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Background: Female patients tend to suffer a greater risk of reinjury and worse patient-reported outcome measures (PROMs)
after anterior cruciate ligament reconstruction (ACLR) than male patients, regardless of the graft type used.

Purpose/Hypothesis: This study explored the role of donor-recipient sex mismatching to help explain these sex-based dispar-
ities in outcomes after ACLR with an allograft. The hypothesis was that allograft donor-recipient sex mismatch would adversely
affect surgical outcomes at a 2-year follow-up, with male-to-female graft donations yielding the lowest rates of success.

Study Design: Cohort study; Level of evidence, 3.

Methods: Patients who underwent primary ACLR with an allograft between 2012 and 2022 were eligible for recruitment. The fol-
lowing PROMs were collected from baseline through a 2-year follow-up: Knee injury and Osteoarthritis Outcome Score sub-
scales, Marx activity rating scale, visual analog scale for pain, and Veterans RAND 12-Item Health Survey. Demographic and
graft-specific variables were also collected. Sex-matched cases were compared with sex-mismatched cases and an identical
subgroup analysis was performed for female patients only.

Results: Of the 112 included patients (N = 70 women), 59 (52.7%) were sex mismatched. The mean patient age was 40.7 6 10.9
years, and the mean body mass index was 26.8 6 4.7 kg/m2. Most reconstructions (89.3%) used a semitendinosus tendon graft,
with a mean implanted graft diameter of 9.7 6 0.5 mm (quadrupled). Of the mismatched cases, 96.6% involved a male allograft
donated to female recipients. Overall, the matched group demonstrated higher PROM scores across all time points compared
with the mismatched group, although statistical significance was only reached for the Marx score at baseline (P = .012) and 1
year postoperatively (P = .022). In the female-only subgroup analysis, a larger graft diameter was measured in the mismatched
cases (receiving male allografts) compared with the matched female cases (9.7 6 0.6 vs 9.2 6 0.4 mm, respectively; P = .002).
Moreover, the mismatched cases tended to report better postoperative PROM scores, although this trend was not statistically
significant.

Conclusion: The study findings indicated that male donors provided larger allografts than female donors, and that donor-
recipient allograft sex matching did not contribute significantly to ACLR outcomes. Other factors may be more important to out-
comes in female patients.
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The anterior cruciate ligament (ACL) is a commonly
injured ligament with an annual incidence of rupture

that has been growing over the past 20 years.4,13,36 Conse-
quently, outpatient ACL reconstructions (ACLRs) have
seen a corresponding rise in incidence, with 1 recent
study13 reporting a 19% increase in procedures from 2002
to 2014. In 2016, the incidence of isolated ACL tears in
the United States was reported at 68.6 per 100,000
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person-years with worldwide estimates climbing as high as
78 per 100,000 person-years.36 When stratified by sub-
group, there is an abundance of literature supporting a pos-
itive association between an increased risk of ACL rupture
and participation in cutting/pivoting sports, increasing lev-
els of athletic competition, and female sex. §Most notably,
it is widely recognized2,4,13,15,31,33,35 that the risk of ACL
injuries peaks among young female athletes, with female-
to-male ACL tear ratios ranging from 3-to-1 to 9-to-1.These
injuries pose significant concerns for female athletes
because of the physical, psychological, temporal, and finan-
cial challenges they face in returning to play after surgery.
Moreover, the uneven risk of rerupture, lower self-reported
outcomes, and the established association between ACLR
and posttraumatic osteoarthritis underscore the impor-
tance of identifying specific variables predisposing women
to worse postoperative outcomes.7,13,22,29,35,40

The risk factors implicated in the male-female disparity
of ACL injuries and ACLR outcomes include intrinsic and
extrinsic variables—such as intercondylar notch width,
native ACL size, shoe-surface interaction, dynamic knee
valgus, and female quadriceps dominance.15,21,22,33,40 In
addition, since most ACL tears2,15 (~70%) occur in noncon-
tact settings, significant efforts have been allocated to man-
aging modifiable risk factors, from incorporating
neuromuscular training and promoting proper biomechan-
ics2,14-16,28,33,46 to the use of a larger graft size in ACLRs
with an allograft.22 These are compelling elements for sur-
geons to consider when performing ACLRs on women com-
pared to men; however, they alone have not yet proven to be
causative of the observed sex discrepancy in outcomes. This
would suggest that there are still more factors to consider.

