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Allograft Versus Autograft Anterior
Cruciate Ligament Reconstruction:
Predictors of Failure From a MOON
Prospective Longitudinal Cohort

Christopher C. Kaeding, MD,*f Brian Aros, MD,* Angela Pedroza, MPH, Eric Pifel, MD,$
Annunziato Amendola, MD," Jack T. Andrish, MD,! Warren R. Dunn, MD, MPH,*

Robert G. Marx, MD,** Eric C. McCarty, MD,'T Richard D. Parker, MD,1

Rick W. Wright, MD,** and Kurt P. Spindler, MD*

Background: Tearing an anterior cruciate ligament (ACL) graft is a devastating occurrence after ACL reconstruction
(ACLR). Identifying and understanding the independent predictors of ACLR graft failure is important for surgical planning,
patient counseling, and efforts to decrease the risk of graft failure.

Hypothesis: Patient and surgical variables will predict graft failure after ACLR.
Study Design: Prospective cohort study.

Methods: A multicenter group initiated a cohort study in 2002 to identify predictors of ACLR outcomes, including graft fail-
ure. First, to control for confounders, a single surgeon’s data (n = 281 ACLRs) were used to develop a multivariable regres-
sion model for ACLR graft failure. Evaluated variables were graft type (autograft vs allograft), sex, age, body mass index,
activity at index injury, presence of a meniscus tear, and primary versus revision reconstruction. Second, the model was val-
idated with the rest of the multicenter study’s data (n = 645 ACLRs) to evaluate the generalizability of the model.

Results: Patient age and ACL graft type were significant predictors of graft failure for all study surgeons. Patients in the age
group of 10 to 19 years had the highest percentage of graft failures. The odds of graft rupture with an allograft reconstruc-
tion are 4 times higher than those of autograft reconstructions. For each 10-year decrease in age, the odds of graft rupture
increase 2.3 times.

Conclusion: There is an increased risk of ACL graft rupture in patients who have undergone allograft reconstruction.
Younger patients also have an increased risk of ACL graft failure.

Clinical Relevance: Given these risks for ACL graft rupture, allograft ACLRs should be performed with caution in the
younger patient population.

Keywords: anterior cruciate ligament reconstruction; retear; allograft; autograft

econstruction of a torn anterior cruciate ligament (ACL) is | reconstruction (ACLR). Numerous studies and meta-analyses
a common procedure in active individuals.'3*% Tearing on hamstring and patellar tendon autograft ACLRs have been
an ACL graft is a devastating occurrence after ACL published, with average failure rates of 3.6% (95% confidence
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interval, 2.3%-5.3%).%” There has been a recent increase in the
use of allografts in ACLR due to their lack of harvest morbidity,
less traumatic surgical technique, decreased postoperative pain,
and easier early rehabilitation. Singhal et al recently reported a
23.1% risk of ACL soft tissue allograft failure.® A meta-analysis
of level 2 and 3 studies comparing primary patellar tendon
autograft and allograft ACLRs found 5.03 times higher odds

of graft rupture for patients after allograft reconstructions.'
Similarly, a meta-analysis of 20 studies by Prodromos et al
reported a 5% failure rate in autografts, compared with a 14%
failure rate in allografts (P < 0.01). Two systematic reviews
found more failures in allograft ACLRs; however, the limited
number of failures within the allograft group left these studies
underpowered, and they did not reach statistical significance
(P> 0.05).5"" In one of these reviews, no difference was
reported in the entire study group, but the authors did show

a statistically significant difference between patellar tendon
autografts and allografts, with the allograft group having a
higher failure risk." Thus, the prognostic question of whether
an allograft ACLR has an increased risk of failure versus an
autograft ACLR remains to be determined by either a large
prospective randomized trial or a prospective longitudinal
cohort with sufficient sample size, including failure events, to
provide the highest level of evidence. This analysis is needed to
facilitate decision making regarding graft choice for ACLR based
on individual patient-expected outcomes with major risk factors
(predictors) considered.

