
Systematic Review
From the
Center, Chic
J.C., N.N.V.
U.S.A. (H.S
(A.M.).

Received J
Address co

pedic Surger
IL 60612, U

� 2024 T
Arthroscopy
the CC BY-N

2666-061X
https://doi
Patients Have Similar Clinical Outcomes and Failure
Rates After Anterior Cruciate Ligament

Reconstruction With Tibialis Anterior Tendon,
BoneePatellar TendoneBone, Hamstring Tendon, or
Achilles Tendon Allografts: A Systematic Review
Udit Dave, B.S., Juan Bernardo Villarreal-Espinosa, M.D., Harshal Shah, B.S.,
Eric J. Cotter, M.D., Fernando Gómez-Verdejo, M.D., Melissa Carpenter, B.S.,
Cameron Gerhold, B.S., Alexander Mamonov, Jorge Chahla, M.D., Ph.D., and

Nikhil N. Verma, M.D.
Purpose: To compare postoperative outcomes and functionality in patients who undergo primary allograft anterior
cruciate ligament reconstruction (ACLR) with tibialis anterior (TA) tendon, boneepatellar tendonebone (BPTB),
hamstring tendon (HT), and Achilles tendon allografts. Methods: In April 2024, a comprehensive search of the PubMed,
Embase, and Cochrane Library databases was performed in accordance with Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines. Studies were included if they evaluated primary ACLR using allograft, were
prospective randomized controlled trials or retrospective studies, compared outcomes in patients undergoing primary
ACLR with different allograft types, and were published between 2000 and 2024. Data collection included patient de-
mographic characteristics, graft type, activity level, drilling technique, concomitant and augmentation procedures, patient-
reported outcome measures, complications, and graft rerupture rates. Pooling of data was avoided, and qualitative data
comparison was conducted. Results: The initial search identified 957 studies, 7 of which were included in this systematic
review. Of these, 5 were randomized controlled trials and 2 were retrospective studies. A total of 735 patients were
included, with 167 HT patients, 252 BPTB patients, 162 TA patients, and 153 Achilles patients. The mean ages within the
cohorts ranged from 23.9 to 37.2 years. The mean follow-up times across studies ranged from 25.6 to 90.0 months.
Demographic characteristics were similar among the graft cohorts, and each study had a low risk of bias. Failure rates
ranged from 2% to 65% across studies. Similar International Knee Documentation Committee, Lysholm, and Tegner
scores were reported among the graft types. Additionally, similar functional outcomes as measured by side-by-side dif-
ferences in arthrometer readings and similar complication rates after primary ACLR with HT, BPTB, TA, and Achilles
allografts were found. Conclusions: Primary ACLR with allografts in patients older than 23 years is safe and effective
with few differences in patient-reported outcomes, postoperative function, and graft failure rates among graft options.
Level of Evidence: Level IV, systematic review of Level I to IV studies.
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Arthroscopy, Sports Medicine, and Rehabilitat
he anterior cruciate ligament (ACL) is critical to
Tappropriate stability and function of the knee. ACL
reconstruction (ACLR) aims to restore rotational and
sagittal stability after injury.1-3 ACLR can be performed
using either autograft or allograft tissue, with allografts
being used in an estimated 22% to 42% of cases.4

There has been controversy over the use of allografts
in ACLR, particularly in younger patients, with prior
reports noting higher rerupture rates.5,6 Interest
remains in defining populations of patients who may
be appropriate candidates for allograft use and deter-
mining whether rehabilitation protocol adjustments
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with allograft use may allow for comparable outcomes
to autografts, even in younger patients. Prior work has
shown that allograft ACLR is best suited for older, less
active patients.7 However, allograft ACLR has been
shown to yield excellent outcomes in younger patient
populations who comply with more slowly paced
rehabilitation and return-to-sport protocols.7,8 The
benefit of allografts is the absence of ACL donor-site
morbidity associated with autograft harvesting.9,10

Common allografts used for ACLR include tibialis
anterior (TA) tendon, Achilles tendon, hamstring
tendon (HT), and boneepatellar tendonebone
(BPTB).11,12

The optimal allograft to allow patients to return to
desired activities while minimizing rerupture rates re-
mains a topic of debate. Previous studies have shown
that TA allografts provide satisfactory outcomes in pa-
tients with minimum 2-year follow-up, with a 5.2%
rerupture rate13 and 94% of patients receiving normal
or nearly normal grades per the International Knee
Documentation Committee (IKDC) score.14 Further-
more, TA is often used for recreational athletes aged 40
years and older and has been associated with persistent
postoperative knee laxity at times.13,14 Achilles allo-
grafts have been previously shown to provide relative
long-term stability in young athletes, with rerupture
rates of 5.6% to 12.0% at mean follow-up times of 40
to 72 months.15-17 Similarly, hamstring allografts pro-
vide satisfactory knee stability, with 88.4% of patients
having normal or nearly normal IKDC scores post-
operatively after ACLR relative to preoperative func-
tion.18 BPTB allografts have also been shown to be an
effective option, with low revision rates (3.7%-6%) in
patients who are not elite athletes, to avoid donor-site
morbidity.19,20

The purpose of this systematic review was to compare
postoperative outcomes and functionality in patients
who undergo primary allograft ACLR with TA tendon,
BPTB, HT, and Achilles tendon allografts. We hypoth-
esized that there would be similar outcomes across
allograft types, with similar graft rerupture rates.
Methods

Literature Search
A comprehensive search of the PubMed, Embase, and

Cochrane Library databases was performed in accor-
dance with Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines in April 2024.
The following search strategy was used: “(‘anterior
cruciate ligament reconstruction’ OR ‘ACL reconstruc-
tion’ OR ‘ACLR’) AND (‘allograft’) NOT (‘autograft’)
NOT (‘revision’ OR ‘retear’ OR ‘re-tear’ OR ‘reopera-
tion’ OR ‘re-op*’) NOT (‘cadaver’) NOT (‘biomech*’)
NOT (‘systematic review’) NOT (‘metaanalysis’ OR
‘meta-analysis’).” The search was conducted by one of
the authors (U.D.).
Studies were included if they evaluated male and

female patients of any age group who underwent pri-
mary ACLR, were prospective randomized controlled
trials (RCTs) or retrospective studies, compared out-
comes in patients undergoing primary ACLR with 1
type of allograft with those in patients undergoing pri-
mary ACLR with a different type of allograft, and were
published between 2000 and 2024. We excluded
translational studies or cadaveric studies, studies of
revision ACLR patients, studies that did not directly
compare patients receiving different allografts, studies
with less than 18-month follow-up, and study designs
consisting of systematic reviews, narrative reviews,
conference abstracts, technical notes, letters to editors,
or meta-analyses. Two authors (U.D. and J.B.V-E.)
independently screened the titles, abstracts, and full
article texts using the online software program Covi-
dence (Veritas Health Innovation, Melbourne,
Australia). Any disagreements were resolved by dis-
cussion leading to consensus between the 2 screening
authors (U.D. and J.B.V-E.).