Other such considerations that have not been well stud-
ied are allograft- and donor-related characteristics in
ACLR. While graft data—such as size, age, storage meth-
ods, sterilization techniques, and tissue type—have proven
relevant to ACLR outcomes,5,12,17,19,34,41,42 recent work has
explored donor characteristics further in osteochondral
allograft (OCA) transplantation. A 2022 study by Merkely
et al27 found that a sex mismatch between OCA donor and
recipient had a significantly negative effect on 5-year sur-
vivorship of the grafts and surgical outcomes. Importantly,
grafts failed more often when a sex mismatch was present
(63% vs 92%; P = .02) and outcomes were worse when male
donor tissue was transplanted into a female recipient27

(P \ .04). These results correspond with conventional
knowledge about the role of donor-recipient sex mismatch
in solid organ transplantation as a source of adverse

outcomes. Such findings have been reported in lung, heart,
pancreas, kidney, and liver transplantation, and there are
data to support a similar role of sex mismatch in orthopae-
dic surgery.27

While the pathophysiological mechanism through which
donor-recipient sex mismatch leads to failures of OCA
transplants is not well understood, numerous theories
exist. Potential catalysts for an adverse autoimmune reac-
tion in transplantation include histocompatibility dis-
agreement, increased immunologic expression during
pregnancy, differing hormonal profiles, and gross anatomic
differences.27 In the case of OCA transplantation, anti-
human leukocyte antigen antibodies have also been shown
to develop after implantation.9,18,27,39 Ultimately, the
nature of the sex disparity in ACLR outcomes is multifac-
torial and given the evidence demonstrating that a donor-
recipient sex mismatch can affect the outcomes of various
procedures in transplantation medicine, we believe this
may also be relevant to ACL allografts.

This study aimed to explore the potential role of donor-
recipient sex mismatching in allografts used for ACLR and
to offer descriptive data on the donor allografts used in
patients who had ACLR. We hypothesized that the pres-
ence of a donor-recipient sex mismatch would adversely
affect surgical outcomes at a minimum follow-up of 2 years,
with male-to-female graft donations yielding the lowest
rates of success.

METHODS

Patient Recruitment and Variable Collection

This retrospective study of prospectively collected data was
performed after receiving approval for the study protocol
from our institutional review board. The hospital informa-
tion technology-approved and Health Information Portabil-
ity and Accountability Act–compliant Surgical Outcome
System database was used for all electronic consenting and
data collection. The Surgical Outcome System database
(Arthrex), a global registry database, provided complete pre-
operative baseline data for all patients who underwent ACLR
with our senior author (E.G.M.), a sport-medicine fellowship-
trained surgeon, between 2012 and 2022. All patients who
had undergone ACLR with an allograft and had a minimum
follow-up of 2 years were initially considered eligible for
inclusion. Patients were excluded in the case of ACLR revi-
sion, combined ligament injuries requiring additional liga-
ment reconstruction, or coronal malalignment of the lower
limb (eg, varus or valgus deformity exceeding 3� as assessed
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by long-leg standing radiographs) that required corrective
osteotomy. Subsequently, patients with missing responses
on patient-reported outcome measures (PROMs) were also
excluded.

Demographic variables collected for each patient
included age, sex, body mass index (BMI), limb laterality,
presence of concomitant injuries, and concomitant proce-
dures performed. PROMs— including the Knee injury
and Osteoarthritis Outcome Score (KOOS) subscales,
Marx activity rating scale, visual analog scale (VAS) for
pain, and Veterans RAND 12-Item Health Survey (VR-
12)—were collected preoperatively and at 1 and 2 years
postoperatively.

