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Background: While allografts are commonly used for anterior cruciate ligament reconstruction (ACLR), evidence to guide specific
allograft selection is lacking.

Purpose: To compare clinical and graft failure rates after ACLR using soft tissue-only allografts and bone—soft tissue allografts in
adults.

Study Design: Systematic review and meta-analysis; Level of evidence, 4.

Methods: English-language studies with clinical outcome data on primary and revision ACLR in adults with nonirradiated soft
tissue—only and bone-soft tissue grafts were identified in the search. Data extracted included allograft type, patient characteris-
tics, follow-up time, and failure rates. The cumulative failure rate was defined as International Knee Documentation Committee
grade C/D, graft retear, grade >2 + Lachman, grade >2 + pivot shift, and/or side-to-side KT-1000 laxity of =5 mm. The graft
rupture rate was defined solely by the propartion of patients who had a graft rupture. Meta-analyses using the inverse variance
method were used to estimate the pooled rates with 95% Cls. Subgroup analysis was conducted to compare allograft types and
determine whether age, sex, and follow-up time influenced the estimates.

Results: A total of 14 studies met the inclusion criteria: 7 investigated bone-soft tissue allografts, 6 investigated soft tissue—
only allografts, and 1 investigated both, The comparative study showed a difference in the cumulative failure rate between
bone-patellar tendon-bone and soft tissue—only allografts, The pooled cumulative failure rates for bone-soft tissue and soft
tissue-only allografts were 11% (95% CI, 7-17) and 20% (95% CI, 14-29), respectively (P = .05). The pooled graft rupture
rates for bone-soft tissue and soft tissue-only allografts were 6% (95% ClI, 4-9) and 13% (85% CI, 7-23), respectively
(P = .07).

Conclusion: The meta-analysis results showed that bone-soft tissue allografts have lower cumulative failure rates than soft
tissue-only allografts. Bone-sofi lissue allografts may be the preferred allograft choices for ACLR.
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Anterior cruciate ligament (ACL) reconstruction (ACLR)
has evolved over the past 2 decades, with surgeons utiliz-
ing different graft choices dependent on various factors
such as patient apge, activity level, and previous surgery.
Traditionally, the use of the autograft has been the gold
standard for young, athletic patients because of higher
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allograft reinjury rates.*'%4% However, in older, nonath-
letic patients, the higher risk of allograft reinjury demon-
strated in younger patients diminishes.!?> A study on
allograft ACLR reported an allograft reinjury rate of
3.5% in patients >34 years, similar to reported reinjury
rates in autograft patients.?® With acceptable outcomes
in relatively lower-risk patient populations, allografts are
an appealing graft choice because of decreased donor-site
morbidity and operative time compared with autografts,?
Cormmon allograft graft choices for ACLR include those
with an attached bone block, including bone-patellar ten-
don-bone (BPTB) and Achilles tendon-bone, and those
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composed of soft tissue only, including tibialis anterior or pos-
terior, hamstring tendon (semitendinesus with or without
gracilis), Achilles tendon without bone plug, and all-soft tis-
sue quadriceps tendon. One concern with allograft tissue is
a lack of incorporation into recipient bone.™ It is also possible
that soft tissue allograft may be less likely to incorporate into
recipient bone, and this may affect clinical outcomes after
allograft ACLR. While several allograft options exist for
ACLR, there is no consensus regarding the optimal allograft
options for this procedure. Therefore, this study aimed to spe-
cifically examine outcomes of ACLR performed with bone—
soft tissue allografts and soft tissue—only allografts. We
believe that a systematic review and meta-analysis of these
types of allografts will yield significantly different clinical
outcomes and failure rates between the 2 groups.

METHODS

Literature Search and Study Selection

Two authors (A.T. and M.A.) performed a literature review
using the PubMed, Scopus, and CINAHL databases. The
search terms used can be seen in Appendix A (available
in the online version of this article). The inclusion and
exclusion criteria can be seen in Table 1. The PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram summarizing our literature
search is presented in Figure 1.

Some studies meeting the inclusion criteria performed
a comparative analysis between allografts and autografts;
nonetheless, data on patients undergoing autograft
ACLR were excluded from the present systematic review
and meta-analysis. The level of evidence was determined
as related to our research question.

