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Autograft and Nonirradiated Allograft for Anterior
Cruciate Ligament Reconstruction Demonstrate

Similar Clinical Outcomes and Graft Failure Rates: An
Updated Systematic Review
Jaydeep Dhillon, B.S., Matthew J. Kraeutler, M.D., John W. Belk, B.A.,
Eric C. McCarty, M.D., Patrick C. McCulloch, M.D., and Anthony J. Scillia, M.D.
Purpose: To perform an updated systematic review comparing the clinical outcomes of autograft versus nonirradiated
allograft for anterior cruciate ligament reconstruction (ACLR).Methods: A systematic review was conducted according to
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines by searching PubMed, the
Cochrane Library, and Embase to identify comparative studies directly comparing outcomes of primary ACLR with
autograft versus nonirradiated allograft with a minimum 2-year follow-up. The search terms used were: “anterior cruciate
ligament” AND autograft AND allograft AND (irradiation OR non-irradiated). Patients were evaluated based on graft
failure rates, the Objective International Knee Documentation Committee (IKDC) score, anteroposterior laxity, and
patient-reported outcomes (Subjective IKDC score, the visual analog scale [VAS], the Cincinnati Knee Rating System,
Lysholm, and Tegner scores). Risk of bias was assessed using the ROBINS-I and Cochrane Collaboration’s risk of bias tool
for non-randomized and randomized studies, respectively. Results: Sixteen studies (3 Level I, 7 Level II, 6 Level III) met
inclusion criteria, including a total of 15,502 patients undergoing ACLR with autograft and 1,577 with nonirradiated
allograft. The average follow-up ranged from 24.0 to 132.0 months. Graft failure ranged from 0% to 9.4% of patients in
the autograft group and 0% to 26.5% in the allograft group. Two studies showed greater failure rates among younger
patients in the allograft group. There were no significant differences between the Objective IKDC score, anteroposterior
laxity, or patient-reported outcomes between the groups within any of the included studies (P > .05).
Conclusions: Autograft and nonirradiated allograft for primary ACLR demonstrate similar patient-reported outcomes
and graft failure rates. Level of Evidence: III, systematic review of level I-III studies.
nterior cruciate ligament reconstruction (ACLR)
Aremains one of the most common procedures
performed among orthopaedic sports medicine spe-
cialists.1,2 When performing ACLR, graft choice is an
important factor to consider and may depend on patient
age, sports participation, and patient/surgeon prefer-
ence.3-5 There are several autograft and allograft
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options for ACLR, with multiple studies demonstrating
increased graft rupture rates with allograft compared
with autograft, particularly in younger patients.6-9

One of the factors thought to be involved in the
greater failure rate of allografts is the graft-processing
method, namely the use of radiation sterilization due
to its detrimental biomechanical effects on allograft
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tissue.10,11 While studies have repeatedly demonstrated
inferior outcomes with irradiated allografts compared
with autografts,12-15 these findings have not been
consistently found in studies limited to nonirradiated
allografts.16-18 Advantages of allograft use include
smaller incisions, reduced postoperative pain/less
donor-site morbidity, larger graft availability, earlier
postoperative knee range of motion, and decreased
surgical time.19 Disadvantages include risk of immu-
nogenic reaction, bacterial infection, and disease
transmission from the graft donor. Another cited
disadvantage of allograft use is increased laxity over
time, which can result in knee joint instability and
failure to return to previous level of activities despite an
“intact” graft.19 The purpose of this study was to
perform an updated systematic review comparing the
clinical outcomes of autograft versus nonirradiated
allograft for ACLR. The authors hypothesized that no
significant differences would be found between groups
in terms of graft rupture rates or patient-reported out-
comes (PROs).

