
A Systematic Review of Anterior Cruciate
Ligament Reconstruction with Autograft

Compared with Allograft
By James L. Carey, MD, MPH, Warren R. Dunn, MD, MPH, Diane L. Dahm, MD, Scott L. Zeger, PhD, and Kurt P. Spindler, MD

Background: Anterior cruciate ligament reconstruction can be performed with use of either autograft or allograft
tissue. It is currently unclear if the outcomes of these two methods differ significantly. This systematic review and meta-
analysis investigated whether the short-term clinical outcomes of anterior cruciate reconstruction with allograft were
significantly different from those with autograft.

Methods: A computerized search of the electronic databases MEDLINE and EMBASE was conducted. Only therapeutic
studies with a prospective or retrospective comparative design were considered for inclusion in the present investigation.
Two reviewers independently assessed the methodological quality and extracted relevant data from each included study. If
a study failed the qualitative assessment and statistical tests of homogeneity, it was excluded from the meta-analysis.
Furthermore, a study was withdrawn from the meta-analysis of a particular outcome if that outcome was not studied or was
not reported adequately. A Mantel-Haenszel analysis utilizing a random-effects model allowed for pooling of results
according to graft source while accounting for the number of subjects in individual studies.

Results: Nine studies were determined to be appropriate for the systematic review. Eight studies compared bone-patellar
tendon-bone grafts, and one study compared quadruple-stranded hamstring grafts. Five studies were prospective com-
parative studies, and four were retrospective comparative studies. One study, which investigated allografts that under-
went a unique sterilization process, demonstrated an allograft failure rate of 45% (thirty-eight of eighty-five). That study
failed the qualitative assessment and statistical tests of homogeneity and consequently was excluded from the meta-
analysis. When the outcomes from the remaining studies were pooled according to graft source, the meta-analyses of the
Lysholm score, instrumented laxity measurements, and the clinical failure rate estimated mean differences and odds
ratios that were not significant. These findings were robust during the sensitivity analysis, which varied the included
studies or variables on the basis of graft type, instrumented laxity cut-off value, secondary sterilization technique, duration
of follow-up, mean patient age, and study methodology.

Conclusions: In general, the short-term clinical outcomes of anterior cruciate reconstruction with allograft were not
significantly different from those with autograft. However, it is important to note that none of these nonrandomized studies
stratified outcomes according to age or utilized multivariable modeling to mathematically control for age (or any other
possible confounder, such as activity level, that is not equally distributed in the two treatment groups). Understanding
these limitations of the best available evidence, the surgeon may incorporate the results of the present systematic review
into the informed-consent and shared-decision-making process in order to individualize optimum patient care.

Level of Evidence: Therapeutic Level III. See Instructions to Authors for a complete description of levels of evidence.

A
nterior cruciate ligament reconstruction is the gold-
standard surgical treatment for providing stability
in the setting of an anterior cruciate ligament rup-

ture. Reconstruction can be performed with use of ei-

ther autograft or allograft tissue. It is currently unclear
if the outcomes of anterior cruciate ligament reconstruc-
tion with allograft differ significantly from those with
autograft.
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Reconstruction with allograft has the major advantage of
eliminating donor-site morbidity, with the consequent benefits
of less postoperative pain and faster rehabilitation. However,
allograft has the major disadvantages of the potential for disease
transmission1,2 and limited availability 3. In addition, concerns
about slower incorporation, inadequate so-called ligamentiza-
tion, and possible immunogenicity have been raised in asso-
ciation with allograft4-6. Interestingly, the cost of the allograft
itself appears to be offset by the increased operating room time
and a greater likelihood of overnight hospitalization for auto-
graft procedures7.

A few conventional narrative reviews8-13 have addressed
these issues surrounding graft selection for anterior cruciate
ligament reconstruction. Firm conclusions regarding the clin-
ical outcomes after reconstruction with autograft or allograft
cannot be drawn from those narrative reviews because they
may reflect some inherent bias toward summarizing literature
that supports the point of view of the authors. In contrast, a
systematic review of the literature has been defined as the ‘‘ap-
plication of scientific strategies that limit bias by the systematic
assembly, critical appraisal, and synthesis of all relevant studies
on a specific topic.’’14 Furthermore, a meta-analysis has been
defined as a quantitative systematic review ‘‘that employs sta-
tistical methods to combine and summarize the results of sev-
eral studies.’’14

Two previous systematic reviews compared the out-
comes of anterior cruciate ligament reconstruction with au-
tograft with those of anterior cruciate ligament reconstruction
with allograft15,16. The first systematic review only analyzed in-
strumented laxity measurements, and the value of that review
was further limited by the inclusion of studies with a non-
comparative study design (Level of Evidence IV)16. The second
systematic review evaluated only bone-patellar tendon-bone
grafts, and the outcomes of interest did not include patient-
oriented outcomes or instrumented laxity15.