Data Extraction and Quality Assessment
Data items extracted from each study included the

total number of patients who received each allograft
type for ACLR; patient sex; patient activity level; drilling
technique; concomitant and augmentation procedures;
preoperative and postoperative patient-reported
outcome measures (PROMs) including the IKDC
score, Tegner score, and Lysholm score; complications,
and graft rerupture rates. Disaggregation of study data
by sex was not performed because no included studies
divided patients based on gender or sex, and the effects
of patient gender or sex on outcomes was not evaluated
in our systematic review. Assessment of study quality
for RCTs was performed using the Cochrane Collabo-
ration risk-of-bias tool,21 and nonrandomized retro-
spective study quality assessment was performed with
the Methodological Index for Non-randomized Studies
criteria.22

Statistical Analysis
Pooling of data was avoided because of a high risk of

bias. As a result, a qualitative data comparison was
conducted. Eligible studies were entered into Open
Meta Analyst software (Brown University, Providence,
RI) to create single-leg forest plots illustrating PROMs
and functional scores by entering means and standard
deviations for each study. This software was also used
to calculate I2 values, which were used to objectively
evaluate heterogeneity within the studies included in
this systematic review. Preoperative measures, post-
operative measures, and changes in mean scores were
computed when applicable.
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Fig 1. Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses
(PRISMA) study selection flow diagram.
The numbers of screened, excluded, and
included studies are shown.
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Results

Search Results
A total of 957 studies were identified in the initial

search, 229 of which were duplicates and were subse-
quently excluded. The remaining 728 studies under-
went title and abstract screening; of these, 713 were
found to be irrelevant to the study aims and therefore
excluded. The remaining 15 studies were assessed for
eligibility with full-text review. After the exclusion of 8
studies owing to an incorrect study design, comparator,
or intervention, 7 studies were ultimately included for
data extraction (Fig 1). Table 1 summarizes the study
characteristics. The included studies had both RCT and
retrospective study designs, and all evaluated PROMs.

Study Characteristics

Demographic Characteristics
Seven studies with a total of 735 patients met the

inclusion criteria and were included in this systematic
review.23-29 For analysis, patients were grouped into 4
different cohorts based on the type of allograft they
received: HT, BPTB, TA, and Achilles. Three studies
evaluated HT allografts,23,26,28 5 studies evaluated BPTB
allografts,23,24,26,27,29 4 studies evaluated TA
allografts,24,25,27,28 and 2 studies evaluated Achilles al-
lografts.25,29 Five of the included studies were
RCTs,23,24,26,28,29 and 2 were retrospective studies.25,27

In the 3 studies that evaluated HT allografts, there
were a total of 167 patients, with 96 male patients
(57.5%).23,26,28 Across these studies, the mean age
ranged from 27 to 36 years and the minimum follow-
up time ranged from 24 to 52 months.23,26,28

In the 5 studies that evaluated BPTB allografts, there
were a total of 252 patients, with 144 male patients
(57.1%).24-28 Across these studies, the mean age
ranged from 23.9 to 31.0 years and the minimum
follow-up time ranged from 24 to 52 months.24-28

In the 4 studies that evaluated TA allografts, there
were a total of 162 patients, with 105 male patients
(64.8%).24,25,27,28 Across these studies, the mean age
ranged from 24.2 to 37.2 years and the minimum
follow-up time ranged from 18 to 66 months.24,25,27,28

The 2 studies that evaluated Achilles allografts
included 154 total patients, with 102 male patients
(66.2%).25,29 The mean age in the Achilles cohort



Table 1. Summary of Demographic Characteristics of Included Studies and Patient Cohorts

Cohort N Mean Age (SD), yr Male Sex, n (%) Mean Follow-Up (SD), mo Population

HT
Dai et al.,23 2016 69 30.0 (6.0) 36 (52.2) 52.0 (9.5) Not specified
Rose et al.,28 2016 47 34.6 (2.9) 33 (70.0) 29.5 (8.3) 40% athletes (baseline Tegner score > 7)
Niu et al.,26 2016 51 27.0 (4.0) 27 (52.9) 40.0 (3.0) Not specified
Total 167

BPTB
Dai et al. 60 29.0 (5.0) 35 (58.3) 52.0 (9.5) Not specified
O’Brien et al.,27 2014 20 23.9 (4.5) 17 (85.0) 29.9 (16.6) Not specified
Niu et al. 50 26.0 (5.0) 25 (50.0) 40.0 (3.0) Not specified
Wang et al.,29 2011 79 31.0 (6.4) 47 (64.4) 36.7 (7.0) Not specified
Kang et al.,24 2015 43 30.0 (5) 20 (46.5) 31.0 (5.0) Not specified
Total 252

TA
Rose et al. 51 37.2 (3.3) 29 (57.0) 30.5 (7.3) 41% athletes (baseline Tegner score > 7)
O’Brien et al. 20 24.2 (4.3) 17 (85.0) 25.6 (13.1) Not specified
Kim et al.,25 2014 50 32.4 (7.0) 38 (76.0) 90.0 (16.2) Not specified
Kang et al. 41 28.5 (5.0) 21 (51.2) 33.0 (6.0) Not specified
Total 162

Achilles
Kim et al. 81 31.7 (7.3) 60 (74.1) 90.0 (16.2) Not specified
Wang et al. 73 29.1 (5.7) 42 (57.5) 37.3 (7.5) Not specified
Total 153

Grand total 735

BPTB, boneepatellar tendonebone; HT, hamstring tendon; SD, standard deviation; TA, tibialis anterior.
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ranged from 29.1 to 31.7 years, and the minimum
follow-up time ranged from 24 to 66 months.25,29

Table 1 summarizes demographic characteristics of
each of the included studies in this systematic review.
Table 2 summarizes study quality based on the Meth-
odological Index for Non-randomized Studies criteria
for nonrandomized studies and the Cochrane Collabo-
ration risk-of-bias tool for randomized studies. All
included studies had a sufficiently low risk of bias.