Quality Assessment

The same 2 authors independently determined the meth-
odologic quality of each study separately using the Delphi
list score.'d The Delphi list used the following 9 questions
to score the quality assessment: (1) Was a method of
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TABLE 1
Inclusion and Exclusion Criteria®

Inclusion
Published prospective or retrospective series describing
outcomes of primary ACLR using allograft
Minimum follow-up of 2 years after primary ACLR
Use of nonirradiated graft
Exclusion
Examined only pediatric populations, all patients <18 years old
Laboratory or animal studies
Use of irradiated graft
Graft type or irradiation not explicitly defined
Reviews of original research
Non—peer reviewed studies

YACLR, anterior cruciate ligament reconstruction.

randomization used? (2) Was the treatment allocation con-
cealed? (3) Were the groups similar at baseline? (4) Was eli-
gibility criteria specified? (5) Was the outcome assessor
blinded? (6) Was the care provider blinded? (7) Was the
patient blinded? (8) Were point estimates and measures
of variability used? (9) Was there an intention-to-treat
analysis? In this assessment, each study was given 1 peoint
for yes, a 1-point deduction for no, and 0 points for “do not
know.” Disagreements were settled by consulting with the
senior author (J.D.L.), a board-certified fellowship-trained
orthopaedic surgeon.

Data Extraction

The 2 authors independently extracted data from the 14
studies used in this systematic review. Disagreements
were settled by consulting with the senior author
(J.D.L.). Study descriptive data included authors, journal,
year published, procedure date range, country of origin,
level of evidence, surgical approach, allograft type, and
fernoral and tibial fixation methods. Patient data included
age, sex, follow-up length, and follow-up percentage. Out-
come data included the graft failure and rupture incidence,
the revision ACLR incidence, the Lachman grade, the
pivot-shift pgrade, the overall International Knee
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Figure 1. Flowchart demonstrating the process for inclusion and exclusion of articles.

Documentation Committee (IKDC) score, the Lysholm
score, and the Tegner score.

Risk of Clinical Failure, Cumulative Failure, and
Rupture

Failure in this study was defined in 2 ways: (1) cumulative
failure rate and (2) graft rupture rate. The eumulative fail-
ure rate was defined as the accumulation of all patients
that met the criteria for clinical failure as defined by Craw-
ford et al.'? This standardized risk is characterized by
grade >2+ Lachman, grade >2+ pivot shift, overall
IKDC grade C or D, graft rupture or tear, and/or instru-
mented laxity with a side-to-side difference >5 mm. The
graft rupture rate isolated the graft rupture/tear compo-
nent of the cumulative failure risk.

Statistical Analysis (Meta-Analysis)

The included studies were categorized by allograft type
used for primary ACLR as follows: (1) bone—soft tissue,

which included any allograft with an affixed bone plug,
and (2) soft tissue only, with no affixed bone plug. To iden-
tify the effect of the “dosage” of bone plugs, additional anal-
yses were performed to identify differences in graft failure
among (1) double bone plug (BPTB), (2) single bone plug
(Achilles tendon), and (3) soft tissue—only (hamstring ten-
don, tibialis anterior, and tibialis posterior) allografts.
The following variables were extracted from each study
when available and included in the analyses: number of
knees, mean age (years), age (standard deviation), number
of men, number of women, mean length of follow-up post-
operatively (months), proportion at follow-up, Lachman
grade at the final follow-up, pivot-shift grade at the final
follow-up, number of cumulative graft failures, number of
graft ruptures, total number of cases for each failure type
(denominators), IKDC score, Lysholm score, and Tegner
score (Appendix B, available online). Using the inverse
variance method, random-effects meta-analysis models
were used to calculate the rates/proportions and statistical
parameters such as 95% CL.” Between study variance was
calculated using the DerSimonian-Laird estimator.'® Sen-
sitivity analyses were conducted on sex, age, and follow-
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TABLE 2
Study Characteristics®
No. of Patients With Mean Age . Follow-up, Mean Delphi
Author (Year) Each Graft Type (Range), y Sex (range), mo % Follow-up Score
Bone—soft tissue allografts
Bach et al® (2005) 60 BPTE Allo (1 bilateral) 41 (18-61) 21 M 51 (26-170) 66 -3
38 F
Barrett et al® (2005) 38 BPTB Allo 47 (40-58) 20 M 36.4 (24-74) 100 -5
18TF
Mei et al?® (2016) 24 dbl BPTB Allo 36.5 (30-42) 17M 36 (NR) 83 2
24 single BPTB Allo 31F
Peterson et al*® (2001) 30 BPTB Allo 28 (15-55) 19 M 63 (55-78) 88 -6
11F
Shah et al** (2010) 144 Achilles Allo w/hone 29.5 (NR) 75 M 40 (24-48) 91 -5
69F
Siebold et al®* (2003) 183 BPTB Allo 39.8 (15-69) 147M 39 (24-74) 89.6 -5
42 Achilles Allo w/bone T8 F
Wang et al*® (2011) 73 Achilles Allo w/bone 30.1 (20-43) 89 M 37 (25-55) 90 1
79 BPTB Allo 63 F
Niu et al® (2016} 50 dbl BPTB Allo 26.5 (21-31) 52 M 40 (36-48) 92 2
51 4 strand HT Allo 49 F
Soft tissue allografts
Bottoni et al® (2015) 49 Tib Post Allo 29.2 (20.7-41.5) 43 M 136 (120-132) 98 0
6F
Edgar et al'* (2008) 47 4-strand HT Allo 31 (15-55) 26 M 48 (36-64) 97.9 )
20 T
Rai et al™ (2018) 107 2 Tib Ant 30.5 (18-54) 75 M 49.77 (30-70) 90 -5
32F
Shybut et al* (2013) 19 Tib Ant Allo 39.9 (19-60) 12 M 32.4 (24-38) 100 3
7F
Singhal et al®® (2007) 69 Tib Ant Allo 31.7 (19-69) 38 M 55 (42-74) 55 -5
31F
Snow et al*” (2010) 64 dbl Tib Ant Allo 27 (16-55) 33 M 44.5 (24-55) 88 -3
31F