A total of 175 patients underwent ACLR using allog-
rafts during the specified time frame. Of these, 62 were
excluded because of incomplete PROMs at either the pre-
or postoperative timepoints. Consequently, 112 patients
were eligible for analysis (65% follow-up) (Figure 1).

Graft- and Donor-Specific Variables

The serial number and expiration date of each allograft
used in the included ACLRs were collected from patient
records and used to obtain all donor- and graft-specific var-
iables, which were provided by our institution’s graft sup-
pliers LifeNet Transplant Services and Joint Restoration
Foundation. Graft-specific variables that were collected
included tissue type, harvested allograft diameter, har-
vested allograft length, aseptic preparation, date har-
vested, and expiration date. The implanted allograft
diameter was also recorded in our data collection system.
Donor-specific variables included sex, age, race, height,
and weight. Other variables, including the medical comor-
bidities of donors, were unavailable upon request.

Statistical Analysis

While all prospective data collection was completed before
this investigation was conceived, an a priori power analy-
sis was performed before its initiation to determine the
minimum number of patients required to achieve a power
of 80% (G*Power software; Version 3.1.9.6). Using an
alpha of .05, the projected sample size needed to detect

a moderate effect from donor-recipient sex mismatch was
found to be 74 patients (37 per group), considering the min-
imal clinically important difference for the KOOS sub-
scales of 10 points,44 with a standard deviation of 15
points. The overall cohort was then separated into 2
groups—same donor-recipient sex versus sex mismatched—
and compared.

Continuous variables—such as age, graft length, and
graft diameter—were reported using means and standard
deviations, while categorical variables—such as sex, race,
and aseptic preparation—were reported with frequencies
and percentages. A Shapiro-Wilk test was used to assess
the normality of the numerical variables. All patients
were then stratified into matched (man-to-man, woman-
to-woman) and mismatched (man-to-woman, woman-to-
man) donor-recipient sex groups; and the groups were com-
pared across demographic characteristics, PROM scores,
and graft-specific variables using independent-samples t
tests or Mann-Whitney U tests, as indicated. An identical
subgroup analysis of only female patients was also per-
formed. Statistical significance was considered as P \
.05. SPSS Version 28.0 (IBM Corp) was used to perform
all statistical analyses.

RESULTS

Of the 112 patients included in the analysis, 62.5% (N = 70)
were women. The mean age of patients was 40.7 6 10.9
years (range, 16-66 years), with a mean BMI of 26.8 6 4.7
kg/m2 (range, 19.4-46.5 kg/m2). The mean age of donors
was 45.7 6 10.2 years (range, 14-62 years). Of note, 8
(7.1%) patients were smokers, and 1 (0.9%) had diabetes.
When comparing demographic profiles, the mean BMI of
the matched group was greater (P = .003) and included
more male patients (P \ .001) than the mismatched group
(Table 1).

Pooled Allograft Data

For the original 175 patients who met the inclusion crite-
ria, LifeNet Transplant Services provided data for 170 of
the grafts, while the Joint Restoration Foundation

Figure 1. A flowchart of the included patients. ACLR, anterior cruciate ligament reconstruction; PROMs, patient-reported out-
come measures.
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provided data for the remaining 5 grafts. Among those
from LifeNet, 150 (88.2%) were harvested from male
donors, with a mean age of 45.9 6 9.8 years (range, 14-
65 years), a mean height of 5.87 6 0.3 feet/178.92 6 9.14
cm (range, 5.08-6.75 feet/154.842205.74 cm), and a mean
weight of 213.1 6 48.4 pounds/96.66 kg 6 21.95 kg (range,
119-351 pounds/53.982159.21 kg). Within those 170 ten-
dons, 150 (88.2%) were semitendinosus tendons, 13
(7.6%) anterior tibialis tendons, 4 (2.4%) posterior tibialis
tendons, 2 (1.2%) gracilis tendons, and 1 (0.6%) was
a bisected patellar tendon. With regard to race, 131
(77.1%) donors identified as White, 32 (18.8%) as Black, 4
(0.02%) as Hispanic, and 3 (1.8%) as other. All allografts
were terminally sterilized using low-dose gamma irradia-
tion. Among the grafts provided by the Joint Restoration
Foundation, all 5 were a semitendinosus tendon harvested
from male donors, with a mean age of 54.2 6 2.8 years
(range, 51-57 years). Height, weight, race, and sterilization
techniques were not provided for these grafts.