The purpose of the current systematic review was to
determine if the short-term clinical outcomes of anterior
cruciate ligament reconstruction with allograft are significantly
different from those with autograft. The clinical outcomes of
interest included patient-oriented outcomes, the results of
physical examination tests, instrumented laxity measurements,
and complications (including graft failure).

Materials and Methods
Search Strategy

Acomputerized search of the electronic databases MEDLINE
(from 1950 to the fourth week of March 2009) and

EMBASE (from 1966 to March 2009) was conducted with
use of the three keywords in combination: ‘‘auto$,’’ ‘‘allo$,’’
and ‘‘anterior cruciate ligament.’’ Published studies in all
languages were considered for inclusion. The titles and ab-
stracts of these potentially relevant studies from the com-
puterized search were reviewed. If the abstract indicated a
possibility that the study had a comparative study design,
involved human subjects, and demonstrated any clinically
relevant outcome, then the article was retrieved for more

detailed evaluation. Subsequently, the references of these
articles were searched by hand for any additional relevant
studies.

Selection
In order to be included, a study had to be a therapeutic study
with a prospective or retrospective comparative design (Level
of Evidence I, II, or III)17. Furthermore, each study had to
meet six inclusion criteria related to (1) the population that
was considered to be acceptable for study (patients of any
age), (2) the procedure of interest (unilateral anterior cruciate
ligament reconstruction), (3) the intervention being studied
(autograft compared with allograft, with use of same ana-
tomic graft), (4) the outcomes being evaluated (including any
clinically relevant outcome, such as a physical examination
measurement, complication, or patient-oriented outcome),
(5) the minimum duration of follow-up (two years), and (6)
the minimum study size (fifteen patients in each treatment
arm).

Of note, all patients in a study had to have been followed
for at least two years. An average of two years of follow-up was
not sufficient for inclusion.

Any study that failed to meet all of the inclusion criteria
was excluded. Specifically, all case series (Level of Evidence IV)
were excluded. In addition, a study was excluded if data from
the same patients were reported in another study that had
longer follow-up.

Assessment of Study Quality
Two reviewers (J.L.C. and K.P.S.) independently assessed the
methodological quality of each included study with respect
to study design, determination of intervention type, baseline
comparability according to graft source, similarity of surgical
technique, utilization of independent examiners, and propor-
tion of patients lost to follow-up. A study was considered to be
prospective if it started before the first patient was enrolled. In
contrast, a study was considered to be retrospective if it started
after the first patient was enrolled.

Data Extraction
Two reviewers (J.L.C. and K.P.S.) independently extracted
relevant data from each included study and recorded them on
multiple worksheets. The specific data that were extracted
included the country where the trial was primarily conducted,
the number of surgeons, the date range of the procedures, the
number of eligible patients, the number of patients with
follow-up, the duration of follow-up, the surgical technique
used, allograft properties, the demographic characteristics of the
patients, patient-oriented outcomes, composite scales, instru-
mented laxity measurements, the results of Lachman testing,
the results of pivot-shift testing, range-of-motion deficits,
the results of one-leg-hop testing, thigh-circumference differ-
ences, and complications. These worksheets were subsequently
compared, and any discrepancies were resolved by means
of a review of the original study and discussion to achieve
consensus.
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Statistical Methods and Strategies
Heterogeneity was qualitatively assessed by comparing the
study designs, study populations, interventions, outcomes, and
blinding among the included studies. In addition, statistical
tests of homogeneity (chi-square testing for failures and for
grouped frequency distribution of instrumented laxity mea-
surements) were employed to determine if any individual
study findings refuted the null hypothesis that the findings of
the individual studies were the same. If the observed variation
among studies was inconsistent with this null hypothesis (p <
0.10), then heterogeneity was assumed.