A few patient characteristics were based on the initial patient group, not those who just completed the follow-up, Allo, allograft; BPTB,
hone—patellar tendon-bone; dbl, double; F, female; HT, hamstring tendon; M, male; NR, not reported; Tib Ant, tibialis anterior; Tib Post,
tibialis posterior; w/bone, bone plug left attached to Achilles tendon allograft.

up length to identify potential differences in the subgroups
that may influence pooled effects. All statistical analyses
and calculations were performed using the packages meta-
for*! and meta? with the statistical software environment R
(Rstudio Version, 1.2.1335; R Foundation for Statistical Com-
puting). Statistical significance was established at P < .05.

RESULTS
Study Characteristics

Fourteen studies were included. Characteristics for each
study are presented in Table 2. The mean age of the
patients who underwent bone—soft tissue allograft ACLR
was 37.4 (range, 15-69 years), and the mean age for
patients who underwent soft tissue—only allograft ACLR
was 30.8 (range, 15-69 years). The mean follow-up dura-
tion for the bone—soft tissue allograft group was 42.8
months (range, 24-170 months) and 60.9 months (range,

24-132 wmonths) for the soft tissue—only allograft
group. The bone—soft tissue allograft group had a follow-
up percentage of 87.5%, while the follow-up percentage in
the soft tissue-only allograft group was 88.2%. Also,
44.8% of the patients in the bone-soft tissue allograft
group were women,

Surgical Characteristics

The surgical technique—including graft type, femoral and
tibial fixation methods, and surgical approach—are
described in Table 3. The studies included utilized the fol-
lowing graft types: 7 studies 22629323445 11,0111ded bone—
soft tissue allografts (4 BPTB, 3 BPTB or Achilles with
bone block), 6 studies included soft tissue—only allografts
(1 study included hamstring tendon, 4 studies included
tibialis anterior, and 1 study included tibialis poste-
rior), 21431333637 4nd 1 comparative study included
BPTB and 4-strand hamstring tendon allografts.®
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TABLE 3
Surgical Details”

Tibial Fixation

Femoral Fixation

Study Graft Type Used Approach
Bach et al? (2005) BPTB Endoscopic (56), dual-
incision (3)
Barrett et al® BFTB Endoscopic
(2005)
Bottoni ct al® Tib Post Endoscopic
(2016)
Edgar et al™ (2008) Hamstring Endoscopic
Mei et al®® (2016) dbl BPTB Allo Endoscopic
single BPTB Allo
Niu et al?® (2016) dbl BPTB Allo Endoscopic
4-strand HT Alle
Peterson et al?? BPTB Allo Endoscopic
(2001)
Rai et al! (2018) 4 HT Auto Endoscopic
2 Tib Ant
Shah et al*® (2010)  Achilles Alla Endoscopic