Methods
This systematic review was conducted according to

the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines using a
PRISMA checklist. Two independent reviewers (J.D.,
J.W.B.) searched PubMed, Embase, and the Cochrane
Library up to August 8, 2021. The electronic search
strategy used was as follows: "anterior cruciate liga-
ment" AND autograft AND allograft AND (irradiation
OR non-irradiated). A total of 113 studies were
reviewed by title and/or abstract to determine study
eligibility based on inclusion criteria. In cases of
disagreement, a third reviewer (M.J.K.) made the final
decision. The inclusion criteria were nonoverlapping
human studies directly comparing autograft versus
nonirradiated allograft with a minimum 2-year follow-
up. Exclusion criteria included noncomparative studies,
studies unrelated to the knee, and studies that did not
distinguish outcomes between irradiated and nonirra-
diated allograft. Data extraction from each study was
performed independently and then reviewed by a sec-
ond author (M.J.K.). There was no need for funding or
a third party to obtain any of the collected data. Risk of
bias for 7 randomized studies9,20-25 was assessed ac-
cording to the Cochrane Collaboration’s risk of bias
tool,26 which incorporates an assessment of randomi-
zation, blinding, completeness of outcomes data, se-
lection of outcomes reported, and other sources of bias.
Risk of bias for the 9 remaining nonrandomized
studies12,27-34 was assessed according to the ROBINS-I
(i.e., (Risk Of Bias In Non-randomized Studies - of In-
terventions)) risk of bias tool,35 which incorporates an
assessment of bias due to confounding, selection of
participants, deviations from intended interventions,
completeness of outcomes data, selection of outcomes
reported, and other sources of bias. A score of <0.20
indicates poor agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.80, good
agreement; and 0.81-1.00, very good agreement.36

Reporting Outcomes
Outcomes assessed included graft failure, PROs,

anteroposterior (AP) laxity, and the Objective Interna-
tional Knee Documentation Committee (IKDC) score.37

PROs included the Subjective IKDC score,38 Lysholm
score,39 Tegner activity score,40 VAS for pain, and the
Cincinnati Knee Rating System.41 An attempt was
made to perform a subanalysis of outcomes in younger
patients, but this was not possible, as only one study32

reported outcomes based on age.

Study Methodology Assessment
The Modified Coleman Methodology Score

(MCMS)42 was used to evaluate study methodology
quality. The MCMS has a scaled potential score ranging
from 0 to 100. Scores ranging from 85 to 100 are
excellent, 70 to 84 are good, 55 to 69 are fair, and less
than 55 are poor. The primary outcomes assessed by the
MCMS are study size and type, follow-up time, attrition
rates, number of interventions per group, and proper
description of study methodology.

Results
Sixteen studies met inclusion and exclusion criteria

(Fig 1). A total of 17,079 patients were included in this
systematic review, including 15,502 patients undergo-
ing ACLR with an autograft and 1,577 with a nonirra-
diated allograft. Patient age ranged from 13.0 to 64.0
years and the mean follow-up time ranged from 24 to
132 months (Table 1). The percentage of male patients
ranged from 49.4% to 90.9%. Twelve
studies20-25,27-31,34 did not report the use of any irra-
diated allografts. In addition to the nonirradiated allo-
grafts analyzed in this review, irradiated allografts were
used in the remaining 4 studies in 32 patients,9 68 pa-
tients,12 874 patients,32 and 3,022 patients.33

Surgical Technique
Table 2 shows the types of autograft/allografts used

for ACLR in the 16 included studies. Nine
studies12,20,21,25,27-30,34 used a transtibial approach for
femoral tunnel drilling. Two studies23,24 used an ante-
romedial portal approach. Five studies9,23,31-33 did not
report their method of femoral tunnel drilling (Table 2).
Seven studies12,20,24,27,29-31 used bioabsorbable

interference screws for graft fixation. Two studies21,34

used a metal interference screw for graft fixation.
One study9 used either a metal or bioabsorbable
interference screw. Four studies22,23,25,28 used a
cortical button (ENDOBUTTON; Smith & Nephew,
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Fig 1. Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses (PRISMA) flow
diagram.
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Andover, MA) to fix the graft on the femoral side and a
bioabsorbable interference screw on the tibial side.
Two studies32,33 did not detail their method of graft
Table 1. Studies Included