Proposed causes of ACLR graft failure include traumatic
overload, surgical technical error, infection, and failure of the
biological incorporation of the graft. The risk factors for ACLR
graft tear are largely unknown, most likely a result of the limited
number of failures within the prospective studies on allograft
ACLR. In 2 meta-analyses " the total number of failures was
too low to allow for adequate analysis of potential confounders
and risk factors. Identifying and quantifying the modifiable
risk factors or predictors of ACLR failure are necessary for 3
major reasons: (1) to assist the surgeon in choosing graft type
based on expected risk of retear, (2) to augment preoperative
counseling of patients on expected outcomes after ACLR
including risk of failure: (3) to spur efforts to mitigate, modify
or eliminate these risk factors for ACLR failure. These decisions
and discussions with patients should be based on a high level
of evidence from a prospective longitudinal cohort. Risk factors
associated with native ACL injury have been studied® but the
multivariable analysis of risk factors (ie, predictors) for rupture of
an ACL graft are relatively unexplored.

The MOON (Multicenter Orthopaedic Outcomes Network)
consortium began in 2002 and is a prospective longitudinal
cohort of ACLR outcomes. The overall multicenter prospective
cohort is designed to determine the independent predictors of
patient-reported outcomes, symptoms of arthritis, and predictors
of ACLR failure. The consortium captured > 95% of all ACLRs
performed by its surgeons, and it has an 85% 2-year validated
patient-reported outcome follow-up.

$References 1, 3,5, 9, 10, 14, 15, 23, 24, 30

To focus on the impact of graft choice (autograft vs allograft)
on the risk of ACLR graft rupture and minimize the impact
of potential intraoperative and postoperative confounders,
data from a single consortium surgeon were analyzed. The
results from the single-surgeon analysis were then compared
to the entire group to evaluate for generalizability of the
results. We hypothesized that several modifiable patient and
surgical variables were risk factors or predictors of graft
failure after ACLR, thereby identifying preoperative choices
for discussion before ACLR to reduce the risk of ACLR graft
failure.

METHODS

This multicenter research consortium consists of 6 academic
medical centers prospectively collecting patient demographic,
intra-articular findings, and surgical technique data on > 97%
of the ACLRs performed at their institutions, with > 80% 2-year
follow-up by patient questionnaire. The goal of the group

is to identify predictors of clinical outcomes after ACLR. A
further description of the data collected, inclusion criteria,
timing, and nature of patient follow-up for this prospective
longitudinal cohort has been delineated in a previous

study.®® By using data from a single surgeon—whose surgical
technique, postoperative rehabilitation protocol, and return-
to-play guidelines were identical for either graft choice—we
minimized many potential surgeon-driven confounders. Other
potential patient-driven confounders were analyzed as well,
such as age, sex, activity level, meniscus status, primary versus
revision, and body mass index. The decision of which graft

to use was made after discussion with the patient regarding
the risks and benefits of both options. The decision to use an
allograft was usually driven by the patient’s desire to avoid
graft harvest morbidity.

Based on 2-year follow-up data from patients enrolled in the
multicenter group by a single surgeon and then by the entire
group, a model predictive of ACL graft rupture was generated.
Using a single surgeon’s data to build the initial model allowed
control of potential confounders of surgical technique,
rehabilitation, and return-to-play guidelines. In the single-
surgeon cohort, identical surgical technique for placement and
fixation of the soft tissue grafts was used for autografts and
allografts. The autografts were quadrupled hamstring grafts,
and the allografts were tibialis grafts. Autograft and allograft
reconstructions underwent identical rehabilitation and return-
to-play protocols. After construction of a predictive model from
the single-surgeon data, data from the remainder of the group
were then used to validate the model. Summary statistics were
used to describe the demographic profile of the patients that
provided data for the model building.