Shybut et al*® Tib Ant Allo Endoscopic
(2013)

Sichold et al™ BPTB Alle Endoscopic
(2003) Achilles Allo

Singhal et al®® Tib Ant Allo Endoscopic
(2007)

Snow ct al*” (2010) Dbl Tib Ant Allo NR

Wang et al'® (2011)  Achilles Allo Endoscopic

BPTB Allo

Metal interference

Interference screws + post or
button + post

Bioabsorbable interference
screw

Bioabsorbable interference
screw + spiked washer and
BsCcrew

2 interference screws

2 bioabsorbable interference
screws

Metal interference fit screws

Bioabsorbable interference
sCcrew
BioMet washerlock system

Depuy-Mitek Intrafix Sheath
and screw

BPTB, titanium inter{erence
screw; Achilles, staples +/-
titanium interference screw

Bioahsorbable interference
screw

Bioabsorbable interference
Sscrew

BPTB, biodegradable
interference screw (external
aperture); Achilles,
biodegradable interference
serew + cortical screw w/
spiked washer

Metal interference
Interference screws or cortical
button

Metal cross-pin

Interference screw +

continuous loop cortical butten

2 interference screws

BPTB, 2 hioabsorbable
interference screws; HT-
cortical button flipped over
lateral femoral cortex

Metal interference fit screws

Cortical button or cross-pin

Cannulated metal or
bioabsorbable interference
serew

Depuy-Mitek Rigidfix or
Arthrex Transfix

BPTB, titanium interference
screw; Achilles, bone plug

Bioabsorbable interference
screw
Caortical button and cross-pin

Biodegradable interference
screws

“Allg, allograft; Auto, autograft; BPTB, bonc—patellar tendon—bone; dbl, double; HT, hamstring tendon; NR, not reported; Tib Ant, tibialis
anterior; Tib Post, tibialis posterior.

Cumulative Failure Rates for Bony Versus
Soft Tissue-Only Allografts

The cumulative failure for each study is detailed in Table
4. The pooled cumulative failure rate for bone—soft tissue
allografts was 11% (95% CI, 7-17), and the pooled cumula-
tive failure rate for soft tissue—only allografts was 20%
(95% CI, 14-29) (Figure 2). The risk of cumulative failure
was significantly greater in the soft tissue~only group com-
pared with the bone—soft tissue group (x* = 3.92; P = .05).

Rates of Graft Rupture for Bony Versus
Soft Tissue-Only Allografts

The graft rupture rate for each study is detailed in Table 4,
The pooled graft rupture rate for bone—soft tissue

allografts was 6% (95% CI, 4-9), and the pooled graft rup-
ture rate for soft tissue—only allografts was 13% (95% CI,
7-23) (Figure 3). The risk of graft rupture was similar in
both groups (x* = 3.39; P = .07).

Cumulative Failure Rates for Double
Bone Plug, Single Bone Plug, and Soft
Tissue-Only Allografts

The pooled cumulative failure rate for double bone plug
allografts was 13% (95% CI, 9-17), the pooled cumulative
failure rate for soft tissue-only allografts was 20% (95%
CI, 14-27), and the pooled cumulative failure rate for single
bone plug allegrafts was 11% (95% CI, 4-27) (Figure 4).
There were no differences among graft types with regard
to cumulative failure rate (x% = 3.89; P = .14).
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TABLE 4

Tailure Risk®®

Defined Method of Failure

Graft Revision (+) Pivot Clinical Abnarmal/Pasilive Abnormul Ahnormal IKDC Gradoe C  Rupture  Cumulative Failura
Author Rupture KT-1000 ACL Surgery Shift Other!  Failure (%) Pivot-Shill Grade Instrumental Laxity Lachman Grade D Rate Risk"
Done-sofl tissue nllografts

Bach et al® X X 10 6/60 0/60 4/60 0/60 161 /61 (11.48)
(2005)

Barrett et nl* X X X X 2.60 L] 3738 1/38 5/18 NR 5738 (13,16)
{2005)

Mei et al*® X 0 1/48 0/48 048 NR 2/48 3/48 (6.25)
{2016)

Pelerson et al®™ X 3.60 1/30 0730 /30 NIt 1130 3730 (10
(2001)

Shah ct ol X X 6.60 NR /144 NR B/144 44 8/144 (5.6)
(2010)