Implanted Allografts in the Final Patient Cohort

In the final cohort (N = 112), most reconstructions used
a semitendinosus tendon allograft (100; 89.3%), while the
remaining 11 (9.8%) used a posterior tibial tendon allo-
graft. This relationship did not change from the matched

to the mismatch groups. Among those implanted, the har-
vested allograft diameter was 6.8 6 0.7 mm; the harvested
allograft diameter was significantly larger in male donors
(6.9 6 0.7 mm) compared with female donors (6.6 6 0.7
mm) (P \ .026). The harvested allograft length was 279.5
6 16.7 mm (range, 240-330 mm) and did not vary signifi-
cantly between male (280.2 6 16.0 mm) and female (270
6 18.1 mm) donors. The mean implanted (quadrupled)
graft diameter was 9.7 6 0.5 mm (range, 9-11 mm), and
there were no significant differences in the size used for
donor-recipient sex-matched versus mismatched patients
(9.6 6 0.5 vs 9.7 6 0.4 mm, respectively; P = .166). The
mean time to implant (harvest date to surgical date) was
263 days. Overall, 59 (52.7%) cases included donor-
recipient allograft sex mismatch, 57 (96.6%) of which
involved a male allograft donated to female recipients.
Only 2 cases (3.4%) involved a female donor to a male
recipient. A summary of donor allograft characteristics is
found in Table 2.

Women-Only Subgroup Analysis

The subgroup analysis captured 70 female patients with
a mean age of 42.3 6 11.7 years (range, 16-66 years) and
a mean BMI of 25.7 6 4.3 kg/m2 (range, 19.4-37.7 kg/m2).
Among the female patients, 2 (2.9%) smoked, and none

TABLE 1
Pooled Patient Characteristics Overall and by Study Groupa

All (N = 112) Matched (N = 53; 47.3%) Mismatched (N = 59; 52.7%) P

Age, y 40.7 6 10.9 37.8 6 10.7 41.7 6 11.6 .068
BMI, kg/m2 26.8 6 4.7 28.2 6 5.1 25.7 6 4.2 .003
Sex, female/male, n 70/42 40/13 57/2 \.001
Smoker 8 (7.1) 6 (11.3) 2 (3.4) .146
Diabetic 1 (0.9) 1 (1.9) 0 (0) .473
Implanted graft diameter, mm 9.7 6 0.5 9.6 6 0.5 9.7 6 0.4 .166
Type of graft ..999

Semitendinosus tendon 100 (89.3) 47 (88.7) 53 (89.8)
Tibialis 11 (9.8) 5 (11.3) 6 (10.2)

Concomitant procedures
Meniscus repair 38 (25) 18 (34) 20 (33.9) ..999
Meniscectomy 31 (27.7) 19 (35.8) 12 (20.3) .090
Chondroplasty 54 (48.2) 22 (41.5) 32 (54.2) .286
Microfracture 1 (0.9) 1 (1.9) 0 (0) .469

aData are presented as mean 6 SD or n (%) unless otherwise indicated. Bold P values indicate statistically significant differences between
the matched and mismatched groups (P \ .05). BMI, body mass index.

