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Autograft Versus Allograft for Posterior
Cruciate Ligament Reconstruction
An Updated Systematic Review and Meta-analysis
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Background: Multiple studies have demonstrated a higher risk of graft failure after anterior cruciate ligament reconstruction with
allograft, but limited data are available comparing outcomes of posterior cruciate ligament reconstruction (PCLR) with autograft
versus allograft.
Purpose: To compare the clinical outcomes of autograft versus allograft for primary PCLR.
Study Design: Systematic review.
Methods: A systematic review was performed by searching PubMed, the Cochrane Library, and EMBASE to locate studies (level
of evidence I-III) comparing clinical outcomes of autograft versus allograft in patients undergoing primary PCLR with the conventional transtibial technique. Search terms used were ‘‘posterior cruciate ligament,’’ ‘‘autograft,’’ and ‘‘allograft.’’ Patients were
evaluated based on graft failure rate, examination of knee laxity, and patient-reported outcome scores (Lysholm, Tegner, subjective International Knee Documentation Committee [IKDC], and objective IKDC scores).
Results: Five studies (2 level II, 3 level III) were identified that met inclusion criteria, including a total of 132 patients undergoing
PCLR with autograft (semitendinosus-gracilis or bone–patellar tendon–bone) and 110 patients with allograft (tibialis anterior,
Achilles tendon, or bone–patellar tendon–bone). No patients experienced graft failure. Average anteroposterior (AP) knee laxity
was significantly higher in allograft patients (3.8 mm) compared with autograft patients (3.1 mm) (P \ .01). Subjective IKDC, Lysholm, and Tegner scores improved for both groups across studies, without a significant difference in improvement between
groups except in one study, in which Lysholm scores improved to a significantly greater extent in the autograft group (P \ .01).
Conclusion: Patients undergoing primary PCLR with either autograft or allograft can be expected to experience improvement in
clinical outcomes. Autograft patients experienced less AP knee laxity postoperatively, although the clinical significance of this is
unclear and subjective outcomes improved substantially and to a similar degree in both groups.
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another common mechanism of PCL injury.9 Injury to
the PCL occurs in about 3% of all knee injuries4 and occurs
most commonly in association with a combined disruption
of the anterior cruciate ligament (ACL), posterolateral corner, and periarticular fractures of the knee.21
Several studies have compared the clinical outcomes of
ACL reconstruction (ACLR) with autograft versus allograft, and while many of these studies10,14,20 have demonstrated improved clinical outcomes in patients with
autograft, other studies15,23,28 have found no significant
differences in outcomes between autograft and nonirradiated allograft. However, much less is known regarding
autograft versus allograft for PCL reconstruction (PCLR).
A systematic review from 20136 found that the data on
autograft versus allograft use for PCLR are scarce, but
given the limited data, no significant differences in clinical
outcomes could be established. Several studies16,17,24 have
been published since that review comparing autograft

The posterior cruciate ligament (PCL) originates on the
medial femoral condyle and inserts on the posterior intercondylar area of the tibia. The PCL acts to resist posterior
tibial translation and is most commonly injured during
motor vehicle accidents in which a posterior force is
directed against the tibia.12,26 A fall on a flexed knee is
y
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TABLE 1
Studies Includeda
Study

Level of Evidence

No. of Patients (Autograft/Allograft)

Autograft Type

Allograft Type

Li et al (2016)17

II

S/G

Tibialis anterior

Li et al (2015)16

III

S/G

Tibialis anterior

Sun et al (2015)24

III

S/G

NR

Ahn et al (2005)1

III

S/G

Achilles

Kim et al (2000)13

II

53
(26/27)
37
(18/19)
71
(36/35)
36
(18/18)
45
(34/11)

BPTB

BPTB

a

BPTB, bone–patellar tendon–bone; NR, not reported; S/G, semitendinosus-gracilis.

versus allograft use for PCLR. The purpose of this study is
to provide an updated systematic review of the literature
comparing the clinical outcomes of PCLR with autograft
versus allograft. The authors hypothesized that there
would be no significant differences in clinical outcomes
between the two groups.

laxity was calculated for each study and as an overall total
to compare autograft versus allograft (https://graphpad
.com/quickcalcs/ErrorProp1.cfm). A subanalysis was performed to compare outcomes of tibialis anterior versus
Achilles tendon allografts by use of the same methods.