Model Building

Data were evaluated from 281 patients enrolled in the study
from January 2002 through December 2003 and treated by a
single consortium surgeon. All patients had been contacted
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by phone at their 2-year postoperative follow-up and were
asked to fill out a questionnaire about the status of their
reconstructed knee.

The primary outcome measure for the study was ACL graft
tear, which was defined by a patient’s having undergone
an ACL revision reconstruction by the 2-year follow-up
questionnaire and confirmed by phone interview and operative
records. Patient characteristics—age, sex, Marx activity score
at the time of index tear (the Marx activity score is a 16-point
validated activity scale for athletic populations®), and body
mass index—surgical characteristics of graft type (allograft vs
autograft), primary or revision surgery, and meniscal pathology
were all considered variables that could influence the primary
outcome.

Multivariable logistic regression was calculated with STATA
9.0 (StataCorp LP, College Station, Texas) to determine if the
chosen variables were associated with our primary outcome:
ACL graft tear. A regression model was created using forward
selection. All variables were individually evaluated to
determine their association with graft failure. All significant
variables were then added to the model. Each variable was
then individually removed from the model, and the likelihood
ratio test was performed. This analysis involved comparing the
output of the model with and without the variable, using a chi-
square analysis. A significant likelihood ratio test indicates that
a variable adds significant information to the model and cannot
be removed. If the likelihood ratio test was not significant,
the variable tested was dropped from the model. Testing was
repeated until it was determined that the model contained the
fewest number of variables and was still predictive of the risk
of graft failure. Interactions between all the variables were
tested. Any significant interaction would then be added to the
model and the likelihood ratio test performed to determine if
it significantly improved the model. The point of this analysis
was to include any single variable or combination of variables
that produced a statistically significant effect on the model’s
predictive power. Assumptions, colinearity, and outliers were
tested and violations reported. Odds ratios and confidence
intervals were reported for the variables associated with our
outcome.

Model Validation

Validation testing was performed to confirm that the
predictors of failure for the single surgeon were the same
as for the entire group. To test the generalizability of

the single-surgeon model’s ability to predict our primary
outcome of ACL graft failure, we validated the model using
data from 645 patients of the other surgeons during the
same period. We evaluated the percentage change in the
coefficients between the single surgeon’s data and the rest
of the consortium surgeons’ data.”! The percentage change
in B coefficients between the single surgeon and the other
surgeons was used to identify variables associated with ACL
graft failure, and pooled odds ratios for those variables were
reported.

RESULTS
Model Building

Of 281 patients from the single surgeon, 22 sustained an

ACL graft rupture. In sum, 6 of 123 autograft reconstructions
(49%) and 16 of 158 allograft reconstructions (10.1%) reported
a graft rupture. Of the 8 variables evaluated, graft type and
age were significantly associated with our primary outcome:
ACL graft tear (Table 1). Marx activity score was also a
significant predictor of ACL graft tear but was not included

in the model-building process due to its colinearity with age.
Age was included in the model because it remains predictable
whereas Marx activity scores can increase or decrease over
time. The 6 variables not associated with ACL graft rupture
were individually added to the model, and a test for effect
modification demonstrated that none was an important
predictor of our outcome. Interactions among all the variables
were also tested, and none was found to be a significant
contributor to the model. All assumptions were tested, and no
assumptions were violated.

Based on the single surgeon’s data, the odds ratios for the
final model, predictive of the risk of graft rupture, included
age and graft type (Table 2). For the single surgeon’s data,
the odds of tearing an ACL graft for a patient who underwent
allograft ACLR was 2.84 times higher than for a patient who
had an autograft ACLR, regardless of age (P = 0.04). When
graft type is held constant, increasing a patient’s age by
10 years confers a 43% reduction in the odds of ACL graft
rupture (P < 0.01).