Surgical Techniques
Four studies used an anteromedial portal for guide

placement for the tibial tunnel and a separate ante-
romedial or posterior portal for drilling of the femoral
tunnel.23,24,26,29 Two studies used a transtibial approach
for drilling of both the tibial and femoral tunnels.25,28 The
study by O’Brien et al.27 used a transtibial approach for
tunnel drilling in the entire BPTB cohort but used a
Table 2. Summary of Study Quality and Risk-of-Bias Assessmen

Study Study Design (LOE)

Dai et al.,23 2016 RCT (I) Low
Rose et al.,28 2016 RCT (I) Low
Niu et al.,26 2016 RCT (I) Low
O’Brien et al.,27 2014 Retrospective study (IV) MIN
Kim et al.,25 2014 Retrospective study (IV) MIN
Kang et al.,24 2015 RCT (I) Low
Wang et al.,29 2011 RCT (I) Low

NOTE. Each included study had a sufficiently low risk of bias.
LOE, level of evidence; MINORS, Methodological Index for Non-random
separate anteromedial portal for femoral tunnel drilling
in 45% of the TA cohort. Four studies used an Endo-
Button (Smith & Nephew, Andover, MA) for femoral
graft fixation and bioabsorbable interference screws for
tibial graft fixation.24,26-28 No studies included any
augmentation procedures such as lateral extra-articular
tenodesis. Only Rose et al.28 reported how they steril-
ized allografts, using low-level gamma irradiation and
Allowash detergent (LifeNet Health, Virginia Beach,
VA). Within the HT cohort, Dai et al.23 used 6-strand HT
whereas Niu et al.26 and Rose et al. used quadrupled
tendon. Table 3 summarizes tunnel drilling and graft
sterilization and fixation techniques used by each of the
studies included in this systematic review.

Patient-Reported Outcome Measures
IKDC Score. IKDC scores were reported by all 3 studies
that evaluated HT allografts.23,26,28 Postoperative IKDC
t

Quality Assessment Score Sufficient Study Quality

risk per Cochrane risk-of-bias tool Yes
risk per Cochrane risk-of-bias tool Yes
risk per Cochrane risk-of-bias tool Yes
ORS (non-comparative) score: 10 Yes
ORS (non-comparative) score: 10 Yes
risk per Cochrane risk-of-bias tool Yes
risk per Cochrane risk-of-bias tool Yes

ized Studies; RCT, randomized controlled trial.



Table 3. Summary of Surgical Techniques for Each Included Study

Study Tunnel Drilling Technique Graft Sterilization Graft Fixation Technique Concomitant Procedures

Dai et al.,23 2016 Tibial: medial portal
Femoral: anteromedial portal

Not reported Femur: EndoButton (HT
cohort), 1 bioabsorbable
interference screw (BPTB

cohort)
Tibia: 2 bioabsorbable

interference screws

None

Rose et al.,28 2016 Transtibial femoral single
tunnel

Chemical, radiation Femur: EndoButton
Tibia: 2 bioabsorbable

interference screws

None

Niu et al.,26 2016 Tibial: anteromedial portal
Femoral: anteromedial portal

Not reported Femur: EndoButton
Tibia: 2 bioabsorbable

interference screws

Meniscectomy (49.1% of HT
cohort and 57.7% of BPTB
cohort)

O’Brien et al.,27 2014 Transtibial femoral single
tunnel (100% of BPTB
cohort and 55% of TA

cohort)
Anteromedial portal (45% of

TA cohort)

Not reported Femur: EndoButton
Tibia: 1 bioabsorbable
interference screw and

sheath

Meniscectomy (55% of BPTB
cohort and 35% of TA

cohort)
Meniscal repair (15% of BPTB

cohort and 30% of TA
cohort)

PLC reconstruction (5% of TA
cohort)

Removal of loose body (5% of
BPTB cohort)

Wang et al.,29 2011 Tibial: anteromedial portal
Femoral: anteromedial portal

Not reported Femur: biodegradable screw
Tibia: cortical screw with

spiked washer

Meniscectomy (number not
specified)

Kang et al.,24 2015 Tibial: anteromedial tunnel
Femoral: anteromedial portal

Not reported Femur: EndoButton
Tibia: bioabsorbable

interference screw

Meniscectomy (51% of BPTB
cohort and 42% of TA

cohort)
Meniscal repair (2% of BPTB

cohort and 2% of TA
cohort)

Chondral lesions (7% of BPTB
cohort and 5% of TA

cohort)
Kim et al.,25 2014 Transtibial femoral single

tunnel
Not reported Femur: RigidFix Cross Pins

(DePuy Mitek, Raynham,
MA)

Tibia: cancellous screw with
ligament washer and
bioabsorbable interference
screw

Not specified

BPTB, boneepatellar tendonebone; HT, hamstring tendon; PLC, posterolateral corner; TA, tibialis anterior.
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scores were reported for all 3 HT allograft cohorts, with
means ranging from 74.2 to 89.4.23,26,28 The changes in
mean IKDC scores for the HT cohorts in the studies of
Dai et al.23 and Rose et al.28 were 25.7 and 28.3,
respectively. Postoperative IKDC scores were reported
by all 5 studies that evaluated BPTB allografts.24-28 At
minimum 18-month follow-up, mean IKDC scores for
BPTB patients ranged from 88.5 to 92.6.24-28 The
changes in mean IKDC scores for the BPTB cohorts in
the studies of Dai et al., Wang et al.,29 and Kang
et al.24 were 22.4, 40.7, and 44.2, respectively. Three
studies with TA cohorts reported mean postoperative
IKDC scores, with minimum 18-month follow-up
scores ranging from 74.2 to 91.1.24,27,28 The changes
in mean IKDC scores for the TA cohorts in the studies
of Rose et al. and Kang et al. were 31.2 and 47.5,
respectively. Only 1 of 2 studies including Achilles
allograft patients25,29 reported mean IKDC scores at
minimum 2-year follow-up, with a mean of 90.6.29

Table 4 summarizes IKDC scores for each of the
cohorts included in this study. Figure 2 displays a
forest plot that serves as a visual aid illustrating IKDC
scores across included studies, with an I2 value of
97.56%.