RESULTS
METHODS
A systematic review of multiple databases was performed.
Two independent reviewers searched PubMed, EMBASE,
and the Cochrane Library up to December 1, 2016. The following search phrase was used: ‘‘posterior cruciate ligament’’ AND autograft AND allograft. A total of 111
studies were reviewed by title and/or abstract to determine
study relevance based on inclusion and exclusion criteria.
Inclusion criteria included studies that directly compared
the clinical outcomes of autograft and allograft for PCLR
(level of evidence I-III) with the conventional transtibial
technique. Patients undergoing PCLR via the inlay technique were excluded. In addition, studies were excluded
if they were nonclinical studies, noncomparative studies,
studies focused on other ligament reconstruction, and
studies unrelated to the knee. Any discrepancies were
resolved by a third reviewer.

Five studies met inclusion and exclusion criteria (Figure 1);
the studies included 132 patients undergoing PCLR with
autograft and 110 with allograft. The mean patient age at
the time of surgery was 31.6 years for autograft patients
(range, 16-58 years) and 31.9 years for allograft patients
(range, 17-60 years). The mean interval between time of
injury and time of operation was 6.9 months for autograft
patients (range, 3 weeks to 12 months) and 6.6 months for
allograft patients (range, 3 weeks to 12 months). The mean
follow-up time was 3.5 years for autograft patients (range,
2-6 years) and 3.4 years for allograft patients (range, 2-6
years). The most commonly used autograft was hamstring
(semitendinosus-gracilis), while the most commonly used
allograft was tibialis anterior (Table 1). One study13 included
a group of 10 patients undergoing the inlay technique for
PCLR, and these patients were excluded from this review.

Graft Selection
Statistical Analysis
A weighted average was calculated for numerical demographics (age and the interval from injury to operation).
A meta-analysis of patient-reported outcome scores was
not possible as some studies did not report standard deviations and the authors of these studies could not be reached
for this information. A chi-square test was used to compare
objective International Knee Documentation Committee
(IKDC)5 results of autograft versus allograft patients. For
anteroposterior (AP) laxity measurements, a weighted
average and composite standard deviation were calculated
for each group, as previously described.14 Data were then
analyzed by use of a 2-sample independent t test, based
on unequal variance (www.openepi.com). In addition, a difference in the means with 95% confidence intervals for AP

Li et al17 randomized patients to autograft or allograft.
Two studies16,24 selected graft type based on patient preference. Kim et al13 performed PCLR with a bone–patellar
tendon–bone (BPTB) autograft except in cases of patellofemoral joint disease, patellofemoral maltracking, narrow
width of the patellar tendon (\30 mm wide), or poor skin
condition. In these cases, a BPTB allograft was used.
Ahn et al1 did not describe how patients were allocated
to autograft or allograft.

Clinical Comparisons
Li et al17 found no significant differences between autograft and allograft groups with regard to age, sex distribution, body mass index (BMI), duration from injury to
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Records idenﬁed through
database searching
(n = 111)
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Study

Screening
Eligibility

Records screened
(n = 91)

Full-text arcles assessed
for eligibility
(n = 14)

Studies included in
qualitave synthesis
(n = 5)

Included

TABLE 2
AP Laxitya

Addional records idenﬁed
through other sources
(n = 0)

Records aer duplicates removed
(n = 91)

Studies included in
quantave synthesis
(meta-analysis)
(n = 4)

17

Records excluded
(n = 77)

Full-text arcles excluded,
with reasons
(n = 9)
• Non-clinical studies
• Non-comparave
studies
• Inlay technique
• Studies on other
ligament reconstrucon
(e.g., ACL)
• Studies unrelated to the
knee

Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram. ACL, anterior
cruciate ligament.
surgery, type of injury, and follow-up duration. Li et al16
found no significant differences between groups with regard
to age at surgery, BMI, or duration from injury to surgery.
Sun et al24 found no differences between groups with regard
to sex, age, duration of injury (acute vs chronic), or the proportion of patients with an intraoperative finding of a meniscal injury, cartilage lesion, or medial collateral ligament
(MCL) injury. Ahn et al1 found no differences between
groups with regard to age, sex, activity level, or duration
from injury to surgery. Kim et al13 did not compare demographics between autograft and allograft patients.

Attrition Rates
Li et al17 randomized a total of 90 patients to autograft,
hybrid graft, or gamma-irradiated allograft, with 30 patients
in each group. At final follow-up, 26 autograft patients (26/
30, 87%) and 27 allograft patients (27/30, 90%) were evaluated. Sun et al24 evaluated 100% of included patients at final
follow-up. Ahn et al1 fully evaluated 36 of 41 eligible patients
(88%) in their retrospective cohort study. The remaining 5
patients had moved since surgery, but all were reached by
telephone and subjectively graded their knee as ‘‘normal’’ or
‘‘nearly normal.’’ Two studies13,16 did not specify the followup rates of all included patients.