TABLE 2
Allograft Characteristics Before Surgerya

All Donors (N = 112) Men (N = 98; 87.5%) Women (N = 14; 12.5%) P

Donor age, y 45.7 6 10.2 45.6 6 10.1 44.3 6 11.3 .276
Allograft diameter (double strand), mm 6.8 6 0.7 6.9 6 0.7 6.6 6 0.7 .026
Allograft graft length (stretched), mm 279.5 6 16.7 280.2 6 16 270 6 18.1 .055

aData are presented as mean 6 SD. The bold P value indicates a statistically significant difference between sexes (P \ .05).
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had diabetes. As in the pooled cohort, the demographic pro-
files of matched versus mismatched patients were similar.
Most reconstructions again used a semitendinosus tendon
allograft (63; 90%), while the remaining 7 (10%) used a pos-
terior tibial tendon allograft. This relationship did not
change from the matched to the mismatched groups.
Most cases in this cohort involved a donor-recipient allo-
graft sex mismatch (57; 81.4%), and the mean implanted
(quadrupled) graft diameter was 9.7 6 0.5 mm (range, 9-
10 mm), which was significantly larger in the mismatched
group versus the matched group (9.2 6 0.4 vs 9.7 6 0.6
mm; P = .002). The patient and graft characteristics are
summarized in Table 3.

Patient-Reported Outcome Measures

Compared with the mismatched group, the Marx score was
significantly higher in the matched group at baseline (P =
.012) and at 1-year postoperatively (P = .022). PROM
scores overall also tended to be better at all time points
in the matched group, but not significantly (Figure 2 and

Table 4). No other statistically significant differences
were noted through 2 years postoperative. In the female-
only subgroup analysis, those who received male allografts
(mismatched) tended to have better postoperative PROM
scores, but without statistical significance (Table 5). Inter-
estingly, this was also the group whose implanted allograft
diameter was larger on average.

Complications

Two episodes of graft failure (1.8%) occurred during the
follow-up period. Furthermore, 3 cases of arthrofibrosis
were reported, with 2 of them necessitating arthroscopic
debridement for scar tissue lysis.

DISCUSSION

The primary findings of this study demonstrated that
donor-recipient sex matching of allografts in ACLR did
not significantly affect surgical outcomes over a 2-year

TABLE 3
Patient and Graft Characteristics for the Women-Only Cohorta

All Women (N = 70) Matched (N = 13; 18.6%) Mismatched (N = 57; 81.4%) P

Age, y 42.3 6 11.7 37 6 15.4 41.2 6 12.1 .281
BMI, kg/m2 25.7 6 4.3 26.2 6 5.6 25.6 6 4.1 .894
Smoker 2 (2.9) 0 (0) 2 (3.5) ..999
Diabetic 0 (0) 0 (0) 0 (0) ..999
Implanted graft diameter, mm 9.7 6 0.5 9.2 6 0.4 9.7 6 0.6 .002
Type of graft ..999

Semitendinosus tendon 63 (90) 12 (92.3) 51 (89.5)
Tibialis 7 (10) 1 (7.7) 6 (10.5)

aData are presented as mean 6 SD or n (%). The bold P value indicates a statistically significant difference between the matched and
mismatched groups (P \ .05).

Figure 2. Visual representation of PROM scores between the matched and mismatched groups. *Significantly better Marx
scores were seen in the matched group versus the mismatched group at baseline and 1 year postoperatively. ADL, activities
of daily living; KOOS, Knee injury and Osteoarthritis Outcome Score; PROM, patient-reported outcome measure; QoL, quality
of life; Rec, recreation; VAS, visual analog scale.
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interval. While mean Marx scores were greater at baseline
and at 1 year postoperatively in the sex-matched group
(P \ .05 for both), there were no statistically significant
differences on any other PROMs between the matched
and mismatched cohorts. In contrast, results of the
women-only subgroup analysis demonstrated that the mis-
matched group who received male allografts had generally
better PROM scores postoperatively, although the differ-
ence was not statistically significant. Despite previous
studies in transplant medicine identifying poorer outcomes
in donor-recipient sex mismatched cases27,32,37,45 this
investigation demonstrated that sex mismatching of allog-
rafts in ACLR did not significantly affect the surgical out-
comes of male or female patients when compared with sex
matching, thereby contradicting our initial hypothesis that
a difference would manifest.