Sicbald et al*! X X 14.75 (B), NR 164 (P); NR 45/183 (P); 19183 (P},  46/183 (24.59) (P);
{2003) 7.3 (A 140 (A) 10742 {A) 22 {A) 10/42 (23.61) (A)

Wang et ul'® X X 5.1(P); NR 479 (P), NR 1979 (P); 579 (P); 19/79 (24.05) (T);
12011) 1.4 {A) V7d(A) 16773 {A) I3 (A) 16/7% (21.92) (A)

Niu et al** X X 4 (P); 17.6 (H) 1/49 (1); 149 (1) 149 (12); NR 49 (1) 219 (4.08) (P);
{2016) AMT (1) 6T (H) 5/47 (1) 4747 (H) 47 (19.15) (11)

Saflt tissun allografis

Bottoni et ol X 26.50 NR NR NR 449 13449 15/49 (30.61)
(2015)

Edgar vl o™ X X [ NR 1147 NR 87 NR 847 (17,02)
12008)

Heath et al'? X X 21.40 NR NR NR NR G3/247 53/247 (21.40)
(2019)

Larson et nl*? X X a7.60 NR 0/8 NR NR a/8 /8 (37.50)
(2016)

Rai et al™! X 12.14 a7 NI 9/107 6/107 1107 137107 (12.14)
(2018)

Shybut et al®? X 21 /19 419 1719 NR 119 4/10 (21.06)
¢2013)

Singhal et alf X 23.10 NR NR NR 6/43 16/69 22/69 (31.88)
(2007)

Snow et al™ X B 25 0:25 NR 359 5/64 8/64 (12.5)
(2010)

“A, Achilles allograft; ACL, anterior cruciate ligament; IKDC, International Knee Documentation Committee; H, 4-strand hamstring allegraft; NI%, not
reporled; P, bone—patellar tendon-bane allograll; X, denotes defined method of failure within each repseetive.

“Potal values may differ due to sttrition in original studies.

‘Cumulative failure involves overlapping patients between different clinical failure outcome measures.
YLigamentous laxity, Lachman score, degree of improvement from preoperative, Lysholm score, contralateral ACL injury.

Rates of Graft Rupture for Double Plug, Single Plug,
and All-Soft Tissue Allografts

The pooled rerupture rate for double bone plug allografts
was 8% (96% CI, 5-12), the pooled rerupture rate for soft
tissue~only allografts was 13% (95% CI, 7-23), and the
pooled rerupture rate for single bone plug allografts was
4% (95% CI, 2-8) (Figure 5). A significant difference was
observed among graft types for the rerupture rate (x* =
6.03; P = .05). Pairwise comparisons showed that the
rerupture risk was significantly lower with single bone
plug grafts compared with soft tissue—only grafts (x* =
5.86; P = .02). There were no differences in other pairwise
comparisons with regard to rerupture risk (P > .05).

Moderator Analyses for Bony Versus All-Soft Tissue
Allografts

Graft Rupture Rate

Significant moderator effects were found for sex (Q = 5.10;
P = 02), the Tegner score (Q = 3.93; P = .05), and the

follow-up length (Q = 7.26; P = .01). Overall, studies with
a larger proportion of women were associated with lower
rerupture rates. However, when separated by graft type,
the moderator effects were nonsignificant (bony: Q =
1.59, P = .21; soft tissue: Q = 1.35, P = .25). Overall, studies
with higher mean Tegner scores were associated with
lower rerupture rates. When separated by graft type, the
Tegner score was a significant moderator in the soft tissue
group (Q = 9.31; P = .002) but not the bone—soft tissue
group (Q = 0.53; P = .47). Overall, studies with longer
follow-up times were associated with higher rerupture
rates, However, when separated by graft type, the moder-
ator effects were nonsignificant (bony: Q = 1.09, P = .30;
soft tissue: Q = 3.08, P = .08). A caveat to all these signifi-
cant moderator effects is that 1 study (Bottoni et al®)
seemed to be significantly influencing these moderator
effects, as when it was removed, all moderator effects
became nonsignificant.

