis
conducted by Migliorini et al. identified 2,603 knees
and found that the QT autograft was a feasible option

for primary ACLR [51]. Zhou et al. identified 15 studies
and found that the BPTB autograft was more associated
with an increased risk of contralateral ACL rupture than
the HT autograft was [52]. Bergeron et al. identified 29
studies and found no significant difference between the
BPTB and HT autografts in the return to baseline physi-
cal activity and/or sports participation level [53]. A meta-
analysis conducted by Hurley et al. included 15 studies
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and suggested that the QT autograft was associated with
a lower risk of re-rupture and donor-site morbidity com-
pared with the HT autograft. Moreover, the QT autograft
showed a better residual pivot shift versus the HT auto-
graft [54]. Herbawi et al. identified 10 studies and found
that QT autografts showed better results for knee flexion
versus HT autografts, whereas the QT and BPTB auto-
grafts gave similar results. Moreover, the use of an HT
autograft was associated with superior results regarding
knee extension compared with the QT autograft [55]. Dai
et al. performed a meta-analysis of 24 studies and found
QT showed comparable graft survival, functional out-
comes, and stability outcomes as compared with HT and
BPTB. Moreover, QT was associated with a lower risk of
donor-site morbidity [56]. However, considering that the
inclusion criteria across previous studies were not con-
sistent, and several important results regarding the use
of the QT, BPTB, and HT autografts for ACLR were not
investigated, the present updated systematic review and
meta-analysis was performed to determine the treatment
effects of QT, BPTB, and HT autografts for ACLR.

In summary, our results suggest that the QT autografts
showed a lower risk of donor-site pain and moderate-to-
severe symptoms during sports and work activities ver-
sus BPTB autografts. A potential reason for this could
be that the QT autograft is longer and thicker than the
BPTB autograft and attaches to the patella more widely
[57]. Moreover, the QT autograft was associated with a
larger cross-sectional area than that covered by the patel-
lar tendon, whereas the ultimate tensile stress and strain
of the patellar tendon were larger than those of the QT
autograft [58]. Furthermore, several factors such as par-
esthesia, anterior knee pain, incision size, and scar cos-
mesis could affect the incidence of donor-site morbidity.
Specifically, hypoesthesia from nerve injuries is signifi-
cantly related to patient dissatisfaction and donor-site
complaints [59, 60]. Finally, although the risk of moder-
ate-to-severe symptoms during sports and work activities
are lower in patients in whom a QT autograft rather than
an HT or BPTB autograft was used for ACLR, only two
studies reported these results, and the pooled conclusion
might vary.

We noted that the QT autograft was associated with a
lower risk of graft failure and smaller side-to-side differ-
ences than those observed with the HT autograft. Poten-
tial reasons for these include graft thickness, variation
in the HT configuration, the number of strands, and the
method of graft fixation. Moreover, a patellar bone block
was applied in the QT harvesting technique used in most
of the included studies, and bone-to-bone healing was
superior to tendon-to-bone healing, which was associ-
ated with a lower risk of graft re-rupture [61, 62].
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The functional outcomes of the QT, BPTB, and HT
autografts were comparable, whereas the subgroup
analysis found that the QT autografts were associated
with an increased incidence of pivot-shift grade 0 ver-
sus BPTB autografts in the pooled prospective studies.
However, this result was only reported in one study [36]
and was adequately explained by a QT autograft with a
larger cross-sectional area in the intra-articular portion
of an ACLR [63]. Moreover, although the results of the
subgroup analyses for the investigated outcomes were
obtained according to study design, most of the included
studies were retrospective observational studies; thus,
further prospective studies are required.

An important point to raise is that there are two dis-
tinct methods for harvesting and implanting the QT
in ACLR surgery: ribbon-shaped QT harvesting with
square tunnel reconstruction and circular QT harvest-
ing implemented through cylindrical tunnels, mimicking
the patellar tendon or hamstring techniques. Ribbon-
shaped harvesting typically preserves the natural fiber
arrangement of the QT, which may more closely resem-
ble the native anatomy and function of the ACL. This
approach is likely to facilitate the restoration of knee
joint stability and range of motion. Square tunnels pro-
vide a larger surface area for contact, which is conducive
to tendon-to-bone healing and enhances the initial sta-
bility of the reconstructed ligament. Harvesting the cir-
cular QT and replicating the reconstruction style of the
patellar tendon or hamstring may place greater empha-
sis on the central stability of the reconstructed ligament
and minimizing interference with surrounding tissues.
This approach might be better suited for those seeking
specific mechanical properties or accommodating cer-
tain patient anatomies. Square tunnel reconstruction
demands higher precision and surgical skill to ensure
accurate tunnel positioning and sizing as well as secure
fixation of the ribbon-shaped tendon, thus avoiding post-
operative complications such as displacement or rupture.
In contrast, cylindrical tunnels offer potentially simpler
technical procedures, reducing surgical complexity, and
existing experiences from patellar tendon or hamstring
reconstructions can be leveraged to expedite the surgical
process. Future studies should compare the efficacy and
safety of these two distinct methods of harvesting and
implanting the QT in ACLR surgeries.

This study has several limitations. First, the analy-
sis included RCTs, prospective observational stud-
ies, and retrospective observational studies, and the
results could have been affected by recall and con-
founder biases. Second, the prognosis of patients after
ACLR differs between the skeletally immature and
mature, which could affect the treatment effects of the
QT, BPTB, and HT autografts for ACLR [64]. Third,
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the therapeutic outcomes of using QT, BPTB, and HT
autografts for ACLR may be influenced by the neces-
sity for revisions or alternative procedures following
the initial implementation of either technique, particu-
larly concerning the overall differences between these
approaches. Fourth, a small number of studies reported
several outcomes, and the pooled conclusion was vari-
able. Fifth, the heterogeneity across the included stud-
ies was substantial for several reported outcomes,
which was not fully explained by the sensitivity and
subgroup analyses. The potential reason for this could
be the various characteristics of the patients and reha-
bilitation procedures among the included studies.
Moreover, the widely variable follow-up times and the
absence of detailed demographic data could be consid-
ered a potential source of heterogeneity. Finally, there
are inherent limitations to the meta-analysis of pub-
lished articles, including inevitable publication bias and
restricted detailed analyses.

Conclusion

The findings of this study indicated that, compared
with the BPTB autograft, the QT autograft was associ-
ated with a lower risk of donor-site pain and moderate-
to-severe kneecap symptoms during sports and work
activities. Furthermore, compared with HT autografts,
QT autografts were associated with a lower risk of
graft failure and fewer side-to-side differences. Fur-
ther large-scale RCTs should be performed to compare
the efficacy and safety of the QT autograft versus the
BPTB and HT autografts for ACLR according to patient
characteristics.
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