In contrast to a recent study demonstrating inferior out-
comes in sex-mismatched OCA transplant cases,27 the
results of this analysis have shown this not to be the
case for allografts in ACLR using allografts. Not only did
4 out of the 5 included PROMs fail to demonstrate a signif-
icant difference in the matched versus mismatched groups,
but the 2 significant observations that did manifest in the
Marx scores of the pooled cohort did not remain at 2 years
postoperatively. This may have been the result of a baseline
difference persisting through the 1-year postoperative
mark until progress made through individual healing
and physical rehabilitation leveled out across patients at
2 years postoperatively. In addition, the Marx is scored
on a 5-point Likert scale (range, 0-4, with 4 being the high-
est) and assesses only 4 items—running, cutting, decelera-
tion, and pivoting.25 Therefore, a 1-point difference

TABLE 4
Results of PROM Overall and by Study Groupa

All (N = 112) Matched (N = 53) Mismatched (N = 59) P

VAS pain
Preop 3.2 6 2.3 2.9 6 2.0 3.2 6 2.2 .610
1-year postop 1.2 6 1.9 1.2 6 1.6 1.7 6 2.6 .252
2 years postop 1.3 6 2.1 1.4 6 2.2 1.4 6 2.1 .958

Marx
Preop 9.5 6 4.9 9.9 6 4.7 7.5 6 5.1 .012
1-year postop 6.7 6 5.1 7.1 6 5.5 4.1 6 4 .022
2 years postop 7.6 6 4.9 8 6 5 5.7 6 5 .071

KOOS-Pain
Preop 57.5 6 17.6 59.6 6 16.5 60.3 6 19.1 .843
1-year postop 86.8 6 11.5 86 6 12.4 85.9 6 11.8 .821
2 years postop 88.5 6 11 89.9 6 10.9 86 6 12.5 .196

KOOS-Symptoms
Preop 52.3 6 19.9 55 6 18.9 51.7 6 18.4 .381
1-year postop 77.9 6 14.5 77.8 6 15.3 77.2 6 15.2 .892
2 years postop 80.1 6 12.8 82.5 6 12.6 77.9 6 12.9 .171

KOOS-ADL
Preop 65.8 6 18 69.2 6 16.8 65.6 6 19.3 .317
1-year postop 92.6 6 9.3 92.5 6 8.6 91.8 6 9.8 .656
2 years postop 94.9 6 7.4 94.9 6 .4 93.2 6 8.4 .085

KOOS-Sport/Rec
Preop 26.5 6 24.1 26.9 6 24.1 25.1 6 26.1 .524
1-year postop 69.9 6 24.2 70.9 6 23.6 68.6 6 25.5 .686
2 years postop 77.2 6 21.8 81.4 6 19.7 71.5 6 24.2 .084

KOOS-QoL
Preop 24.7 6 16.7 30.6 6 15.8 21.2 6 18.5 .300
1-year postop 65.1 6 19.3 62.8 6 19.5 64.2 6 20.3 .759
2 years postop 71.2 6 19.1 73.2 6 18.3 67.6 6 20.6 .288

VR-12 Physical
Preop 33.3 6 10.7 32.0 6 10.3 36.2 6 9.1 .032
1-year postop 49.9 6 7.6 48.7 6 8.8 49 6 6.9 .658
2 years postop 51.6 6 7 52 6 6.3 50.9 6 7.7 .682

VR-12 Mental
Preop 53.6 6 9.3 54.8 6 8.5 51.1 6 11.3 .057
1-year postop 55.6 6 8.2 54.1 6 7.6 56.6 6 7.9 .082
2 years postop 54.8 6 8.5 54.1 6 9 56 6 7.6 .218

aData are presented as mean 6 SD or n (%). Bold P values indicate statistically significant differences between the matched and mis-
matched groups (P\ .05). ADL, activities of daily living; KOOS, Knee injury and Osteoarthritis Outcome Score; postop, postoperative; preop,
preoperative; PROM, patient-reported outcome measure; QoL, quality of life; Rec, recreation; VAS, visual analog scale; VR, Veterans RAND.
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equates to a 20% change in score and could explain why
Marx was more likely to produce a significant difference
compared with other multidimensional PROMs that were
used, such as the 42-item KOOS subscales.