Model Validation

The descriptive statistics for both the single surgeon and

the rest of the surgeons are shown in Table 3. Of 645
patients (3.5%) from the other consortium surgeons, 23
reported an ACL graft rupture. In sum, 18 of 508 autograft
reconstructions (3.2%) and 5 of 77 allograft reconstructions
(6.5%) tore. These data from the other surgeons were placed
in the model from the single surgeon, and the difference in
the B coefficients was calculated (Table 4). The area under
the receiver operator characteristic curve for the other group
surgeons was 0.75, and the Hosmer-Lemeshow goodness of
fit test was not significant, thereby showing no lack of fit,
%*(8) = 10.23, P = 0.25. The area under the curve for the
single surgeon model was 0.72. The similarities in the curve
between both models demonstrate that the model built from
the single surgeon’s data was well validated by the larger
consortium cohort.

Pooled Results

Given the similarity of the models, data for the single surgeon
and the other surgeons were combined. In total, 24 of 691
patients with autograft reconstructions (3.5%) and 21 of 235
patients (8.9%) with allograft reconstructions reported a graft
failure (Figure 1). The highest percentage of graft tears was in
the 10- to 19-year age group (Figure 2). The odds of tearing an
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Table 1. Variables considered for inclusion in model building used to predict anterior cruciate ligament reconstruction failure.?

Variable n (%) B SE P
Graft type
Autograft 123 (43.8) 0.79 0.49 0.11
Allograft 158 (56.2)
Sex
Male 152 (54.1) -0.02 0.45 0.97
Female 129 (45.9)
Primary/revision
Primary 239 (85.1) 0.60 0.76 0.43
Revision 42 (14.9)

Medial meniscal tear

Yes 87 (31.0) -0.75 0.57 0.19

No 194 (69.0)

Lateral meniscal tear

Yes 94 (33.5) -0.32 0.50 0.54
No 187 (66.5)
Mean = SD
Body mass index 256+4.3 -0.10 0.06 0.09
Age, years 27.8+109 -0.07 0.03 0.01
Marx score 10.9 5.1 0.19 0.07 0.01

4Data from a single surgeon.

Table 2. Odds ratio from final model obtained during the model building stage used to predict anterior cruciate ligament
reconstruction failure.?

95% Confidence
Variable 0dds Ratio SE P Interval
Graft type 2.84 1.46 0.04 1.03,7.80
Age 0.92 0.03 <0.01 0.87,0.97

4Data from a single surgeon.

allograft ACLR were 4 times (95% confidence interval,
2.08 to 7.60) higher than the odds of a patient tearing an
autograft ACLR, holding age constant (Table 5). Across the

entire cohort, the odds of a patient tearing an ACL graft in
comparison to a patient 10 years older is 2.3 times higher,
controlling for graft type (Table 5). Figure 3 demonstrates the
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Table 3. Descriptive statistics for the single surgeon and the other consortium surgeons.

n (%)
Single Surgeon Consortium Surgeons

Sex

Male 152 (54.1) 363 (56.3) 515 (55.6)

Female 129 (45.9) 282 (43.7) 411 (44.4)
Primary/revision

Primary 239 (85.1) 592 (91.8) 831 (89.7)

Revision 42 (14.9) 53(8.2) 95 (10.3)
Graft type

Autograft 123 (43.8) 568 (88.1) 691 (74.6)

Allograft 158 (56.2) 77 (11.9) 235 (25.4)

Mean = SD

Age, years 27.8+109 26.0+109 26.6 £10.9
Marx score 109 +5.1 11.3+5.3 112+53

Table 4. Comparison of the B coefficients between the model-building and model validation data sets.

Consortium Single Surgeon
B (SE) B (SE) Difference, %
Age -0.09 (0.02) < 0.01 -0.08 (0.03) < 0.01 11.1
Graft type 1.38(0.33) < 0.01 1.05 (0.51) 0.04 23.9
104 9 82
9 81 —=
s »
7 . X
g 6 B a5
25 . N
; 4 & 3 \
31 ) SR :
2 1 k‘
14 0 . : - \ B e
0+ ] 10to19 20to29 30to39 40to49 50to59 60to69
Autograft Allograft Age groups (years)
Figure 1. Percentage of graft failures by graft type for the Figure 2. Percentage of graft failures by age groups for the
combined consortium cohort. combined consortium cohort.
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Table 5. Odds ratios for entire consortium cohort.