There were differences between allograft groups with
regard to sex, Tegner score, and follow-up length. A larger
proportion of women was associated with lower rerupture
rates in the soft tissue—only group (Q = 7.10; P = .02).
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The follow-up duration was longer in the soft tissue—only
group compared with the bone—soft tissue group (Q =
7.14; P = .008). There was a significant effect of follow-up
length on the rerupture rate in the soft tissue-only group
(Q = 7.26; P = .007). In the metaregression analysis, a lon-
ger follow-up period was associated with higher cumula-
tive failure rates. After removing 1 outlier,” the effect of
follow-up was no longer significant. No differences were
found between allograft groups with regard to age, Tegner
score, or Lysholm score.

Cumulative Failure Rate

There were no significant moderator effects with regard to
sex, age, follow-up length, Tegner score, or Lysholm score.

Postoperative Patient-Reported Outcomes

The mean Lysholm scores for hone—soft tissue allografts
ranged from 82 to 91.3 at the follow-up, while the mean
Lysholm scores for soft tissue allografts ranged from 79.7
to 92.8 at the follow-up. Reported means did not differ by
graft type (Q = 0,002; P = .97). One bone—soft tissue allo-
graft study and 3 soft tissue—only allograft studies did
not report Lysholm scores,

The mean Tegner scores for bone—soft tissue allografts
ranged from 3.9 to 7.2, while the mean Tegner scores for
soft tissue-only allografts ranged from 4.4 to 6.9.
Reported means did not differ by graft type (Q = 0.40; P
= .526). Three bone—soft tissue allograft studies and 2
soft tissue—only allograft studies, in addition to the com-
parative study, did not report Tegner scores. The IKDC
scores for available studies can be seen in Appendix B
(available online).

DISCUSSION

The most important finding in this systematic review and
meta-analysis is that soft tissue—only allografts appear to
have higher cumulative failure rates when compared with
bone—soft tissue allografts. While there was no significant
difference between graft types with regard to the rerupture
rate, the difference did approach significance in favor of
bony grafts. In our additional analyses investigating the
effect of bone plug dosage (ie, single versus double bone
plug), we found no differences between double plug, single
plug, and soft tissue—only grafts with regard to cumulative
failure. We also found that single bone plug grafts resulted
in lower rerupture rates than all soft tissue grafts. These
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findings are important because they may help guide specific
graft choices when considering the use of allograft ACLR in
a subset of adult patients with [unctional instability after
ACL injury. Additional prospective comparative studies
will be necessary to confirm these findings.

Previous studies have shown that a wide spectrum of
allografts have been clinically used for ACLR, including
various bone-block and soft tissue—only allografts,?021.23
However, only 1 included study directly compared failure
rates between a bone block and a soft tissue allograft.?®
In that study, which compared BPTB allografts with qua-
drupled hamstring allografts, the authors reported lower
failure rates after BPTB and significantly improved
patient-reported outcome scores, including the IKDC
score.?® Meanwhile, a systematic review by Joyce et al'®
found no differences in clinical outcomes when comparing
BPTB and soft tissue allografts. Interestingly, the findings
of the present study differ from those of Joyce et al, with
our findings indicating a lower clinical failure rate and
a lower graft rupture rate in bone-soft tissue allografts
compared with soft tissue—only allografts. One explanation
for this is that the single comparative study within each
respective systematic review had differing findings on
the failure rates of each type of allograft.?®?® The single
comparative study®® ineluded in Joyce et al compared
BTPB and soft tissue allografts and found no differences
in graft failure risk, instrumented laxity, Lachman or

pivot-shift grades, or overall IKDC score. This study was
excluded from the present systematic review and meta-
analysis because it did not explicitly define clinical failure
or provide the number or proportion of patients with graft
failure.?® In addition, the pooled failure rates for BPTB
and soft tissue allografts in Joyce et al was based on cumu-
lative failure rates that relied heavily on patient-reported
outcomes. Finally, some of the studies included in that
review did not contain any information on graft rupture
and were therefore excluded from our study.”?"%%4! When
comparing the studies included by Joyce et al with those
in our study, only 5 studies overlapped (4 bone—soft tis-
sue, 1 soft tissue). In addition, the article search in Joyce
et al was performed up to April 2014, while the present
review included 4 studies (including 1 comparative study)
published after this date. Another key difference between
the present investigation and Joyce et al is that we
grouped all bone—soft tissue allografts together and soft
tissue—only allografts separately. This was done because
we suspect that all-soft tissue allografts may incorporate
into host bone more slowly than bone-soft tissue allog-
rafts, which may affect clinical outcomes, including fail-
ure rates.!!

