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Abstract

Purpose: The purpose of this study was to investigate the effect of meniscal
allograft freezing-time, demographical characteristics of the donor and the
effect of mismatch of those parameters between donor and recipient on the
survivorship of meniscal allograft transplantation (MAT).

Methods: This study consist of a retrospective analysis of 375 consecutive
MAT procedures Inclusion criteria were complete demographic data for
both the donor and recipient, minimum 2 years of follow-up (FU) and age
>18 years old; exclusion criteria were incomplete data, FU time of less than
2 years, body mass index (BMI) over 40 and age <18 years old. Failure was
defined as the need for graft removal for any reason. Statistical analysis was
performed to compare the graft survivorship based on sex mismatch and
blood group mismatch between patients and donors. A receiver operating
curve (ROC) was performed to evaluate the association and the difference
between the demographical parameters between donors and recipients with
MAT failure.

Results: A total of 360 procedures fulfilled the inclusion criteria, mean age
at surgery was 39.6 + 11.4 years and mean FU time was 8.8 + 3.6 years.
Female patients who received MAT from a male donor had a failure rate of
39%, which was significantly higher when compared with the other groups.
The failure rate in both the female-to-male and male-to-male groups was
7%, while in the female-to-female group was 9%. No association with failure
was found for graft freezing time, age, sex, BMI of the donor, difference in
age, BMI and blood group.

Conclusion: Mismatch between donor and recipient sex had a negative
effect on MAT survival only when a meniscus from a male donor was
transplanted in a female patient. Other parameters investigated like age and
BMI of the patients, as well as blood group mismatch, did not affect the
outcomes.

Abbreviations: ACL, anterior cruciate ligament; BMI, body mass index; DFO, distal femur osteotomy; HTO, high tibial osteotomy; IC, confidence Interval; LM, lateral
meniscus; MAT, M, eniscus allograft transplantation; MM, medial meniscus; OCA, osteochondral allograft transplantation; TKA, total knee arthroplasty; UKA,

unicompartimental knee arthroplasty.
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Level of Evidence: Level |V, retrospective comparative study.
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INTRODUCTION

Meniscus allograft transplantation (MAT) is a well-
established surgical procedure indicated for sympto-
matic patients after partial or total meniscectomy, aim-
ing to restore meniscal biomechanics, improve knee
function and delay osteoarthritis (OA) progression
[6, 25, 35]. Long-term outcomes are generally satis-
factory, with a 10-year survival rate of about 75% [27].

Although predictors of MAT failure have been widely
investigated, most studies have focused on patient-
related variables (age, sex, body mass index [BMI],
cartilage status) [4, 9, 15] or surgical aspects such as
graft fixation and concomitant procedures [1, 19, 36].
By contrast, donor characteristics, graft preservation
and patient-donor mismatch remain poorly investi-
gated, despite their potential relevance.

Preclinical studies suggest that donor age and BMI
may compromise graft biomechanics and biological
incorporation [8, 20, 26], while prolonged storage might
reduce the mechanical integrity of other musculoskeletal
tissues [7, 16]. Furthermore, although the immunoge-
nicity of fresh frozen (-80°C) musculoskeletal tissues
has been generally considered to be low, sex mismatch
has recently been associated with higher failure rates in
osteochondral fresh (+4°C) allograft transplantation,
raising questions about its possible role in MAT [23].

In summary, all the previously reported factors have
been shown to influence the properties of musculo-
skeletal tissues only in preclinical studies, but there is a
lack of translational studies that evaluated the impact of
those variables in the real clinical setting.

The purpose of the present study was to evaluate
the impact of these donor- and graft-related factors in a
large single-centre cohort of MAT recipients; the sec-
ondary aim was to identify correlation between surgical
failure and mismatch in donor's and recipient's char-
acteristics. We hypothesised that increased donor age,
higher donor BMI and prolonged freezing time would
negatively affect MAT survival; secondarily we hy-
pothesised that sex and blood group mismatch would
also negatively affect MAT survival.

METHODS AND MATERIALS
Patient selection

The present study consists of a retrospective analysis
of 375 consecutive MAT with soft-tissue fixation.

All surgical procedures were performed between July
2006 and February 2021 in a single institution.

Inclusion criteria were complete demographic and
preoperative clinical data, at least 2 years follow-up
time and age >18 years old at the time of the enroliment
in this study. Demographic data of our interest were
sex, age at surgery/explant, BMI and blood group of
both recipient and donor; freezing time of the graft was
also noted.

The indications for MAT were unicompartmental knee
pain due to a previous total or subtotal meniscectomy,
unicompartimental osteoarthritis from minimal to moder-
ate (grade 0 to Il OA according to Kellgren-Lawrence) at
radiographic evaluation, no signs of contralateral-
compartment and patellofemoral-compartment damage
(grade 0 according to Kellgren—-Lawrence). Depending
on the surgical demands of the patients, according to
anamnesis, referred symptoms, clinical evaluation and
radiologic procedures (X-rays and/or MRI) concomitant
surgical procedures like anterior cruciate ligament (ACL)
reconstruction/revision, osteotomy, or cartilage proce-
dures may have been performed.