0dds Ratio SE V4 P 95% Confidence Interval
Graft type: allograft 3.97 1.32 417 < 0.01 2.08,7.60
Age: 10-year increase 0.40 0.22 -4.04 <0.01 0.26,0.63

10 15 20 25
L N s L

Percent Risk of Failure

5
'

T
10 20 a0 40 50 &0
Age (years)

[-——-- Autograft Allogratt |

Figure 3. Probability of retear (in percentages on vertical
axis) for autograft versus allograft by age for the combined
consortium cohort.

impact of age on the risk of graft tear between autografts and
allografts.

With this definition of failure and without enough numbers
to further subdivide the allograft types and processing, the
analysis of the pooled characteristics results in the following
model:

P=1 / (1 + e—(—lfﬁ +[-0.09 (age)l +(1.38 (ullogmfr)ll)

The following are 2 clinical examples of the above equation:
A 14-year-old with an allograft ACLR has a 22.0% chance of
retearing the ACL; the same 14-year-old with an autograft ACLR
has a 6.6% chance of retear. A 40-year-old with an autograft
ACLR has a 0.0% chance of retear; the same 40-year-old with
an allograft ACLR has a 2.6% chance of retear.

DISCUSSION

The aim of this study was to evaluate the influence of graft
choice (autograft vs allograft) on the risk of tearing an

ACLR graft and to identify other patient or surgical variables
associated with subsequent failure of ACL grafts. A logistic
regression model was developed using a single surgeon’s data
that included a similar amount of autografts and allografts

for primary ACLRs. Within the single-surgeon cohort, the

same operative technique, graft fixation, postoperative
rehabilitation, and return-to-play guidelines were used
regardless of graft source, thus eliminating the potential that
these surgical and rehabilitation variables could influence
the primary outcome of ACL graft rupture. According to
multivariable regression for the single-surgeon data, age and
graft type (allograft) were both associated with an increased
risk of ACL graft rupture. Patient characteristics (sex, body
mass index) and surgical characteristics (revision ACL surgery
and meniscal pathology) were not associated with ACL graft
rupture.

Data for the entire group of surgeons were analyzed using
the logistic regression model created from the single surgeon’s
data. Age and graft type remained significant risk factors or
predictors of ACL graft rupture. Marx activity score at index
injury was found to be a significant predictor of ACL graft
rupture but was also found to be closely related to age and
therefore not included in the model. Unlike the single-surgeon
cohort, the multicenter cohort used varied graft types and
fixation techniques, but the single-surgeon model was found to
be generalizable to the larger group.

The consortium chose the Marx activity scale” because it
was designed to measure patient activity level instead of health
status or knee function. The Marx score has been shown
to positively correlate with patient activity and returning to
pivoting sports and inversely with age.** Even though the
Marx score is a validated measure of activity, it was not chosen
to be included in the model. Marx score can change over time.
The Marx score chosen for this study was that at the time of
index injury. We do not know if the patients who tore their
ACL graft returned to the same level of activity at a different
rate compared to those who did not tear their ACL graft, but
an analysis of the MOON data by Dunn et al® showed that
the strongest predictor of return to activity after ACLR was the
Marx score at time of index injury.

A statistically significant increase in ACL graft ruptures was
found in younger patients. The highest percentage (37.5%) of
ACLR graft failures in the consortium cohort was in the 10- to
19-year age group. The risk of ACL graft tear for this youngest
age group was 2.33 times higher than their peers who were
10 years older, controlling for graft type. Our analysis showed
that the risk of graft retear fell approximately in half for each
10-year increase in age. Shelbourne et al showed a similar
relationship between age and risk of graft retear.**' Patient age
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is likely a proxy for activity level in patients with ACL injuries
and graft failures. The inverse relationship between the Marx
activity score and age has been demonstrated® after ACLR.