Surgical Technique
All 5 studies1,13,16,17,24 performed PCLR in similar fashions.
PCLR was performed arthroscopically in all cases, with
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Li et al (2016)
Li et al (2015)16
Sun et al (2015)24
Ahn et al (2005)1
Kim et al (2000)13
Total

Autograft AP
Laxity, mm

Allograft AP
Laxity, mm

P Value

2.1 6 1.0
4.1 6 1.7
3.8 6 1.5
2.2 6 1.8
NR
3.1 6 1.5

3.5 6 1.1
3.3 6 1.8
4.8 6 1.7
2.9 6 1.9
NR
3.8 6 1.6

\.001
ns
.03
.14
ns
\.01

a
Laxity is reported as mean 6 standard deviation, with the
‘‘Total’’ row reported as a weighted mean 6 composite standard
deviation. AP, anteroposterior; NR, not reported; ns, nonsignificant.

femoral tunnel drilling done through the anteromedial portal by use of either an inside-out or an outside-in technique.
Femoral fixation was performed with either an absorbable
screw or an EndoButton in all studies. One study17 included
patients undergoing concomitant meniscal repair or partial
meniscectomy. No patients in any of the included studies
underwent concomitant ACL or collateral ligament reconstruction. All 242 patients were treated with the conventional transtibial technique. Autograft and allograft
sources varied between studies (Table 1). In 2 studies,16,17
all allografts were treated with washing, radiation sterilization, and deep-freezing techniques to decrease immunogenicity and increase histocompatibility. Three studies16,17,24
described sterilizing the allogenic tendon with gamma irradiation at a dose of 2.5 Mrad.

Treatment Failures
Three studies1,16,17 reported graft failures, of which there
were none in either autograft or allograft groups.

AP Laxity
All 5 studies described using either a KT-1000 or KT-2000
arthrometer to measure posterior laxity of the affected
knee. The side-to-side difference in posterior laxity was
measured with the affected knee positioned in 90° of flexion. The weighted average side-to-side difference in AP laxity among all studies was significantly greater in allograft
patients (3.8 mm vs 3.1 mm) (Table 2, Figure 2). Two individual studies17,24 found significantly greater laxity in allograft patients.
Among the 2 studies16,17 that used a tibialis anterior
allograft, the weighted average side-to-side difference in
AP laxity was 3.4 6 1.4 mm, which was not significantly
different from that reported for Achilles tendon allografts
by Ahn et al1 (P = .31).

Objective IKDC
Two studies1,16 reported results of the objective
score. Among these 2 studies, no difference was
between groups (P = .67) (Table 3). In addition, no
ence was found in the proportion of objective IKDC

IKDC
found
differscores
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TABLE 3
Objective IKDC Scoresa
Normal
Study
16

Li et al (2015)
Ahn et al (2005)1
Total

Nearly Normal

Abnormal

Severely Abnormal

Auto

Allo

Auto

Allo

Auto

Allo

Auto

Allo

5
7
12

6
2
8

9
9
18

8
12
20

3
2
5

4
3
7

1
0
1

1
1
2

a

No significant difference was found in total distribution of scores between autograft (Auto) and allograft (Allo) groups. IKDC, International Knee Documentation Committee.

TABLE 4
Patient-Reported Outcomesa
Subjective IKDC

Lysholm

Tegner

Study

Autograft

Allograft

Autograft

Allograft

Autograft

Allograft

Li et al (2016)17

17.0
(66.5-83.5)
NR

14.3
(65.9-80.2)
NR

Ahn et al (2005)1

22.3
(57.7-80.0)
NR

NR

4.0
(2.0-6.0)
3.6
(2.6-6.2)
3.4
(3.7-7.1)
NR

Kim et al (2000)13
Total

NR
20.0

NR
18.8

21.1
(64.1-85.2)
21.1
(64.1-85.2)
27.7
(56.3-84.0)
17.2b
(68.6-85.8)
NR
22.7

4.0
(2.0-6.0)
4.1 (2.7-6.8)

22.1
(58.9-81.0)
NR

20.0
(64.0-84.0)
24.0
(63.8-87.8)
24.5
(57.5-82.0)
21.9b
(68.2-90.1)
NR
22.7

NR
3.9

NR
3.7

Li et al (2015)16
Sun et al (2015)24

3.8 (3.9-7.7)

a

Scores are reported as a mean score of improvement from preoperative to postoperative assessments (mean preoperative score to mean
postoperative score), with the ‘‘Total’’ row reported as a weighted mean improvement score. IKDC, International Knee Documentation Committee; NR, not reported.
b
P \ .01.

between the allograft types (tibialis anterior and Achilles
tendon) used in these studies (P = .40).