Meanwhile, in the analysis of female patients, most of
the cases involved a donor-recipient sex mismatch. Our
allografts were ordered based on diameter size and length
supported by previous evidence, demonstrating that an
increased hamstring tendon autograft size results in
improved PROMs and lower revision rates in primary
ACLR,6,8,23,24,30 with 1 study finding a 0.82 times lower
likelihood of revision with every 0.5-mm incremental
increase in graft diameter from 7 to 9 mm.38 Upon

examination of the grafts we received, most that met this
criterion were harvested from male donors (155/175;
88.6%), which helps to explain the high rate of mismatch
in women. This analysis demonstrated that in the mis-
matched (man-to-woman) cases, a significantly larger graft
diameter was used compared with grafts in the matched
female (woman-to-woman) cases. In other words, the
female patients who received male allografts received a sig-
nificantly more robust graft on average (9.2 vs 9.7 mm; P =
.002). Furthermore, the mismatched female cases involv-
ing the implantation of a larger male allograft yielded gen-
erally better PROM scores postoperatively, which is
consistent with the literature on hamstring tendon auto-
graft size presented above. While this result did not
achieve statistical significance, it was an unexpected con-
trast to the outcomes of the pooled cohort, in which the
matched cases demonstrated generally better PROM
scores. In addition, this finding is noteworthy because it
suggests that despite uniform quadrupling, a male graft
origin offered a more robust final graft diameter compared
with a graft of a female origin. Of note, donor sex has been
shown to have minimal effect on the biomechanical proper-
ties of graft tissue; thus, a difference in tissue quality is
unlikely to have contributed to the observed outcome.1

Therefore, when considered in the context that a larger
graft diameter confers better surgical outcomes after
ACLR, ostensibly due to increased tensile strength against
shearing forces,3,6,8,11,23,24,38 this size difference could have
played a role in the superior outcomes of the mismatched
female cases. While previous studies have found signifi-
cant benefits to using ACL grafts �8 versus \8
mm,3,8,23,24,30,38 these results suggest that diameter differ-
ences are still relevant at �9 mm. Further research should
continue to elucidate what the minimum threshold for ACL
allograft diameter is or if it is instead a continuous variable
between 2 endpoints.

Ultimately, the lack of a difference in ACLR outcomes
due to sex mismatch is reassuring and indicates that
ACL allografts, regardless of donor sex, continue to be
a safe option for patients. While the results of our
women-only subgroup analysis reinforced that graft diam-
eter has an important role in ACLR outcomes of women, it
is more important to note that a disparity between male
and female ACLR patients still exists and that there are
still undiscovered factors contributing to this disparity. It
is therefore crucial for knee surgeons to be aware of the
current differences in female versus male ACLR outcomes
to improve care and rehabilitation strategies. Being mindful
of the functional and anatomical differences between male
and female knees (smaller intercondylar notch width,
smaller native ACL size, increased Q angle, quadriceps
dominance, and increased tibial slope in women)15,21,22,33,40

is also key to achieving optimal ACLR technique. While this
investigation has taken a novel approach to an ongoing
issue, future research—including in vivo motion analysis,
immunogenicity in graft healing, and allograft size
thresholds—should seek to identify other potential risk fac-
tors for ACL tears and retears in women. For now, allografts
should continue to be used in ACLR regardless of donor sex
as part of the current standard of care.

TABLE 5
Results of PROM for the Women-Only Cohorta

Matched (N = 13) Mismatched (N = 57) P

VAS pain
Preop 3.7 6 2.1 3.1 6 2.2 .362
1-year postop 1.6 6 2.3 1.5 6 2.5 .760
2 years postop 2.7 6 3 1.3 6 2.1 .086

Marx
Preop 9.2 6 5.1 7.4 6 4.9 .237
1-year postop 5.9 6 5.9 3.9 6 3.7 .480
2 years postop 3.9 6 5.9 5.6 6 4.8 .235

KOOS-Pain
Preop 57.2 6 14.4 61.2 6 19 .492
1-year postop 83 6 15.2 86.4 6 11.9 .661
2 years postop 86.1 6 13.7 86.6 6 12.7 .941