Study Level of Evidence n (Auto, Allo) Patient A

Bottoni et al., 201520 I 48, 49 28
Noh et al., 201122 I 33, 32 23
Yoo et al., 201725 I 68, 64 30
Edgar et al., 200829 II 37, 46 27
Lawhorn et al., 201221 II 74, 73 32
Maletis et al., 201732 II 4,557; 155
Maletis et al., 201733 II 10,264; 729
Sun et al., 20099 II 33, 34 29
Sun et al., 201123 II 91, 95 29
Tian et al., 201624 II 62, 59 30
Barber et al., 201427 III 53, 28 18
Barrett et al., 200528 III 25, 38 44
Guo et al., 201212 III 41, 33 25
Kane et al., 201630 III 60, 59 19
Kustos et al., 200431 III 26, 53 24
Peterson et al., 200134 III 30, 30 25

NOTE. n refers to the number of knees that underwent ACL reconstructio
age and follow-up are reported as mean (range).
ACL, anterior cruciate ligament; Allo, nonirradiated allograft; Auto, aut
fixation. In 6 of the nonrandomized
studies,12,27,29,30,31,34 the graft type was chosen based
on patient choice (Table 2).
ge (Auto, Allo), y (Range) Follow-up, mo (Range) Sex, % Male

.9, 29.2 (20.6-42.5) 126 (120-132) 86.6

.0, 22.0 (20-55) 29.8 (NR) 86.2

.0, 24.0 (13-62) 33.6 (25.3-59.5) 90.9

.0, 31.0 (15-55) 49.8 (36.0-74.0) 55.4

.0, 33.3 (16-53) NR 68.0
NR NR NR
NR NR NR

.7, 31.8 (19-64) 30.8 (NR) 68.7

.6, 31.2 (18-59) 94.8 (72-120) 80.1

.5, 29.9 (15-56) 55.2 (48-66) 79.3

.6, 20.1 (13-25) 34.0 (24-132) 49.4

.5, 47.1 (40-58) NR 55.6

.0, 25.3 (16-40) 80.4 (50.4-98.4) 63.5

.8, 20.6 (NR) NR NR

.5, 25.6 (NR) 38.0 (NR) 75.9

.0, 28.0 (15-55) 63.6 (55-78) 55.0

n with either autograft or nonirradiated allograft in each study. Patient

ograft; NR, not reported.



Table 2. Surgical Details

Study Autograft/Allograft
Method of Femoral
Tunnel Drilling Method of Graft Fixation Indication for Graft Type

Bottoni et al., 201520 Hamstring/tibialis posterior TT Bioabsorbable interference screw Randomized
Noh et al., 201122 Hamstring/Achilles TT Cortical button/bioabsorbable

interference screw
Randomized

Yoo et al., 201725 Hamstring/tibialis anterior or
posterior

TT Cortical button/bioabsorbable
interference screw

Randomized

Edgar et al., 200829 Hamstring/hamstring TT Bioabsorbable interference screw Randomized/patient choice
Lawhorn et al., 201221 Hamstring/tibialis anterior TT Metal interference screw Randomized
Maletis et al., 201732 BPTB/BPTB NR NR NR
Maletis et al., 201733 BPTB or hamstring/soft tissue NR NR NR
Sun et al., 20099 BPTB/BPTB NR Metal/bioabsorbable interference

screw
Randomized

Sun et al., 201123 Hamstring/hamstring AM portal Cortical button/bioabsorbable
interference screw

Randomized

Tian et al., 201624 Hamstring/hamstring AM portal Bioabsorbable interference screw Randomized
Barber et al., 201427 BPTB/BPTB TT Bioabsorbable interference screw Patient choice
Barrett et al., 200528 BPTB/BPTB TT Cortical button/bioabsorbable

interference screw
NR

Guo et al., 201212 BPTB/BPTB TT Bioabsorbable interference screw Patient choice
Kane et al., 201630 BPTB/BPTB TT Bioabsorbable interference screw Patient choice
Kustos et al., 200431 BPTB/BPTB NR Bioabsorbable interference screw Patient choice
Peterson et al., 200134 BPTB/BPTB NR Metal interference screw Patient choice