After analyzing the studies that matched our inclusion
criteria, we determined a difference between bone—soft tis-
sue and soft tissue—only allografts in terms of both graft
rupture and cumulative failure rates. The differences in
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cumulative failure rates between allograft types could be,
in part, due to the cumulative failure definition encom-
passing a wide spectrum of clinical outcome measure-
ments, with reported outcomes varying among included
studies. For this reason, the graft rupture rate was sepa-
rately reported in this study so that graft failure could be
isolated to a universal outcome used by most studies. Over-
all, the differences in failure among allograft types are
likely due to differences in graft incorporation and fixation
method. Soft tissue allograft may be less likely to incorpo-
rate into the recipient’s bone, contributing to increased
graft failure after allograft ACLR. Graft-to-bone integra-
tion is critical for optimal healing after ACLR,” and early
biomechanical and histological animal studies have dem-
onstrated increased strength and speed of bone-to-bone
healing as compared with tendon-to-bone healing.'?® In
regard to fixation method, soft tissue-only allograft fixa-
tion was more often suspensory, which has been demon-
strated to lead to increased femoral and tibial tunnel
widening because of bungee-cord and windshield-wiper
effects and inferior soft tissue—to-bone healing.%1%?* This
may have contributed to the higher failure rates demon-
strated in soft tissue—only allografts. With regard to graft
rupture, the soft tissue allograft group had a mean
follow-up period that was longer than the bone-block
group, most likely due to the disproportionate effect of 1
study with an unusually long follow-up period of 10 years.®
The longer follow-up period could contribute to an
increased number of graft failures due to the passage of
time. Not only was the graft rupture rate of bone—soft tis-
sue allografts lower than all-soft tissue allografts in this
analysis, but it was also lower than some previously
reported autogralt rates. For example, in a study by Get-
good et al,'” the reported rupture rate for hamstring auto-
grafts without lateral extra-articular tenodesis at a 24-
month follow-up was 11%, compared with this study’s
bone—soft tissue allograft rupture rate of 6%. The lower
graft rupture rate of the bone—soft tissue allograft in this
analysis is likely due to the inclusion of an older, less active
population as compared with the study by Getgood et al
that included only more active patients aged <25 years.

When comparing single bone plug with double bone plug
allograft ACLR, the present meta-analysis found no signif-
icant difference in failure rates. This is in contrast to pre-
vious studies, including 2 studies in the analysis—Wang
et al’® and Siebold et al®*—that found that single bone
plug (Achilles tendon allograft) had lower revision rates
than double bone plug (BPTB) allograft ACLR. However,
the improved failure rates of the single bone plug Achilles
tendon allograft may be due more to its higher maximum
tensile strength compared with BPTB rather than the
effect of the bone plug.'®® In the present analysis, the
pooled failure rates of single bone plug allograft ACLR
were lower than double bone plug allograft ACLR (4% vs
8%); however, the difference was not significant, likely
due to a small sample size and, therefore, underpowered
statistical analyses. This suggests that there is a need for
more studies that compare single versus double bone
plug graft rupture rates to more definitively conclude the
ideal dosage of bone plug for allograft ACLR.

The American Journal of Sports Medicine

This study does have limitations. Regarding our
patient-reported outcomes, we did not have enough studies
that used the same measurements, and as a result, we
could not use the Lysholm, Tegner, or IKDC scores to con-
firm our findings from the allograft failure data. Because
the data on these measures were sparse and there were dif-
ferences in outcomes reported by the study, the moderator
analyses showed differences in Tegner scores by graft type.
In addition, concomitant intra-articular injuries varied
greatly between studies, potentially altering the outcomes
of different studies. Finally, similar to moderator analyses
on Tegner scores, there were differences in moderator
analyses between graft types for graft failure rate by sex
and length of follow-up. Again, these differences were
likely due to the type of information reported in each
study. Ultimately, our systematic review only included 1
comparative study involving a bone block and a soft tissue
allograft, limiting our control over other factors such as
age, body mass index, concomitant injuries, and so forth.
Having only 1 comparative study also highlights the need
for more comparative studies on different allografts that
focus on clinical outcomes and allograft failure.

CONCLUSION

Bone—soft tissue allografts appear to have lower all-cause
failure rates and lower graft retear rates than soft
tissue—only allografts. Bone—soft tissue allografts may be
the preferred allograft choices for ACLR in adults after
ACL injury.
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