KOOS-Symptoms
Preop 52.2 6 11.3 52 6 18.3 .996
1-year postop 69.9 6 12.1 78.1 6 14.7 .067
2 years postop 77 6 12 78.5 6 12.7 .854

KOOS-ADL
Preop 65.9 6 18.2 66.1 6 19.3 .985
1-year postop 91 6 8.6 92.3 6 9.8 .432
2 years postop 91.2 6 14.6 93.9 6 8 .912

KOOS-Sport/Rec
Preop 22.3 6 22.1 25.2 6 26.5 .887
1-year postop 59.4 6 24.9 69.7 6 25.8 .323
2 years postop 67.1 6 23.6 72.5 6 24.3 .531

KOOS-QoL
Preop 32.2 6 17.8 21.6 6 18.7 .034
1-year postop 52.1 6 20.9 64.3 6 20.8 .150
2 years postop 67.6 6 19.2 67.9 6 21.2 .971

VR-12 Physical
Preop 30.5 6 13.4 36.2 6 9 .067
1-year postop 45.3 6 13 49.1 6 7 .640
2 years postop 49.2 6 7.8 51 6 7.6 .475

VR-12 Mental
Preop 53.3 6 8.6 51.4 6 11.1 .561
1-year postop 56.9 6 7.2 56.5 6 7.9 .938
2 years postop 58.3 6 7.9 56.1 6 7.5 .499

aData are presented as mean 6 SD or n (%). The bold P value
indicates a statistically significant difference between the
matched and mismatched groups (P\ .05). ADL, activities of daily
living; KOOS, Knee injury and Osteoarthritis Outcome Score;
postop, postoperative; preop, preoperative; PROM, patient-
reported outcome measure; QoL, quality of life; Rec, recreation;
VAS, visual analog scale; VR, Veterans RAND.
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Limitations

This study is not without limitations. Our analysis takes
a unique approach to the current disparity in male versus
female ACLR outcomes by investigating the effects of
donor-recipient sex mismatch and provides useful allograft
data supplied by 2 major tissue donation services. While
these data are limited by the scope of our single-site inves-
tigation and the inherent selection bias of our graft orders,
we believe this information is generalizable to a broader
audience of orthopaedic surgeons and institutions. Second,
this study design was limited to a 2-year follow-up and
would have benefited from additional data about graft
donor comorbidities, which were unavailable upon request.
While the effects of tissue sex have been shown to be of lit-
tle consequence to an ACL graft’s biomechanical proper-
ties, medical comorbidities could potentially introduce
random variation to graft performance. From the informa-
tion provided, however, we were able to obtain smoking
and diabetic statuses, which were both low in the donor
population. Another notable limitation of our study is the
relatively high number of patients (35%) excluded from
the analysis due to incomplete PROMs data, primarily
resulting from loss to follow-up or incomplete data collec-
tion. We acknowledge that this may introduce potential
bias to the reported results. Finally, this study did not
include a discussion of the role of immunogenicity in out-
comes. For example, the robust immunogenicity of histo-
compatibility antigen H-Y in men has been implicated in
the development of more robust immune responses and
has been shown to affect tissue transplantation out-
comes.27 However, this discussion is more relevant to fresh
tissue donation and likely of little consequence to the fro-
zen cadaveric allografts used for ACLR. Furthermore, the
processing of allografts from cadaveric donors involves sev-
eral steps while serologic tests are conducted, culminating
in freezing. While frozen grafts can remain viable for
years, cells do not survive this process, potentially reduc-
ing the immune responses, including major or minor histo-
compatibility complex antigen expression.

CONCLUSION

ACLR with an allograft continues to be a safe and reliable
procedure in older and less active patients. The study find-
ings indicated that male donors allow for the preparation
of larger allografts than female donors and that donor-
recipient allograft sex matching does not significantly con-
tribute to ACLR outcomes. Other factors may be more
important to outcomes in female patients and should con-
tinue to be studied.
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