AM, anteromedial; BPTB, boneepatellar tendonebone; NR, not reported; TT, transtibial.
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Graft Failure
Two studies29,31 defined graft failure as graft rupture,

whereas 12 studies9,12,20,21,24,25,27,28,30,32-34 defined
graft failure as the need for a revision ACL recon-
struction. Overall, graft failure ranged from 0.0% to
9.4% in the autograft group and 0.0% to 26.5% in the
allograft group (Table 3). In one study,32 among pa-
tients 21 years old and younger, the graft failure rate
was 2.9% in the autograft group and 11.4% in the
allograft group. In patients 22 years old and older, the
graft failure rate was 0.9% in the autograft group and
1.7% in the allograft group. Three studies19,30,32 found
a significantly greater graft failure rate in the
Table 3. Graft Failure Rates

Study Auto

Peterson et al., 200134 1/30 (3.3%)
Kustos et al., 200431 1/26 (3.8%)
Barrett et al., 200528 0/25 (0%)
Edgar et al., 200829 3/37 (8.1%)
Sun et al., 20099 2/33 (6.1%)
Guo et al., 201212 0/41 (0%)
Lawhorn et al., 201221 0/74 (0%)
Barber et al., 201427 5/53 (9.4%)
Bottoni et al., 201520 4/48 (8.3%)
Yoo et al., 201725 1/68 (1.5%)
Tian et al., 201624 0/62 (0%)
Kane et al., 201630 1/60 (1.7%)
Maletis et al., 201732 85/4,557 (1.9%)
Maletis et al., 201733 217/10,264 (2.1%)

NOTE. Each cell includes the number of graft failures/total number of A
ACLR, anterior cruciate ligament reconstruction; Allo, nonirradiated all
nonirradiated allograft group at final follow-up, one of
which30 limited inclusion to patients aged 25 years or
younger.

Patient-Reported Outcomes (PROs)
Seven studies8,20,21,23,24,29,30 reported results of the

Subjective IKDC score (Table 4). No study found a
significant difference in comparison of postoperative
scores between the groups.
Twelve studies9,12,22-25,27-31,34 reported results of the

Lysholm score (Table 5). No study found a significant
difference in comparison of postoperative scores be-
tween the groups.
Allo Total

1/30 (3.3%) 2/60 (3.3%)
2/53 (3.8%) 3/79 (3.8%)
1/38 (2.6%) 1/63 (1.6%)
2/46 (4.3%) 5/83 (6.0%)
3/34 (8.8%) 5/67 (7.5%)
0/33 (0%) 0/74 (0%)
0/73 (0%) 0/147 (0%)
2/28 (7.1%) 7/81 (8.6%)

13/49 (26.5%) 17/97 (17.5%)
1/64 (1.6%) 2/132 (1.5%)
0/59 (0%) 0/121 (0%)

12/59 (20.3%) 13/119 (10.9%)
5/155 (3.2%) 90/4,712 (1.9%)

12/729 (1.6%) 229/10,993 (2.1%)

CLRs performed (%) within each group.
ograft; Auto, autograft.



Table 4. Subjective IKDC Score

Study Auto (Preoperative) Auto (Postoperative) Allo (Preoperative) Allo (Postoperative) P Value

Edgar et al., 200829 57.5 � 8.4 87.6 � 10.2 54.9 � 13.1 87.0 � 11.7 .82
Sun et al., 20098 NR 88.0 � 11 NR 89.0 � 9 >.05
Sun et al., 201123 NR 89.0 � 12 NR 90.0 � 14 .548
Lawhorn et al., 201221 NR 91.0 NR 90.9 >.05
Bottoni et al., 201520 NR 77.2 � 25.4 NR 73.7 � 25.9 .51
Tian et al., 201624 NR 90.0 � 11 NR 89.0 � 12 .63
Kane et al., 201630 NR 95.4 NR 95.4 >.05

NOTE. Scores are reported as a mean � SD (when reported) at latest follow-up. Reported P values indicate comparison of postoperative scores
between groups.
Allo, nonirradiated allograft; Auto, autograft; IKDC, International Knee Documentation Committee; NR, not reported; SD, standard deviation.