If a study failed the qualitative assessment and statistical
tests of homogeneity, it was excluded from meta-analysis because
there were presumed to be meaningful differences in the popu-
lations studied, the nature of the predictor or outcome variables,
or the study results18. Furthermore, a study was withdrawn from
the meta-analysis of a particular outcome if that outcome was

not studied or was not reported adequately. A Mantel-Haenszel
analysis utilizing a random-effects model allowed for the pooling
of results according to graft source while accounting for the
number of subjects in individual studies19. In order to ensure that
the findings were robust, a sensitivity analysis was systematically
performed by varying the included studies or variables in the
meta-analysis on the basis of several factors: graft type (bone-
patellar tendon-bone or hamstring), instrumented laxity cut-off
value (3 or 5 mm), secondary sterilization technique (irradiated
or non-irradiated), minimum duration of follow-up (two or
three years), mean patient age (less than or equal to thirty years),
or study methodology (prospective or retrospective).

Source of Funding
Two grants (NIH/NIAMS R01 AR053684-01A1 and NIAMS
5 K23 AR052392-04) provided salary support. The research
grant from Smith and Nephew and the unrestricted educa-

TABLE I Selected Study Characteristics and Clinical Outcomes* �

Study Characteristics

First Author Journal Year
Level of
Evidence

Follow-up
(no. of

patients)
Duration of

Follow-up† (mo) Graft Type Sterilization Method

Barrett36 Am J Sports Med 2005 III 63 41 (24 to 99) Bone-patellar
tendon-bone

Non-irradiated

Chang37‡ Arthroscopy 2003 III 79 37 (24 to 56) Bone-patellar
tendon-bone

30 non-irradiated,
10 irradiated
(dose unknown)§

Edgar38 Clin Orthop
Relat Res

2008 II 83 50 (36 to 70) Hamstring
(quadruple)

Non-irradiated

Gorschewsky39 Am J Sports Med 2005 II 186 71 (54 to 80) Bone-patellar
tendon-bone

Acetone solvent
drying; irradiation
(1.5 Mrad)

Harner40 Clin Orthop
Relat Res

1996 III 90 45 (30 to 75) Bone-patellar
tendon-bone#

Non-irradiated

Kleipool41 Knee Surg
Sports Traumatol
Arthrosc

1998 II 62 49 (30 to 74) Bone-patellar
tendon-bone

Non-irradiated

Peterson42 Arthroscopy 2001 II 60 63 (55 to 78) Bone-patellar
tendon-bone

Non-irradiated

Saddemi43** Arthroscopy 1993 III 50 24 Bone-patellar
tendon-bone

Irradiated
(2.0 Mrad)

Victor44 Int Orthop 1997 II 73 24 Bone-patellar
tendon-bone

NR

Total 746 49 (24 to 99)

Meta-analysis‡‡

*NR = not reported. NS = not significant. †The values are given as the mean, with the range in parentheses. ‡The data on instrumented laxity
measurements exclude three patients in the allograft group with postoperative traumatic ruptures as well as five patients in the autograft group and five
patients in the allograft group who did not return to clinic for final examination. They also exclude six patients in the autograft group and four patients in
the allograft group with contralateral anterior cruciate ligament injuries. §Data on allograft preparation were only available for forty of the forty-six cases.
#Allografts included sixty bone-patellar tendon-bone grafts and four Achilles tendon grafts. **The data on instrumented laxity measurements exclude
six patients in the autograft group and one patient in the allograft group with contralateral anterior cruciate ligament injuries. ††Estimated from
graphical depiction. ‡‡Excluding the study by Gorschewsky et al.39 because it failed qualitative assessment and statistical tests of homogeneity.
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tional grant from DonJoy did not provide salary support and
did not contribute to the development of this manuscript.

Results
Study Identification

The Quality of Reporting of Meta-analyses (QUOROM)20

flow diagram depicts the number of studies identified, in-
cluded, and excluded as well as the reasons for exclusion (Fig. 1).
The initial computerized search identified 300 potentially rele-
vant studies. Subsequent review of the abstracts produced
twenty-four articles that were retrieved for more detailed eval-
uation. Two studies were excluded because data from the same
patients were reported in another study that had a longer du-
ration of follow-up21,22. Eleven studies were excluded because of
the failure to report a minimum two-year follow-up23-33. One
study was excluded because it compared different anatomic
grafts34. One study was excluded because one treatment arm had
fewer than fifteen patients35. Therefore, nine studies were de-
termined to be appropriate for systematic review 36-44 (Table I).