Female patients have been shown to have a higher likelihood
of sustaining a primary ACL injury.>*" Salmon et al* reported
no sex difference in the risk of ACL graft failure or contralateral
ACL injury. In a prospective cohort of 1820 patients,
Shelbourne showed that female patients had an increased risk
of tearing the contralateral ACL but no increased risk of ACL
graft failure® Others have also found no sex differences in
the risk of graft failure after ACLR with bone—patellar tendon—
bone autograft.*1*% In this study, sex was not a predictor of
ACL graft failure. To the contrary, Stevenson et al, in a survey
of Alpine skiers with a 40% response rate, showed increased
ACL graft retears in female patients that did not reach statistical
significance, and Noojin et al, in a series of 65 ACLR patients,
showed female patients to have a higher retear rate.** That
sex is a risk factor for native ACL tears but possibly not for ACL
graft tears warrants further investigation.

Patients in this study who had an allograft reconstruction
were 4 times more likely to tear their ACL graft than those
who underwent autograft reconstruction. The data used in
the model to generate this increased risk of failure came
from all consortium surgeons and included tibialis anterior,
tibialis posterior, Achilles tendon, and bone—patellar tendon-
bone allografts. The choice of which allograft and fixation
method to use was made by each surgeon and patient. Several
individual studies have reported a similar risk of failure for
bone—patellar tendon-bone autografts and allografts, but all
were underpowered 161719263 One meta-analysis found a
significantly higher failure rate (P < .0.04) between allograft
versus autograft, but the limited number of failures within
the allograft sample precluded risk factor identification." In a
retrospective case series review of primary ACLRs using tibialis
anterior allograft, Singhal et al*® reported a 23.1% risk of graft
failure. Two groups of patients were created, younger and
older than 25 years, 35% and 13% of whom required revision
ACLR, respectively. Given the higher risk of ACL graft failure in
the younger group, these authors did not recommend the use
of tibialis anterior allograft in patients younger than 25 years.
In this study, the use of allograft in younger patients increased
the absolute rate difference of graft failure between autograft
and allograft. Figure 3 can be used to make clinical decisions
by placing a mark at the patient’s age and then taking the
absolute difference between the autograft and allograft as
the expected difference in failures. For example, the absolute
differences by age are as follows: 14 years, 15%); 18 years,

13%; 22 years, 9%; 30 years, 4%; and 40 years, 2%. If you
now choose autograft ACLR rather than allograft, the expected
number of ACLR graft failures prevented can be predicted

by dividing 100 by the absolute rate difference from Figure

3 (also called the number needed to treat). For each age, the
number of autograft ACLRs performed to prevent one failure is
as follows: 14 years, 7 ACLRs; 18 years, 8 ACLRs; 22 years, 11

ACLRs; 30 years, 25 ACLRs; 40 years, 50 ACLRs. Thus, either
the absolute difference or the number needed to treat can be
discussed with the patient and factored into the overall risks
and benefits of ACLR graft choice.

Scheffler et al** evaluated the biological incorporation
and mechanical properties of allografts and autografts in a
sheep model. They found that allografts incorporated more
slowly than autografts at 6 and 12 weeks, with this difference
decreasing at 52 weeks. That allograft ACLR patients have a
quicker postoperative rehabilitation course and diminished
pain compared to patients with autografts may lead the former
to return to high level of activity earlier than the latter and
before sufficient biological healing of the graft,”” which may
place allograft ACLR at a higher risk of retear. In this cohort,
it is possible that although the return-to-play guidelines were
identical, the allograft ACLRs may have achieved a higher
activity level sooner than the autograft ACLRs. Shino et al®®
reported a 3% risk of ACL graft failure for soft tissue allografts
after allowing patients to return to sports at 12 months. Singhal
et al® commented that their postoperative protocol of release
to sport at 4 months could have been a driver of increased
risk of graft failure given the increased time needed for tendon
graft incorporation.” In this study, all patients followed a
similar postoperative protocol and were released to sports
at 4 to 6 months postreconstruction if they had achieved the
following criteria: no functional complaints; confidence when
running, cutting, jumping at full speed; and at least 85%
contralateral values on hop tests. Patients who underwent
allograft reconstruction were 4 times more likely to tear their
ACL graft, holding age constant.