AUTOGRAFT VS NONIRRADIATED ALLOGRAFT FOR ACLR e1517
Ten studies9,12,20,22-25,28,29,34 reported results of the
Tegner score (Table 6). No study found a significant
difference in comparison of postoperative scores be-
tween the groups.
Three studies9,23,27 reported results for the Cincinnati

Knee Rating System. No study found a significant dif-
ference in comparison of postoperative scores between
the groups.
One study28 reported results of the VAS scale for pain

and found no significant difference between groups
pre- or postoperatively (P > .05).

AP Knee Laxity
Five studies9,12,23,24,29 measured AP knee laxity, with

3 studies9,12,29 measuring mean side-to-side differences
in tibial translation (Table 7). No study found a signif-
icant difference in comparison of postoperative mea-
surements between the groups. Two studies12,29 used
KT-1000 and one study9 used KT-2000.

Objective IKDC
Four studies21,23-25 reported results for the Objective

IKDC score and found no significant difference between
the 2 groups at final follow-up (P ¼ .71, P > .05, P >
.05, and P > .87, respectively).
Table 5. Lysholm Score

Study Auto (Preoperative) Auto (Postoperati

Peterson et al., 200134 NR 88.6
Kustos et al., 200431 NR 89.9 � 8.1
Barrett et al., 200528 55.0 92.0
Edgar et al., 200829 71.3 � 8.6 91.0 � 7.7
Sun et al., 20099 NR 90.0 � 9
Noh et al., 201122 54.0 98.0
Sun et al., 201123 60.0 � 12 89.0 � 9
Guo et al., 201212 52.1 � 6.2 86.6 � 9.5
Barber et al., 201427 44.8 87.0
Yoo et al., 201725 NR 96.0
Tian et al., 201624 58.0 � 10 90.0 � 10
Kane et al., 201630 NR 95.0

NOTE. Scores are reported as a mean � SD (when reported) at latest foll
between groups.
Allo, nonirradiated allograft; Auto, autograft; NR, not reported; SD, stan
Modified Coleman Methodology Score
Table 8 shows the MCMS scores from the 16 included

studies. One study23 received an excellent score,
7 studies9,20,22,24,25,29,34 received good scores, and
8 studies12,21,27,28,30-33 received fair scores.

Methodologic Quality Assessment
The results of the methodologic quality assessment of

the 9 nonrandomized studies using the ROBINS-I risk
of bias tool are presented in Figure 2. All 9
studies12,27-34 showed a moderate risk of bias due to
confounding, as there were no prognostic variables that
predicted baseline intervention and no patients that
switched between interventions during the study
period. No studies excluded eligible patients or used
variable follow-up times based on intervention (low
risk of bias), no studies deviated from the intended
intervention (low risk of bias), and all studies clearly
classified treatment type (low risk of bias). Two
studies29,34 using blinded outcome assessors showed no
systematic differences in the care provided between
treatment groups (low risk of bias), whereas 7
studies12,27,28,30-33 used nonblinded but identical post-
operative protocols (moderate risk of bias). No studies
showed bias due to missing data (low risk of bias). Two
ve) Allo (Preoperative) Allo (Postoperative) P Value

NR 90.0 >.05
NR 84.1 � 18.6 >.05
54.0 91.0 >.05

67.7 � 17 92.7 � 10 .75
NR 91.0 � 8 >.05
56.0 99.0 >.05

59.0 � 10 90.0 � 8 .60
43.3 � 5.7 85.6 � 10.1 .74

60.3 89.9 .43
NR 93.0 >.05

57.0 � 8 89.0 � 11 .6
NR 95.0 >.05

ow-up. Reported P values indicate comparison of postoperative scores

dard deviation.