Lysholm Score. All 3 studies that evaluated HT allo-
grafts reported Lysholm scores.23,26,28 At the 2-year
follow-up mark, mean Lysholm scores were reported
by all 3 studies and ranged from 75.9 to 92.8.23,26,28

The changes in mean Lysholm scores for the HT
cohorts in the studies of Dai et al.23 and Rose et al.28

were 29.9 and 22.9, respectively. All 5 studies that



Table 4. Summary of Preoperative and Postoperative IKDC Scores

Cohort Mean Preoperative IKDC Score (SD) Mean Postoperative IKDC Score (SD) Change in Mean IKDC Score

HT
Dai et al.,23 2016 63.7 (10.1) 89.4 (5.0) 25.7
Rose et al.,28 2016 45.9 (5.4) 74.2 (8.9) 28.3
Niu et al.,26 2016 NA 87.0 (5.0) NA

BPTB
Dai et al. 66.1 (9.4) 88.5 (4.9) 22.4
O’Brien et al.,27 2014 NA 92.6 (7.8) NA
Niu et al. NA 89.9 (5.2) NA
Wang et al.,29 2011 48.7 (7.7) 89.4 (7.9) 40.7
Kang et al.,24 2015 45.7 (9.6) 89.9 (4.7) 44.2

TA
Rose et al. 43.0 (4.0) 74.2 (5.8) 31.2
O’Brien et al. NA 90.3 (8.7) NA
Kim et al.,25 2014 61.5 (7.5) NA NA
Kang et al. 43.6 (10.8) 91.1 (5.6) 47.5

Achilles tendon
Kim et al. 60.5 (5.9) NA NA
Wang et al. 50.2 (7.4) 90.6 (7.8) 40.4

BPTB, boneepatellar tendonebone; HT, hamstring tendon; IKDC, International Knee Documentation Committee; NA, not applicable; SD,
standard deviation; TA, tibialis anterior.
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evaluated BPTB allografts also reported Lysholm scores.
At minimum 18-month follow-up, mean postoperative
Lysholm scores were reported by all 5 BPTB studies and
ranged from 90.1 to 92.9.24-28 The changes in mean
Lysholm scores in the studies of Dai et al., Wang
et al.,29 and Kang et al.24 were 30.0, 30.7, and 44.2,
respectively. Of the 4 studies that evaluated TA
allografts, 3 reported Lysholm scores.24,27,28 At
Studies

Dai HT
Rose HT
Niu HT
Subgroup HT (I^2=98.23 % , P=0.000)

Dai BTB
O'Brien BTB

Niu BTB
Wang BTB
Kang BTB

Subgroup BTB (I^2=36.28 % , P=0.179)

Rose TA
O'Brien TA

Kang TA

Subgroup TA (I^2=99.08 % , P=0.000)

Wang Ach
Subgroup Ach (I^2=NA , P=NA)

Overall (I^2=97.56 % , P=0.000)

Estimate (95% C.I.) 

89.400 (88.220, 90.580)
74.200 (71.656, 76.744)
87.000 (85.628, 88.372)
83.642 (76.841, 90.443)

88.500 (87.260, 89.740)
92.600 (89.182, 96.018)
89.900 (88.459, 91.341)
89.400 (87.658, 91.142)
89.900 (88.495, 91.305)
89.591 (88.680, 90.502)

74.200 (72.608, 75.792)
90.300 (86.487, 94.113)
91.100 (89.386, 92.814)
85.156 (72.585, 97.726)

90.600 (88.811, 92.389)
90.600 (88.811, 92.389)

87.238 (84.182, 90.294)

Fig 2. Forest plot showing mean International Knee Document
represent the mean value of each study with lines extending to
boneepatellar tendonebone; CI, confidence interval; HT, hamstr
minimum 18-month follow-up, mean Lysholm scores
were reported by these 3 studies and ranged from
83.3 to 94.0.24,27,28 The changes in mean Lysholm
scores were able to be calculated for the studies by
Rose et al. and Kang et al., with values of 27.2 and
42.8, respectively. Only Wang et al. reported
postoperative Lysholm scores, with a mean of 92.3.
The difference in preoperative and postoperative
75 80 85 90 95

ation Committee scores across included studies. Black boxes
the 95% confidence intervals. (Ach, Achilles tendon; BTB,

ing tendon; TA, tibialis anterior.)



Table 5. Summary of Preoperative and Postoperative Lysholm Scores

Cohort Mean Preoperative Lysholm Score (SD) Mean Postoperative Lysholm Score (SD) Change in Mean Lysholm Score

HT
Dai et al.,23 2016 62.9 (7.3) 92.8 (4.5) 29.9
Rose et al.,28 2016 63.0 (6.5) 75.9 (8.3) 22.9
Niu et al.,26 2016 NA 87.3 (4.6) NA

BPTB
Dai et al. 61.7 (6.8) 91.7 (3.9) 30.0
O’Brien et al.,27 2014 NA 92.9 (6.0) NA
Niu et al. NA 90.1 (5.1) NA
Wang et al.,29 2011 59.8 (9.1) 90.5 (5.5) 30.7
Kang et al.,24 2015 49.0 (10.1) 93.2 (5.0) 44.2

TA
Rose et al. 56.1 (5.3) 83.3 (7.7) 27.2
O’Brien et al. NA 93.0 (8.0) NA
Kim et al.,25 2014 62.4 (6.4) NA NA
Kang et al. 51.2 (13.2) 94.0 (4.8) 42.8

Achilles tendon
Kim et al. 63.2 (7.2) NA NA
Wang et al. 58.0 (10.5) 92.3 (6.1) 34.3

BPTB, boneepatellar tendonebone; HT, hamstring tendon; NA, not applicable; SD, standard deviation; TA, tibialis anterior.
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mean Lysholm scores in their study was 34.3.29 Table 5
summarizes preoperative and postoperative Lysholm
scores for each of the cohorts in this study. Figure 3
displays a forest plot that serves as a visual aid
illustrating Lysholm scores across included studies,
with an I2 value of 96.04%.

Tegner Score. Of the 3 studies evaluating HT allo-
grafts, only the study of Rose et al.28 reported Tegner
Studies

Dai HT
Rose HT
Niu HT
Subgroup HT (I^2=98.85 % , P=0.000)

Dai BTB
O'Brien BTB

Niu BTB
Wang BTB
Kang BTB

Subgroup BTB (I^2=68.09 % , P=0.014)

Rose TA
O'Brien TA

Kang TA

Subgroup TA (I^2=96.77 % , P=0.000)

Wang Ach
Subgroup Ach (I^2=NA , P=NA)

Overall (I^2=96.04 % , P=0.000)

Estimate (95% C.I.) 