Study Characteristics
Six studies were conducted in a North American country36-38,40,42,43,
and three studies were conducted in a European country 39,41,44

(see Appendix). All studies involved one or two surgeons. The
procedures were performed between 1986 and 2000. With

respect to surgical techniques (see Appendix), eight studies
compared autograft bone-patellar tendon-bone with allograft
bone-patellar tendon-bone36,37,39-44. However, in one of those
studies, four of the sixty-four allografts were Achilles tendon40.
The ninth study compared autograft quadruple-stranded
hamstring with allograft quadruple-stranded hamstring38. The
allograft was reported as non-irradiated in five studies36,38,40-42,
irradiated with 2.0 Mrad in one study 43, and sometimes non-
irradiated and sometimes irradiated with an unknown dose in
one study 37. In another study, it was not reported as irradiated
or non-irradiated44. In the remaining study, the allograft was
treated with acetone solvent drying, followed by irradiation
with 1.5 Mrad39. With regard to storage, the grafts were re-
ported to be fresh-frozen in six studies36,37,40-43 and to be
sometimes cryopreserved and sometimes fresh-frozen in one
study 38; storage was not reported in two studies39,44.

Study Quality
Assessment of the methodological quality of these studies re-
vealed that there were no randomized controlled trials (Level
I). Five studies were prospective comparative studies (Level
II)38,39,41,42,44, and the other four studies were retrospective
comparative studies (Level III)36,37,40,43. The treatment was de-
termined on the basis of patient choice in four studies36,37,42,43,
allograft availability in two studies41,44, a combination of patient

Instrumented Laxity Measurements

FailuresAutograft Allograft

P Value Autograft Allograft P Value£5 mm >5 mm £5 mm >5 mm

100%
(25 of 25)

0%
(0 of 25)

92%
(35 of 38)

8%
(3 of 38)

NS 0% (0 of 25) 3% (1 of 38) NS

91%
(20 of 22)

9%
(2 of 22)

91%
(31 of 34)

9%
(3 of 34)

0.7 0% (0 of 33) 7% (3 of 46) 0.1

92%
(34 of 37)

8%
(3 of 37)

98%
(45 of 46)

2%
(1 of 46)

0.33 8% (3 of 37) 4% (2 of 46) NS

NR NR NR NR NR 6% (6 of 101) 45% (38 of 85) 0.005

92%
(24 of 26)

8%
(2 of 26)

94%
(60 of 64)

6%
(4 of 64)

NS NR NR NR

92%
(24 of 26)

8%
(2 of 26)

94%
(34 of 36)

6%
(2 of 36)

NS 0% (0 of 26) 0% (0 of 36) NS

93%
(28 of 30)

7%
(2 of 30)

100%
(30 of 30)

0%
(0 of 30)

NS 3% (1 of 30) 3% (1 of 30) NS

100%
(25 of 25††)

0%
(0 of 25††)

94%
(17 of 18††)

6%
(1 of 18††)

NS 3% (1 of 31) 5% (1 of 19) NS

NR NR NR NR NR 0% (0 of 48) 12% (3 of 25) NR

Odds ratio = 1.23 (95% confidence
interval, 0.52 to 2.92) favoring allograft

0.63 Odds ratio = 0.61 (95% confidence interval,
0.21 to 1.79) favoring autograft

0.37

TABLE I (continued)
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choice and allograft availability in one study40, a combination
of patient choice and randomization in one study38, and
chronological division in one study 39. More than half of the
studies utilized an independent examiner37-39,41,44. In five stud-
ies, the baseline demographic characteristics according to graft
source were significantly different with respect to patient age,
male-to-female ratio, time from injury to reconstruction, or
duration of follow-up (see Appendix)36,37,40-42. One study did
not demonstrate any significant differences with respect to
these factors, perhaps because approximately 75% of the pa-
tients consented to undergo randomization38. The other three
studies did not investigate all of these demographic charac-
teristics according to graft source39,43,44. Within each study, the
surgical approach, fixation technique, and postoperative re-
habilitation were consistent for every patient. Five studies had
>80% follow-up in both treatment arms36,37,41,43,44.