Table 6. Tegner Score

Study Auto (Preoperative) Auto (Postoperative) Allo (Preoperative) Allo (Postoperative) P Value

Peterson et al., 200134 NR 6.1 NR 5.4 >.05
Barrett et al., 200528 3.9 4.3 4.3 4.1 >.05
Edgar et al., 200829 7.2 � 1.1 6.8 � 1.2 6.8 � 1.3 6.9 � 1.3 .08
Sun et al., 20099 NR 7.7 � 1.3 NR 7.5 � 1.5 >.05
Noh et al., 201122 6.0 6.0 7.0 6.0 >.05
Sun et al., 201123 3.0 � 1.3 7.7 � 1.8 3.1 � 1.5 7.6 � 1.5 .94
Guo et al., 201212 2.1 � 0.7 4.5 � 1.1 2.4 � 0.9 4.1 � 0.8 .42
Bottoni et al., 201520 NR 4.8 � 2.3 NR 4.5 � 2.2 .51
Yoo et al., 201725 NR 5.0 NR 5.0 >.05
Tian et al., 201624 2.8 � 0.7 7.9 � 0.8 2.9 � 0.8 7.8 � 1.0 .54

NOTE. Scores are reported as a mean � SD (when reported) at latest follow-up. Reported P values indicate comparison of postoperative scores
between groups.
Allo, nonirradiated allograft; Auto, autograft; NR, not reported; SD, standard deviation.
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studies29,34 demonstrated low risk of bias in measure-
ment of outcomes through use of blinded outcome as-
sessors, whereas 7 studies12,27,28,30-33 used physicians
not blinded to treatment group (serious risk of bias).
Finally, no studies showed bias due to selective
reporting (low risk of bias). A Cohen’s Kappa score of
0.82 reflected a very good agreement between
reviewers.
The remaining 7 randomized studies9,20-25 were

assessed for methodologic quality using the Cochrane
Collaboration’s risk of bias tool. Sequence generation
and allocation were adequately reported by all
studies9,20-25 (low risk of bias), and 2 studies20,25 were
deemed to be at low risk for detection bias because of
the blinding of the outcome assessor. Six studies9,21-25

did not report blinding of either patients or the
outcome assessor (high risk of bias). One study20

reported blinding outcome assessors, but not patients
(moderate risk of bias). No studies reported significant
loss of follow-up (low risk of bias) and no studies was
deemed to be at risk of bias for selective reporting or
incomplete outcome data (low risk of bias).

Discussion
Based on the findings of this systematic review, there

were no statistically significant differences between use
of autograft and nonirradiated allograft for primary
ACLR with regard to PROs, AP knee laxity, and the
Objective IKDC score at a minimum 2-year follow-up.
Furthermore, PROs and graft failure rates were similar
Table 7. AP Knee Laxity

Study Auto (Preoperative) Auto (Postoperative

Edgar et al., 200829 6.0 � 1.3 1.6 � 1.5
Sun et al., 20099 NR 2.4 � 0.6
Guo et al., 201212 5.9 � 0.7 2.3 � 0.3

NOTE. Measurements are reported as a mean � SD (when reported) s
values indicate comparison of postoperative measurements between grou
Allo, nonirradiated allograft; AP, anteroposterior; Auto, autograft; NR, n
between groups at final follow-up. Unfortunately, most
studies did not report outcomes based on age, and
surgeons are likely weary to further investigate this in
future studies of young, active patients.
Several previous studies have suggested that the

greater failure rates we expect with allografts in gen-
eral do not necessarily occur with nonirradiated allo-
grafts. A meta-analysis published in 201818 with a
total of 1,172 patients found no significant differences
between autograft and nonirradiated allograft groups
for primary ACLR in terms of PROs (Subjective IKDC,
Lysholm, Tegner scores), with similar failure rates
between the 2 groups (autograft: 2.3%, nonirradiated
allograft: 2.8%). Likewise, a systematic review from
201417 with 811 patients found no significant differ-
ences in graft failure rate, postoperative knee laxity, or
PROs between autograft and nonirradiated allograft
tissue for ACLR. Lamblin et al.,16 in a 2013 systematic
review of 1,002 patients, found similar outcomes be-
tween these 2 groups with regard to graft failure,
PROs, and Lachman/pivot shift testing. The current
systematic review builds upon these previous reviews
with additional studies and a larger sample size
included for a more robust and updated set of clinical
findings.
Use of autograft tissue for ACLR is not without

complications. In terms of hamstring tendon harvest-
ing, there is a high rate of damage to the saphenous
nerve, up to 88% in a study by Kjaergaard et al.43 The
primary complication for boneepatellar tendonebone
) Allo (Preoperative) Allo (Postoperative) P Value