92.800 (91.738, 93.862)
75.900 (73.527, 78.273)
87.300 (86.038, 88.562)
85.410 (77.702, 93.119)

91.700 (90.713, 92.687)
92.900 (90.270, 95.530)
90.100 (88.686, 91.514)
90.500 (89.287, 91.713)
93.200 (91.706, 94.694)
91.533 (90.408, 92.657)

83.800 (81.687, 85.913)
93.000 (89.494, 96.506)
94.000 (92.531, 95.469)
90.240 (83.164, 97.317)

92.300 (90.901, 93.699)
92.300 (90.901, 93.699)

89.827 (87.678, 91.976)

Fig 3. Forest plot showing mean Lysholm scores across included
with lines extending to the 95% confidence intervals. (Ach, Achi
interval; HT, hamstring tendon; TA, tibialis anterior.)
scores, with a baseline preoperative mean score of
2.6 and a 2-year follow-up mean score of 5.4. The
mean change in the Tegner score found by Rose
et al. was 2.8. Wang et al.29 and Kang et al.24

reported Tegner scores for the BPTB cohort. Both
studies reported postoperative Tegner scores ranging
from 7.0 to 7.2 at minimum 2-year follow-up.24,29

The mean changes in Tegner scores found by Wang
et al. and Kang et al. were 3.2 and 3.0, respectively.
75 80 85 90 95

studies. Black boxes represent the mean value of each study
lles tendon; BTB, boneepatellar tendonebone; CI, confidence
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Two of the TA allograft studies reported Tegner
scores, with postoperative means ranging from 5.3 to
7.0.24,28 The mean changes in Tegner scores found
by Rose et al. and Kang et al. were 2.7 and 3.0,
respectively. For the Achilles cohort, only Wang
et al. reported postoperative Tegner scores, with a
mean postoperative Tegner score of 7.0 and ultimate
difference in mean Tegner score of 3.1.

Functional Outcomes
Postoperative arthrometer measurement was per-

formed in 2 studies evaluating HT patients, with mean
side-to-side differences in anterior translation ranging
from 0.88 to 1.1 mm.23,28 Three studies evaluated
postoperative KT-1000 arthrometer (MEDmetric, San
Diego, CA) measurements in BPTB patients, with mean
side-to-side difference in anterior translation ranging
from 1.30 to 2.43 mm.23,24 The change in mean
arthrometer side-to-side difference preoperatively and
postoperatively could only be calculated for the study of
Wang et al.,29 which showed a mean change of e4.52
mm. Three studies with TA patients evaluated post-
operative side-to-side differences via arthrometer
measurements, with mean side-to-side differences in
anterior translation ranging from 0.40 to 2.1
mm.24,25,28 The change in mean arthrometer side-to-
side difference preoperatively and postoperatively
could only be calculated for the study of Kim et al.,25

which showed a mean change of e1.70 mm. Post-
operative side-to-side differences in anterior transla-
tion measured for the Achilles allograft studies ranged
from 1.70 to 2.40 mm.24,25,28 The change in mean
arthrometer side-to-side difference preoperatively and
postoperatively was calculated to be e1.30 mm for the
study of Kim et al. and e5.33 mm for the study of Wang
et al.

Complications and Reoperations
Three studies reported complication rates for HT

allograft patients.23,26,28 The ACL rerupture rate for HT
allograft patients in the study by Dai et al.23 was 5.8%
(4 of 69 patients). Similarly, the rerupture rate was
found to be 4.3% (2 of 47 patients) in the study by Rose
et al.28 A higher rerupture rate of 7.8% (4 of 51 pa-
tients) was found by Niu et al.26; however, this study
also found that 17.6% of patients (9 of 51) experienced
HT graft failure, for a total operative failure rate of
25.5%. Complication rates for BPTB allograft patients
were reported by 5 studies.23,24,26,27,29 The rerupture
rate for BPTB patients found by Dai et al. was 10% (6 of
60 patients). Niu et al. found the retear rate for BPTB
allograft patients to be 2% (1 of 50 patients) and found
that 4% of patients (2 of 50) experienced graft failure.
Wang et al.29 reported a graft failure rate of 11.4% (9 of
79 patients). A much higher complication rate for BPTB
patients was found by O’Brien et al.,27 who reported
that 13 of 20 patients (65%) experienced rerupture.
Kang et al.24 reported that no BPTB or TA patients had
any complications. Two additional studies reported
complication rates for the TA allograft group.27,28 The
rerupture rate found by Rose et al. was 2.0% (1 of 51
patients). A higher rerupture rate of 10% (2 of 20 pa-
tients) was found by O’Brien et al. Only Wang et al.
reported a rerupture/graft failure rate of 2.7% (2 of 73
patients) within their Achilles allograft cohort. There
was no incidence of other common surgical complica-
tions including deep vein thrombosis, superficial or
deep wound infection, dehiscence, or need for addi-
tional procedures such as manipulation under anes-
thesia or lysis of adhesions.
Discussion
The main findings of this study show that there are

similar patient-reported outcomes (PROs), functional
outcomes, complications, and reoperation rates after
primary ACLR with HT, BPTB, TA, and Achilles allo-
grafts. The type of allograft chosen does not affect the
outcomes of primary ACLR at short-term follow-up.
The use of allografts as opposed to autografts for

primary ACLR has increased owing to the elimination
of donor-site morbidity that is faced by autograft pa-
tients.30 When choosing an allograft for patients un-
dergoing primary ACLR, orthopaedic surgeons need to
consider the graft’s tensile strength, healing ability, and
storage and infection risks.30 Previous studies have
shown that when patients adhere to a more slowly
paced rehabilitation protocol than would be commonly
prescribed after autograft ACLR, those who receive an
allograft for ACLR have comparable postoperative
outcomes.7,31 Our study further demonstrates that HT,
BPTB, TA, and Achilles allografts are each safe and
effective allograft choices for primary ACLR in cohorts
of patients older than 23 years who are not elite ath-
letes. However, it is important to note that our sys-
tematic review does not compare patient outcomes and
complications with allografts versus autografts; rather,
it suggests that if an allograft is used in patients older
than 23 years who are not high-level athletes, graft
choice does not have a substantial impact on outcomes.
A 2015 systematic review and meta-analysis by

Wasserstein et al.32 including 788 patients with a mean
age of 21.7 years across 7 studies found that patients
who received tibialis, BPTB, and Achilles allografts
experienced a 25.0% failure rate whereas patients who
received BPTB and quadriceps tendon autografts
experienced a 9.6% failure rate. The relative risk of
graft failure of autografts compared with allografts
was calculated to be 0.36, with a significantly low P
value. The authors concluded that the comparative risk
of graft rupture associated with allograft use compared
with autograft use was high enough to caution