Assessment of Heterogeneity
A qualitative assessment of heterogeneity demonstrated that the
sterilization process and outcomes in the study by Gorschewsky
et al.39 were substantially different from those in the other
included studies. Specifically, the allografts used in the study
by Gorschewsky et al.39 were sterilized with osmotic treatment,
oxidation, and solvent drying with acetone. In contrast, the
other studies involved the use of fresh-frozen allografts
or cryopreservation. The patient-oriented outcomes, physical
examination findings, instrumented laxity measurements,
and complications in the allograft group in the study by
Gorschewsky et al. were much worse than those in the other
treatment arms. For example, 45% (thirty-eight) of the
eighty-five patients who were managed with allograft in that
study were considered to have had a clinical failure39. The
next highest clinical failure rate was 12% (three of twenty-

Fig. 1

The Quality of Reporting of Meta-analyses (QUOROM) flow diagram, depicting the number of

studies identified, included, and excluded as well as the reasons for exclusion.
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five) in the allograft treatment arm of the study by Victor
et al.44.

Statistical tests of homogeneity confirmed that the study
by Gorschewsky et al.39 was inconsistent with the null hy-
pothesis that the findings of the individual studies were the
same with respect to the Lysholm score, instrumented laxity
measurements, and clinical failure rate (p < 0.10). Therefore,
that study failed the qualitative assessment and statistical tests
of homogeneity and was excluded from the meta-analyses of
the Lysholm score, instrumented laxity measurements, and
clinical failure rate as well as the sensitivity analysis.

The remaining eight studies were all comparative ther-
apeutic studies in which bone-patellar tendon-bone autograft
was compared with bone-patellar tendon-bone allograft36,37,40-44

or in which hamstring autograft was compared with hamstring
allograft38. Statistical tests of homogeneity supported the null
hypothesis that the findings of these eight individual studies
were the same with respect to the Lysholm score, instrumented
laxity measurements, and clinical failure rate (p > 0.10).

Patient-Oriented Outcomes
A patient-oriented outcome or composite scale was reported in
every study except one43 (see Appendix). Within each study,
there were no significant differences between autograft and al-
lograft. Lysholm scores were reported as an outcome measure in
six studies36-38,41,42,44. The Lysholm scores from those six studies
were pooled according to graft source, and the meta-analysis of
Lysholm scores estimated a mean difference of 1.5 favoring
autograft (95% confidence interval, 21.1 to 4.1; p > 0.25).

Physical Examination
There were no significant differences between autograft and
allograft with respect to Lachman testing or pivot-shift testing
(see Appendix). Similarly, there were no significant differences
with respect to flexion deficit, one-leg-hop test, or thigh cir-
cumference (see Appendix). However, two studies demon-
strated a significant difference with respect to extension
deficit40,42. Those two studies indicated that the autograft group

lost 1.4� to 1.8� more motion than did the allograft group40,42.
The other five studies that evaluated extension deficits did not
demonstrate a significant difference36,37,39,41,43.

Instrumented Laxity
Every study evaluated instrumented laxity measurements as an
outcome measure (see Appendix). Within each study, there
were no significant differences between autograft and allograft
with respect to instrumented laxity measurements. Seven
studies reported the grouped frequency distribution of in-
strumented laxity measurements36-38,40-43. The instrumented
laxity results of those seven studies were pooled according to
graft source, and the meta-analysis of instrumented laxity
measurements of >5 mm (Fig. 2) estimated an odds ratio of
1.23 favoring allograft (95% confidence interval, 0.52 to 2.92;
p = 0.63). The corresponding funnel plot, which visually
represents the standard error of the log odds ratio (a measure
of precision) as a function of the odds ratio (a measure of the
treatment effect), appears essentially symmetrical about the
pooled estimate from the meta-analysis and is shaped like an
inverted funnel, indicating no gross publication bias (see
Appendix).

Complications
With respect to donor-site symptoms (see Appendix), three
studies evaluated anterior knee pain, and all three demon-
strated no significant difference between graft types36,41,44. Two
studies evaluated patellofemoral pain or retropatellar pain, and
both studies demonstrated no significant difference between
graft types37,43. Peterson et al. reported that the rate of inci-
sional site complaints was 53% (sixteen of thirty) in the au-
tograft group and 7% (two of thirty) in the allograft group42.
Gorschewsky et al. reported that the rate of kneeling pain or
paresthesias was 50% (fifty of 101) in the autograft group and
0% (zero of eighty-five) in the allograft group39.

Four studies evaluated the deep infection rate and
demonstrated no infections in either group36,38,42,43. Similarly,
within each study, there were no significant differences

Fig. 2

Forest plot of instrumented laxity measurements of >5 mm, pooled according to graft source, utilizing the Mantel-Haenszel statistical method and

random-effects analysis model.
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between the autograft and allograft groups in terms of ar-
throfibrosis37,38,42,43 or reoperation rates37,41,43.