Patient-Reported Outcomes
Two studies17,24 used the Lysholm,18 Tegner,25 and subjective IKDC7 scores, while one study16 used the Lysholm and
Tegner scores. Ahn et al1 used the Lysholm score. One
study13 used both Lysholm and Tegner scores but compared scores between patients undergoing the conventional 1-incision technique versus the 2-incision inlay
technique rather than between autograft versus allograft
groups. Patient-reported outcomes (PROs) are shown in
Table 4. Only one study1 reported a significant difference
in outcome scores between the 2 groups, in which autograft
patients had significantly greater improvement in Lysholm
scores than allograft patients.

DISCUSSION
The results of this systematic review suggest that patients
undergoing primary PCLR experience less postoperative
AP knee laxity with an autograft versus an allograft. However, the clinical significance of this is unclear. Other than
one study1 that reported a significantly greater improvement

Figure 2. Forest plot representing the difference in the
means of anteroposterior (AP) laxity measurements between
autograft and allograft patients. Bars represent 95% confidence intervals.
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in Lysholm score in autograft patients, no significant differences were found between groups in any study with regard
to PROs or objective IKDC scores.
Several studies have compared outcomes of autograft
versus allograft for primary ACLR, with some studies demonstrating better outcomes with autograft, especially in
young, active patients.10,14,20 These superior outcomes
include lower rates of graft rupture, lower levels of AP
knee laxity, and higher PROs (Lysholm, Tegner, subjective
IKDC). In addition, autografts have the benefit of earlier
incorporation and no rejection or disease transmission.8
However, the inferior results of allografts may be due to
gamma irradiation, as other studies15,23,28 have demonstrated no significant differences in clinical outcomes after
ACLR with autograft versus nonirradiated allograft.
Although the authors did find some improved outcomes
after PCLR with autograft, the results of this systematic
review are not as convincing as the results that have been
demonstrated after ACLR. It was found that AP knee laxity
was significantly higher (P \ .01) in patients with an allograft, although no significant differences were found in
PROs except in one study1 in which autograft patients
had a significantly greater improvement in Lysholm score
than allograft patients. The authors believe this may be
due to a few potential reasons, one of which is that the
PCL is not ruptured nearly as often as other ligaments in
the knee such as the ACL. In addition, when the PCL is ruptured and surgical reconstruction is performed, revisions
are extremely rare. Wang et al27 found there were 701
PCLRs in the United States per year from 2007 to 2011,
in comparison with 120,000 ACL injuries annually in the
United States.11 Additionally, the revision rate after
ACLR is much higher (between 5% and 15%)2 than after
PCLR (0% in this review). Because revision PCLR is so
rare, the graft type used for this procedure may not play
as significant a role in determining patient outcomes as it
does with ACLR. Even though KT-1000 arthrometer results
showed significantly less AP stability with allograft, this is
an objective test and does not take into account subjective
instability that patients experience during walking or other
activities. Therefore, the clinical significance of these findings is unknown. However, one potential cause of greater
AP laxity in allograft patients may be the lack of graft incorporation.19 One risk of allografts is decreased biological
incorporation of the graft, which can result in greater AP
laxity in the affected knee as the graft is less firmly fixed
in the bone tunnel. During ACLR, immunological reactions
between allograft and bone tunnels may occur, thereby
causing tunnel widening and graft laxity.3,22 It is possible
that this process occurs similarly after PCLR with allograft.
The strengths of this study include a comprehensive systematic review performed by 2 independent reviewers. This
is also the first systematic review since 2013 on autograft
versus allograft for PCLR, with 3 additional comparative
studies and 151 additional patients from comparative studies since the last systematic review on the same topic. The
limitations of this study should also be noted. In particular,
only 5 studies were included in this systematic review, none
of which were Level I evidence. In addition, the studies
included used a variety of autograft and allograft types.
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Finally, some of these studies did not provide standard deviations for various PROs, thereby prohibiting the authors
from performing a meta-analysis on these outcomes.

CONCLUSION
Patients undergoing primary PCLR with either autograft or
allograft can be expected to experience improvement in clinical outcomes. Autograft patients experienced less AP knee
laxity postoperatively, although the clinical significance of
this is unclear and subjective outcomes improved substantially and to a similar degree in both groups.
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