Allograft type and processing may also influence risk of
retear. Rappe et al® reported a statistically higher risk of failure
for irradiated Achilles allograft (33.0%) versus nonirradiated
Achilles allograft (2.4%). Krych et al® performed a meta-
analysis demonstrating that irradiation and chemical processing
may place allografts at increased risk of failure. The focus of
this study was to evaluate the risk of graft failure between
allograft and autograft tissue; thus, we did not evaluate the
effect of allograft processing. Due to the large number of
potential variables regarding allografts, such as type, donor
characteristics, and processing techniques, a much larger
number of allograft failures would be needed for a logistic
regression. The allografts in this study were predominantly
fresh frozen, without proprietary processing, and were
nonirradiated or irradiated less than 2.5 mRad. In an ad hoc
analysis, we could not identify tissue bank, allograft type, or
processing (eg, irradiation status) as a significant variable for
allograft retear. Future studies will be completed to determine
the contributions of allograft tissue—processing details and age
or sex of donor on the risk of failure.

The choice of graft type was driven by patient choice and not
randomly assigned. This possible source of bias with respect
to age, sex, and activity level is addressed by the multivariate
regression analysis, which controlled for these variables. This
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lack of randomization does not account for any other unknown
confounders.

Graft failure in this study was defined as that which went
on to a revision ACLR within 2 years of primary ACLR. This
definition does not include patients who may have torn their
grafts but chose to modify their activities and not undergo a
revision ACLR, those who tore greater than 2 years after their
primary ACLR, and those with stretching of the graft with
laxity on exam but personal satisfaction with functional result.
Thus, this definition underestimates the number of failures that
occurred, but it does represent the most clinically meaningful
failures from the patient’s perspective.

The single-surgeon cohort had identical postoperative
rehabilitation and return-to-activity guidelines. The activity
level analyzed in this study was the Marx score at time of
index injury. This measure has been shown to be the strongest
preoperative predictor of the level of activity to which patients
returned after ACLR.® Thus, by controlling for the Marx score
at index injury, the postoperative activity as a confounder
has been evaluated. The guidelines for release to full activity
were the same. Unfortunately, what was not evaluated was
when the patients actually returned to high activity. This
study did not evaluate whether a longer time before return
to activity influences failure rates, thereby warranting further
investigation. Future efforts to analyze the time interval of graft
rupture after ACLR, the graft rupture in relation to allograft
tissue type and processing, the extent and time frame of the
biological incorporation of grafts, and the activity level at the
time of graft failure would provide additional insight into risk
factors for ACL graft ruptures. A more complete identification
and quantification of the predictors of ACLR graft tear would
be beneficial in counseling patients who are contemplating
ACLR; it would aid surgeons in preoperative planning; and it
would facilitate efforts to minimize repeat ACL injuries.

This prospective longitudinal cohort study demonstrates
that the risk of ACL graft rupture is higher for patients who
undergo allograft reconstruction. The risk of graft failure is
also higher for younger patients. The clinical relevance for
graft choice by age between allograft versus autograft is best
shown in Figure 3. The absolute rate difference between the
2 grafts at a given age can be discussed with patients, and for
surgeons, the number needed to treat is relevant to avoid the
graft failure experienced in their practice.

Given that further investigation into allograft type and
processing, as well as the time interval to return to full activity,
may influence outcomes, allograft ACLRs should be performed
with caution in the younger population, with the decision
being made with an understanding of the available evidence.
Analysis of number needed to treat shows that in older
patients, allograft use is less of a concern.
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