Failures were reported in seven of the eight studies that
were included in the meta-analysis36-38,41-44. The authors of the
other study were contacted but were not able to provide data on
clinical failures from that study40. Failures were not defined
identically in all studies. The criteria for clinical failure included
revision anterior cruciate ligament reconstruction36,38,41,43,
traumatic graft rupture37,42,44, positive Lachman testing with
complaints of instability42, and a combination of positive
Lachman testing, positive pivot-shift testing, and a side-to-side
difference of ‡5 mm on arthrometer testing36,43. The clinical
failures from these seven studies were pooled according to graft
choice, and the meta-analysis (Fig. 3) estimated an odds ratio of
0.61 favoring autograft (95% confidence interval, 0.21 to 1.79;
p = 0.37). The corresponding funnel plot appeared somewhat
asymmetrical about the pooled estimate and did not have the
characteristic inverted funnel shape, reflecting the very low
number of events (failures) and also possibly reflecting a pub-
lication bias against small studies that favor allograft success (see
Appendix). Of note, in the study by Gorschewsky et al. that was
excluded from the meta-analysis, the allograft failure rate was
45% (thirty-eight of eighty-five) and the autograft failure rate
was 6% (six of 101).

Sensitivity Analysis
The inclusion of only the studies involving the use of bone-
patellar tendon-bone graft did not change the findings. Spe-
cifically, the instrumented laxity results of six studies involving
bone-patellar tendon-bone graft36,37,40-43 were pooled according
to graft source, and the meta-analysis of instrumented laxity
measurements of >5 mm estimated an odds ratio of 1.02 fa-
voring allograft (95% confidence interval, 0.40 to 2.59; p = 0.67).
Similarly, the clinical failures from six studies of bone-patellar
tendon-bone graft36,37,41-44 were pooled according to graft choice,
and the meta-analysis estimated an odds ratio of 0.34 favoring
autograft (95% confidence interval, 0.09 to 1.27; p = 0.11).

When the instrumented laxity cut-off value for stability was
defined as 3 mm (rather than 5 mm as above) and the in-
strumented laxity results of six studies36-38,41-43 were pooled ac-

cording to graft source, the meta-analysis of instrumented laxity
measurements of >3 mm estimated an odds ratio of 1.03 favoring
allograft (95% confidence interval, 0.60 to 1.78; p = 0.91).

Furthermore, the meta-analysis results regarding in-
strumented laxity measurements and clinical failure proved to
be robust when including studies of a specific secondary ster-
ilization technique (irradiated or non-irradiated), minimum
duration of follow-up (two or three years), mean patient age
(less than or equal to thirty years or greater than thirty years), or
study methodology (prospective or retrospective). Specifically,
no significant difference in instrumented laxity measurements
or the clinical failure rate was discovered between autograft and
allograft in any scenario.

Discussion

The key findings of the present systematic review and meta-
analysis indicate that, in general, the short-term clinical

outcomes of anterior cruciate reconstruction with allograft are
not significantly different from those with autograft. Specifically,
the meta-analysis of Lysholm scores pooled according to graft
source estimated a mean difference of 1.5 favoring autograft
(95% confidence interval, 21.1 to 4.1; p > 0.25), which was not
significant. (Of note, with respect to anterior cruciate ligament
injuries, the minimum detectable change for the Lysholm score
is 8.945.) Similarly, the meta-analyses of instrumented laxity
measurements and the clinical failure rate indicated odds ratios
that were not significant. These findings were robust during the
sensitivity analysis, which varied the included studies or vari-
ables on the basis of graft type, instrumented laxity cut-off value,
secondary sterilization technique, duration of follow-up, mean
patient age, and study methodology.

The notable exception to these findings was the study by
Gorschewsky et al.39, which failed the qualitative assessment and
statistical tests of homogeneity and consequently was excluded
from the meta-analysis. The allografts used in that study were
sterilized with osmotic treatment, oxidation, and solvent drying
with acetone. The patient-oriented outcomes, physical exami-
nation testing, instrumented laxity measurements, and com-
plications in the allograft group in the study by Gorschewsky
et al. were substantially worse than those in the other allograft

Fig. 3

Forest plot of clinical failures pooled according to graft source, utilizing the Mantel-Haenszel statistical method and random-effects analysis model.
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treatment groups. For example, 45% (thirty-eight) of the eighty-
five patients in the allograft group in that study were considered
to have had a clinical failure39. The authors of that study sus-
pected that the sterilization process contributed to the high
failure rate and were planning to utilize allografts that were
fresh-frozen or freeze-dried in the future, if needed39.