OUTCOMES AFTER ACLR WITH ALLOGRAFT 9
orthopaedic surgeons regarding the use of allografts for
ACLR in a young, active population.32

In this study, there were no clinically relevant dif-
ferences in IKDC, Lysholm, or Tegner scores at mini-
mum 18-month follow-up or differences in
preoperative and postoperative scores among patients
receiving HT, BPTB, TA, and Achilles allografts. Addi-
tionally, although each study included in this systematic
review had a sufficiently low risk of bias for inclusion,
there was objectively high heterogeneity among the
included studies as measured by I2 values of 96.04% for
the Lysholm score and 97.56% for the IKDC score. As a
result of this high heterogeneity, we opted not to
perform a meta-analysis and not to pool data.
In a 2010 systematic review including 31 studies that

evaluated BPTB and HT allografts, Foster et al.33

concluded that no individual graft source was clearly
superior and that choice of graft tissue should be based
on the patient’s demographic characteristics and ath-
letic ability and the preference of the surgeon. Our
study revealed similar PROMs including IKDC,
Lysholm, and Tegner scores for patients who received
HT, BPTB, TA, and Achilles allografts. However, all of
these PROMs had smaller standard deviations at final
follow-up for BPTB allografts compared with soft-tissue
grafts, possibly indicating a more consistent end result
at final short-term follow-up. Our study found that
with BPTB grafts, there was greater uniformity in
postoperative IKDC and Tegner scores across studies,
with much smaller standard deviations, indicating more
predictable improvement than some of the other graft
options. This may be attributable to a greater number of
studies and subsequently greater sample size of patients
with BPTB allografts; however, it may also indicate a
more predictable result with BPTB allografts. A 2023
retrospective study by Sylvia et al.34 reported patients
receiving soft-tissue allografts for primary ACLR to
have a median IKDC score of 83.9, which falls within
the ranges of means reported by all cohorts in our
study. A 2009 prospective randomized study evaluating
99 total patients, 66 of whom received BPTB allografts,
found mean IKDC scores of 84 to 89, mean Lysholm
scores of 87 to 91, and mean Tegner scores of 7.0 to 7.5
for nonirradiated and irradiated allografts.35 These
values all fall within the range of IKDC, Lysholm, and
Tegner scores reported by the articles that met the in-
clusion criteria for our study.
Functional outcomes were included by studies for

each of the 4 cohorts in this review. Measurements of
side-to-side differences in anterior translation of the
tibia measured by KT-1000 arthrometer showed over-
lapping ranges for the HT, BPTB, TA, and Achilles
allograft cohorts. A 2003 study by Chang et al.36 eval-
uating 46 patients undergoing ACLR with BPTB allo-
grafts found a side-to-side difference of 1.2 mm, which
falls within the ranges of all KT-1000 values for the 4
graft types included in our study. Similarly, in a 2012
retrospective cohort study by Ghodadra et al.37 that
evaluated 106 patients receiving BPTB allografts for
primary single-incision ACLR, the postoperative side-
to-side difference was found to have mean values
ranging from 0.4 to 0.5 mm, with standard errors of the
mean ranging from 1.7 to 1.8 mm, which is in line with
the values reported by the studies in our systematic
review.
Each of the included studies reported a failure rate

ranging from 0% to 25.5%, with the study by O’Brien
et al.27 reporting a failure rate of 65% for its BPTB
cohort. Previous studies have reported failure rates for
the use of allografts in ACLR to range from 5.6%28 to
25.5%,38 which is in line with the values obtained from
our systematic review. The study by O’Brien et al. had a
retrospective design and included only 20 total patients
in each of its BPTB and TA cohorts. Their study did have
the youngest patients of any of the included studies,
with a mean age of 23.9 years in its BPTB cohort.
Previous studies have determined that adherence to
slower rehabilitation protocols for younger ACLR pa-
tients is crucial to preventing allograft failure and that
failure rates generally tend to decrease with increased
age among allograft patients.7,16 The high outlier failure
rate of the BPTB cohort of O’Brien et al. can be
explained by the relatively young mean age of their
included patients of 23.9 years and the inherently high
variability associated with their small sample size of 20
patients.
Decisions regarding allograft choice should be tailored

to individual patient characteristics and surgeon pref-
erence. Furthermore, more primary studies, systematic
reviews, and meta-analyses are required to further
understand outcomes in patients who undergo ACLR
with different types of allografts. In particular, there is a
paucity of data evaluating patient outcomes after ACLR
with quadriceps tendon allograft.

Limitations
This study is not without limitations. First, the study is

limited by the relatively small sample sizes of the
included studies, differences in surgical techniques,
differences in graft sterilization, and indications for
specific allografts, as well as the retrospective nature of
many of the studies. In particular, no studies that met
the inclusion criteria evaluated quadriceps tendon al-
lografts, which could not be accounted for in our sys-
tematic review. Second, PROs were not routinely
reported preoperatively in all studies, so improvement
at final follow-up could not be determined. Further-
more, although the mean follow-up time was greater
than 2 years across all included patient cohorts, the
minimum follow-up time in the TA cohort was 18
months. In addition, clinically significant outcome
measures including the minimal clinically important
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difference, patient acceptable symptomatic state, and
substantial clinical benefit were not reported in any
included study, which limits the interpretation of the
PRO data provided in each study. Additionally,
numerous studies included in this systematic review
were published by the same group of authors, which
means that it is likely that some patients included in our
study were counted more than once. Finally, we were
unable to further stratify our data based on factors such
as whether the allografts were irradiated or nonirradi-
ated and whether the patients were athletes, both of
which can affect rerupture and complication rates.

Conclusions
Primary ACLR with allografts in patients older than

23 years is safe and effective with few differences in
PROs, postoperative function, and graft failure rates
among graft options.