5.8 � 1.5 1.4 � 1.3 .33
NR 2.6 � 0.9 >.05

6.3 � 0.8 2.6 � 0.4 .85

ide-to-side difference (in millimeters) at latest follow-up. Reported P
ps.
ot reported; SD, standard deviation.



Table 8. Modified Coleman Methodology Score (MCMS)

Study MCMS

Peterson et al., 200134 76
Kustos et al., 200431 59
Barrett et al., 200528 60
Edgar et al., 200829 77
Sun et al., 20099 79
Noh et al., 201122 79
Sun et al., 201123 88
Guo et al., 201212 69
Lawhorn et al., 201221 66
Barber et al., 201427 60
Bottoni et al., 201520 71
Yoo et al., 201725 73
Tian et al., 201624 80
Kane et al., 201630 63
Maletis et al., 201732 68
Maletis et al., 201733 68
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autograft harvesting is anterior knee pain, which is
reported in up to 46% of cases.44 This is especially
concerning for patients who kneel frequently, such as
those who pray daily or workers such as painters or
carpenters.8 Other complications can include patellar
tendonitis, tendon rupture, or rarely patella frac-
ture.44,45 Another issue with autograft harvesting is
the loss of muscle strength postoperatively. A meta-
analysis found an extension strength deficit in pa-
tients with boneepatellar tendonebone autograft and
flexion strength deficit in patients with hamstring
tendon autograft that persisted at 12 months post-
operatively.46 Thus, the use of allograft tissue would
help eliminate these morbidities as well as reducing
the operation time.47

Nonirradiated allografts are not without disadvan-
tages as well. These grafts demonstrate decreased
osteoinductive and osteoconductive characteristics, as
Fig 2. Risk of bias graph. Risk of
bias is presented as a percentage
across all included studies (green,
low risk; yellow, unclear; red,
high risk).
well as a delayed graft incorporation time in compar-
ison with autografts.48 Another disadvantage is the
risk of disease transmission. Although the risk remains
low, there is still potential for viral transmission due to
human error as well as window periods of infection
where detection is missed through serologic tests.49 It
is critical to properly sterilize tendon allografts before
implantation. A systematic review assessed the
different sterilization and disinfection methods and
identified gamma or electron beam irradiation,
ethylene oxide, supercritical carbon dioxide, and Bio-
Cleanse (RTI Surgical, Alachua, FL) as potential
methods.50 The authors recommended freezing and
gamma or electron beam irradiation at 14.8 to 28.5
kGy as they were effective at maintaining the me-
chanical properties of the graft, while fully sterilizing
the inside and the outside of the tendon. Other ster-
ilization methods (ethylene oxide, supercritical carbon
dioxide, BioCleanse) deteriorated the mechanical
properties and were not recommended.

Limitations
The limitations of this study should be noted. This

systematic review included nonrandomized studies
and therefore the individual study indications for use
of autograft or allograft tissue may have played a role
in the clinical outcomes of these studies. There was
heterogeneity in the type of autograft and allograft
tissue used, the method of graft fixation, the definition
of graft failure between studies, as well as the method
of femoral tunnel drilling across studies. The wide
heterogeneity of surgical techniques and variety of
PROs precluded a meta-analysis. Some studies
included patients undergoing concomitant procedures,
which may have also affected patient outcomes.
Finally, 2 studies32,33 accounted for the majority of the
patients included in this systematic review.
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Conclusions
Autograft and nonirradiated allograft for primary

ACLR demonstrate similar PROs and graft failure rates.
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