With respect to internal validity, the nonrandomized
design of the included studies challenges the validity of
clinical inferences regarding associations between graft choice
and outcome. In particular, selection bias may have been in-
troduced by the determination of treatment on the basis of
patient choice. For example, in four of five studies in which
patient choice was a component of treatment determination,
the mean age of the patients in the autograft group was younger
than the mean age of the patients in the allograft group36-38,42,43.
None of those studies stratified outcomes according to age
or utilized multivariable modeling to mathematically con-
trol for age (or any other possible confounder not equally
distributed in the two treatment groups). Therefore, another
factor or confounder may be masking a true association between
graft choice and outcome. Similarly, the associations between
graft choice and clinical outcome may be distorted by biological
or statistical interaction due to the interdependent operation of
these factors, such as age, activity level, and graft choice.

Furthermore, substantial dropout bias may have been in-
troduced because two of the studies had treatment arms with
<60% follow-up of the total number of eligible patients40,42.
Missing data may not be missing at random. Additionally, four
studies36,40,42,43 did not involve independent examiners, which may
have contributed some observer bias—a distortion, conscious or
unconscious, in the perception or reporting of measurements18.

With respect to external validity, no characteristics of the
study patients were identified in these studies that would pre-
clude generalization of these results to patients in the popula-
tion with anterior cruciate ligament rupture. However, these
results may not be generalizable to specific subsets of patients
with an anterior cruciate ligament rupture, such as elite athletes,
very young patients, or very old patients.

Our results are consistent with those of a recently
published systematic review and meta-analysis of prospective
trials involving the use of bone-patellar tendon-bone auto-
graft and bone-patellar tendon-bone allograft tissue for an-
terior cruciate ligament reconstruction15. After excluding the
study by Gorschewsky et al.39 from the analysis, the authors
concluded that no significant differences were found between
patients managed with bone-patellar tendon-bone autograft
and those managed with bone-patellar tendon-bone allograft
with respect to graft rupture, the rate of reoperation, normal
or near normal International Knee Documentation Committee
scores, Lachman testing, pivot-shift testing, patellar crepitus, the
hop test, or return to sports activity15. The results of another
meta-analysis of arthrometric stability of autografts and allo-
grafts after anterior cruciate ligament reconstruction indicated
that allografts had significantly lower normal stability rates as
compared with autografts16. These findings differ somewhat
from those of the current meta-analysis primarily for three

reasons. First, the selection of studies included case series as
well as comparative studies16. Second, the statistical analysis did
not employ the random-effects model, which is more con-
servative than the meta-analytic method employed. Third, the
authors did not perform statistical tests of homogeneity and
did not exclude the study by Gorschewsky et al.39

The ideal study design to assess the outcomes of autograft
as compared with allograft is a randomized clinical trial. How-
ever, there are inherent ethical and practical concerns involved
with randomizing a patient to possibly receive cadaveric tissue.
Many patients have a preference for autograft or allograft tissue.
Consequently, a high-quality prospective comparative study is
the next-best option. As treatment assignment is nonrandom in
this setting, multivariable modeling may be utilized to mathe-
matically control the possible confounding variables (such as
age, activity level, and associated injuries) so that the effect of
autograft or allograft selection can be more purely estimated46.

In the current systematic review and meta-analysis, the
short-term clinical outcomes of anterior cruciate ligament
reconstruction with allograft were not significantly different
from those with autograft, in general. However, it is important
to note again that none of these nonrandomized studies
stratified outcomes by age or utilized multivariable modeling
to control mathematically for age (or any other possible con-
founder, such as activity level, that is not equally distributed in
the two treatment groups). Understanding these limitations of
the best-available evidence, the surgeon may incorporate the
results of the present systematic review into the informed-
consent and shared-decision-making process in order to in-
dividualize optimum patient care.

Appendix
Tables presenting details of the nine studies evaluated and
funnel plots of instrumented laxity and complications are

available with the electronic versions of this article, on our web site
at jbjs.org (go to the article citation and click on ‘‘Supplementary
Material’’) and on our quarterly CD/DVD (call our subscription
department, at 781-449-9780, to order the CD or DVD). n
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