Disclosures
The authors declare the following financial interests/

personal relationships which may be considered as
potential competing interests: J.C. is a board or com-
mittee member of American Orthopaedic Society for
Sports Medicine, Arthroscopy Association of North
America, and International Society of Arthroscopy,
Knee Surgery & Orthopaedic Sports Medicine; is a paid
consultant for Arthrex, ConMed Linvatec, Ossur, RTI
Surgical, Smith & Nephew, and Vericel; receives hos-
pitality payments from Breg, DePuy Synthes Sales,
Joint Restoration Foundation, Medical Device Business
Services, Pacira Pharmaceuticals, SI-Bone, and Vericel;
receives educational support from Medwest Associates;
and is a paid presenter or speaker for Smith & Nephew.
N.N.V. receives hospitality payments from Abbott Lab-
oratories, Axonics, Boston Scientific, Foundation
Fusion Solutions, IBSA Pharma, Nalu Medical, Nevro,
Orthofix Medical, Pacira Pharmaceuticals, Relievant
Medsystems, Salix Pharmaceuticals, Vericel, and Vertos
Medical; is a board or committee member of American
Orthopaedic Society for Sports Medicine, American
Shoulder and Elbow Surgeons, and Arthroscopy Asso-
ciation of North America; receives intellectual property
royalties from Arthrex, Graymont Professional Products
IP, Smith & Nephew, and Stryker; receives research
support from Arthrex, Breg, Ossur, Smith & Nephew,
and Stryker; is a paid consultant for Medacta USA and
Stryker; receives educational support from Medwest
Associates; is on the editorial or governing board of
SLACK; and receives travel and lodging payments from
Spinal Simplicity. All other authors (U.D., J.B.V-E.,
H.S., E.J.C., F.G-V., M.C., C.G., A.M.) declare that
they have no known competing financial interests or
personal relationships that could have appeared to in-
fluence the work reported in this paper.
References
1. Dave U, Ofa SA, Ierulli VK, Perez-Chaumont A,

Mulcahey MK. Both quadriceps and bone-patellar
tendon-bone autografts improve postoperative stability
and functional outcomes after anterior cruciate ligament
reconstruction: A systematic review. Arthrosc Sports Med
Rehabil 2024;6:100919.

2. Harris JD, Abrams GD, Bach BR, et al. Return to sport
after ACL reconstruction. Orthopedics 2014;37:e103-e108.

3. Stone AV, Chahla J, Manderle BJ, Beletsky A, Bush-
Joseph CA, Verma NN. ACL reconstruction graft angle
and outcomes: Transtibial vs anteromedial reconstruction.
HSS J 2020;16:256-263 (suppl 2).

4. Lansdown DA, Riff AJ, Meadows M, Yanke AB, Bach BR.
What factors influence the biomechanical properties of
allograft tissue for ACL reconstruction? A systematic re-
view. Clin Orthop Relat Res 2017;475:2412-2426.

5. Kaeding CC, Aros B, Pedroza A, et al. Allograft versus
autograft anterior cruciate ligament reconstruction: Pre-
dictors of failure from a MOON prospective longitudinal
cohort. Sports Health 2011;3:73-81.

6. Petit CB, Diekfuss JA, Warren SM, et al. Allograft anterior
cruciate ligament reconstruction fails at a greater rate in
patients younger than 34 years. Arthrosc Sports Med Rehabil
2023;5:100741.

7. Brown MJ, Carter T. ACL allograft: Advantages and when
to use. Sports Med Arthrosc Rev 2018;26:75-78.

8. Dekker TJ, Godin JA, Dale KM, Garrett WE, Taylor DC,
Riboh JC. Return to sport after pediatric anterior cruciate
ligament reconstruction and its effect on subsequent
anterior cruciate ligament injury. J Bone Joint Surg Am
2017;99:897-904.

9. Cvetanovich GL, Mascarenhas R, Saccomanno MF, et al.
Hamstring autograft versus soft-tissue allograft in anterior
cruciate ligament reconstruction: A systematic review and
meta-analysis of randomized controlled trials. Arthroscopy
2014;30:1616-1624.

10. Lin KM, Boyle C, Marom N, Marx RG. Graft selection in
anterior cruciate ligament reconstruction. Sports Med
Arthrosc Rev 2020;28:41-48.

11. Macaulay AA, Perfetti DC, Levine WN. Anterior cruciate
ligament graft choices. Sports Health 2012;4:63-68.

12. Shaerf DA, Pastides PS, Sarraf KM, Willis-Owen CA.
Anterior cruciate ligament reconstruction best practice: A
review of graft choice. World J Orthop 2014;5:23-29.

13. Shybut TB, Pahk B, Hall G, et al. Functional outcomes of
anterior cruciate ligament reconstruction with tibialis
anterior allograft. Bull Hosp Jt Dis 2013;2013(71):138-143.

14. Nyland J, Caborn DNM, Rothbauer J, Kocabey Y,
Couch J. Two-year outcomes following ACL reconstruc-
tion with allograft tibialis anterior tendons: A retrospec-
tive study. Knee Surg Sports Traumatol Arthrosc 2003;11:
212-218.

15. Macchiarola L, Pizza N, Patania V, et al. Double-bundle
non-anatomic ACL revision reconstruction with allograft
resulted in a low revision rate at 10 years. Knee Surg Sports
Traumatol Arthrosc 2023;31:340-348.

16. Shah AA, McCulloch PC, Lowe WR. Failure rate of
Achilles tendon allograft in primary anterior cruciate lig-
ament reconstruction. Arthroscopy 2010;26:667-674.

http://refhub.elsevier.com/S2666-061X(24)00178-0/sref1
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref1
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref1
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref1
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref1
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref1
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref2
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref2
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref3
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref3
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref3
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref3
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref4
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref4
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref4
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref4
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref5
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref5
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref5
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref5
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref6
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref6
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref6
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref6
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref7
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref7
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref8
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref8
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref8
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref8
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref8
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref9
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref9
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref9
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref9
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref9
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref10
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref10
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref10
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref11
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref11
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref12
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref12
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref12
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref13
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref13
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref13
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref14
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref14
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref14
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref14
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref14
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref15
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref15
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref15
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref15
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref16
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref16
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref16


OUTCOMES AFTER ACLR WITH ALLOGRAFT 11
17. Zaffagnini S, Grassi A, Marcheggiani Muccioli GM, et al.
Anterior cruciate ligament revision with Achilles tendon
allograft in young athletes. Orthop Traumatol Surg Res
2018;104:209-215.

18. Sun K, Zhang J, Wang Y, et al. A prospective randomized
comparison of irradiated and non-irradiated hamstring
tendon allograft for ACL reconstruction. Knee Surg Sports
Traumatol Arthrosc 2012;20:187-194.

19. DeFroda S, Fice M, Tepper S, Bach BR. Our preferred
technique for bone-patellar tendon-bone allograft prepa-
ration. Arthrosc Tech 2021;10:e2591-e2596.

20. Engler ID, Chang AY, Kaarre J, et al. Revision rates after
primary allograft ACL reconstruction by allograft tissue
type in older patients. Orthop J Sports Med 2023;11:
23259671231198538.

21. Higgins JPT, Altman DG, Gøtzsche PC, , et alThe Cochrane
Collaboration’s tool for assessing risk of bias in rando-
mised trials. BMJ 2011;343:d5928.

22. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y,
Chipponi J. Methodological Index for Non-randomized
Studies (MINORS): Development and validation of a
new instrument. ANZ J Surg 2003;73:712-716.

23. Dai C, Wang F, Wang X, Wang R, Wang S, Tang S.
Arthroscopic single-bundle anterior cruciate ligament
reconstruction with six-strand hamstring tendon allograft
versus bone-patellar tendon-bone allograft. Knee Surg
Sports Traumatol Arthrosc 2016;24:2915-2922.

24. Kang HJ, Wang XJ, Wu CJ, Cao JH, Yu DH, Zheng ZM.
Single-bundle modified patellar tendon versus double-
bundle tibialis anterior allograft ACL reconstruction: A
prospective randomized study. Knee Surg Sports Traumatol
Arthrosc 2015;23:2244-2249.

25. Kim SJ, Bae JH, Lim HC. Comparison of Achilles and
tibialis anterior tendon allografts after anterior cruciate
ligament reconstruction. Knee Surg Sports Traumatol
Arthrosc 2014;22:135-141.

26. Niu Y, Niu C, Wang X, et al. Improved ACL reconstruction
outcome using double-layer BPTB allograft compared to
that using four-strand hamstring tendon allograft. Knee
2016;23:1093-1097.

27. O’BrienDF,KraeutlerMJ,KoyonosL,FlatoRR,CiccottiMG,
Cohen SB. Allograft anterior cruciate ligament reconstruc-
tion in patients younger than 30 years: A matched-pair
comparison of bone-patellar tendon-bone and tibialis ante-
rior. Am J Orthop (Belle Mead NJ) 2014;43:132-136.

28. Rose MB, Domes C, Farooqi M, Crawford DC.
A prospective randomized comparison of two distinct
allogenic tissue constructs for anterior cruciate ligament
reconstruction. Knee 2016;23:1112-1120.

29. Wang F, Kang HJ, Chen BC, Zhang YZ, Su YL. Primary
ACL reconstruction: Comparison of Achilles tendon allo-
graft with tibial anatomical fixation and patellar tendon
allograft with external aperture fixation. Eur J Orthop Surg
Traumatol 2011;21:333-339.

30. Hulet C, Sonnery-Cottet B, Stevenson C, et al. The use of
allograft tendons in primary ACL reconstruction. Knee
Surg Sports Traumatol Arthrosc 2019;27:1754-1770.

31. McGuire DA, Hendricks SD. Allograft tissue in ACL
reconstruction. Sports Med Arthrosc Rev 2009;17:224-233.

32. Wasserstein D, Sheth U, Cabrera A, Spindler KP.
A systematic review of failed anterior cruciate ligament
reconstruction with autograft compared with allograft in
young patients. Sports Health 2015;7:207-216.

33. Foster TE, Wolfe BL, Ryan S, Silvestri L, Krall Kaye E.
Does the graft source really matter in the outcome of
patients undergoing anterior cruciate ligament recon-
struction?: An evaluation of autograft versus allograft
reconstruction results: A systematic review. Am J Sports
Med 2010;38:189-199.

34. Sylvia SM, Toppo AJ, Perrone GS, et al. Revision soft-
tissue allograft anterior cruciate ligament reconstruction
is associated with lower patient-reported outcomes
compared with primary anterior cruciate ligament
reconstruction in patients aged 40 and older. Arthroscopy
2023;39:82-87.

35. Sun K, Tian S, Zhang J, Xia C, Zhang C, Yu T. Anterior
cruciate ligament reconstruction with BPTB autograft,
irradiated versus non-irradiated allograft: A prospective
randomized clinical study. Knee Surg Sports Traumatol
Arthrosc 2009;17:464-474.

36. Chang SKY, Egami DK, Shaieb MD, Kan DM,
Richardson AB. Anterior cruciate ligament reconstruc-
tion: Allograft versus autograft. Arthroscopy 2003;19:
453-462.

37. Ghodadra NS, Mall NA, Grumet R, et al. Interval
arthrometric comparison of anterior cruciate ligament
reconstruction using boneepatellar tendonebone auto-
graft versus allograft: Do grafts attenuate within the first
year postoperatively? Am J Sports Med 2012;40:
1347-1354.

38. Cruz AI, Beck JJ, Ellington MD, et al. Failure rates of
autograft and allograft ACL reconstruction in patients 19
years of age and younger: A systematic review and meta-
analysis. JB JS Open Access 2020;5:e20.00106.

http://refhub.elsevier.com/S2666-061X(24)00178-0/sref17
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref17
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref17
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref17
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref18
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref18
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref18
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref18
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref19
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref19
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref19
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref20
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref20
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref20
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref20
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref21
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref21
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref21
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref22
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref22
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref22
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref22
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref23
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref23
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref23
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref23
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref23
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref24
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref24
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref24
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref24
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref24
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref25
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref25
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref25
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref25
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref26
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref26
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref26
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref26
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref27
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref27
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref27
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref27
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref27
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref28
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref28
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref28
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref28
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref29
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref29
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref29
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref29
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref29
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref30
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref30
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref30
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref31
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref31
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref32
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref32
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref32
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref32
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref33
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref33
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref33
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref33
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref33
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref33
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref34
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref34
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref34
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref34
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref34
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref34
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref35
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref35
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref35
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref35
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref35
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref36
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref36
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref36
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref36
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref37
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref38
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref38
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref38
http://refhub.elsevier.com/S2666-061X(24)00178-0/sref38

	Patients Have Similar Clinical Outcomes and Failure Rates After Anterior Cruciate Ligament Reconstruction With Tibialis Ant ...
	Methods
	Literature Search
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Search Results
	Study Characteristics
	Demographic Characteristics
	Surgical Techniques
	Patient-Reported Outcome Measures
	IKDC Score
	Lysholm Score
	Tegner Score

	Functional Outcomes
	Complications and Reoperations


	Discussion
	Limitations

	Conclusions
	Disclosures
	References