Exclusion criteria were incomplete demographics or
preoperative clinical evaluation, follow-up time of less
than 2 years, BMI over 40, previous knee infection and
age under 18 years old. Previous surgery, like me-
niscectomy or ACL reconstruction were not exclusion
criteria. No patient had undergone revision of a previ-
ous MAT procedure.

Patient evaluation

Pre- and postoperative evaluations were performed by
clinical examination or phone interview, during which
patients were asked about complications that had oc-
curred since surgery and whether further surgical
intervention or hospitalisation was needed; moreover,
any surgical procedures performed during the follow-up
(FU) time were recorded.

Surgical failure was defined as revision procedure
related to the initial MAT, such as total knee arthroplasty
(TKA), unicompartmental knee arthroplasty (UKA), MAT
revision or meniscectomy due to graft tears.

Demographic details from the allograft donor
(including sex, age at surgery, blood group and BMI),
explant and freezing date were extracted from the
institutional Tissue Bank database.

Sex mismatch was evaluated creating four different
group: in the first (1) both donor and recipient were
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male, in the second (2) the donor was male, while the
recipient was a woman, in the third (3) the donor was a
woman, while the recipient was a man and, finally, in
the fourth (4) both donor and recipient were women.

Blood group mismatch was evaluated creating three
different groups: in the first (1) both donor and recipient
had the same group, in the second (2) the two groups
were concordant (based on classical ABO and Rh
crossmatching), while in the third (3) the two groups
were nonconcordant.

Meniscus allograft harvesting and
processing

The menisci implanted in the present cohort study were
harvested in Italy within the Emilia-Romagna and
Tuscany regions [22]. Each donor was selected fol-
lowing the criteria established in the Italian guidelines
as defined by the National Transplant Centre (CNT).
Regarding tissue-specific selection criteria for menis-
cus donation, donors were excluded if they met at least
one of the following conditions: osteoporosis, diseases
affecting the structural properties of the bone extra-
cellular matrix, age below 15 years or above 55 years.

The harvesting procedure was conducted in an
operating room located in the hospital where the
donor's death occurred, within 24h of the donor's
passing. During the procurement, the tibia with the
attached menisci was sterilely wrapped and then stored
in a freezer at -80°C.

At a later stage, the frozen tibia tested negative for
microbial contamination was processed in a GMP-
Class A clean room environment. The procedure
included the following steps: (i) the tibia was thawed, (ii)
the tibial plateau was cut approximately 1 cm from the
cartilage, (iii) the plateau was further divided along the
sagittal plane to separate the two menisci and, finally,
(iv) the menisci were measured for length and width to
ensure proper donor-recipient matching.

After processing, the menisci were stored at —-80°C
until their use. Each meniscus was distributed with
approximately 1 cm of subchondral bone from the tibial
plateau attached, enabling the surgeon to shape the
bone plug according to the specific surgical procedure.

Surgical technique

MAT was performed arthroscopically with soft tissue
fixation, detailed surgical technique has already been
published [10].

Briefly, the transplantation was performed ar-
throscopically using a trans-tibial double tunnel tech-
nique, with soft tissue fixation and without bone-plugs.
Graft positioning was performed via shuttle suture
passed through posterior tibial tunnel while peripheral

3
Knee Surgery, Sports Traumatology, Arthroscopy—W[ ]_EY—I—

fixation to the capsule was achieved with ‘all-inside’
stitches (either FasT-Fix, Smith & Nephew or Truespan,
Depuy Synthes); anterior and posterior horns were fixed
with a transosseous suture that were then tied together.
While performing the surgical implantation procedure in
the recipient's knee the donor's meniscus laterality
(medial/lateral) was respected.

Rehabilitation

The postoperative rehabilitation protocol started with a
2-week period of immobilisation and no weight bear-
ing, followed by toe-touch weight bearing for the fol-
lowing 2 weeks, restriction of range of motion (0°-90°
during weeks 3-4 and then free range of motion),
isometric exercises and closed-chain strengthening.
At Week 4 postoperatively, partial weight bearing was
allowed, and at Week 6 postoperatively, progression
to full weight bearing was started; patients were also
allowed to fully flex the knee.

Sport-specific exercises started after 4 months; a
return to noncontact activities was not allowed until the
4th month. Patients were advised not to resume high-
demand sports activities before 8 months post-
operatively. Owing to the cautious nature of the reha-
bilitation protocol regarding knee mobilisation and
weight bearing, no substantial differences were present
in case of concomitant ACL reconstruction, osteotomy,
or cartilage procedures.

Statistical analysis

Normal data distribution was verified through the
Shapiro-Wilk test. Continuous variables were pre-
sented as mean + standard deviation, while categorical
variables were presented as median and interquartile
range (IQR) or number and percentage. Differences
between single groups were inspected through stu-
dent's t-test or chi-squared test according to variable
type. Differences were considered statistically signifi-
cant for p<0.05.

Survival analyses were performed using the Kaplan—
Meier method. Survival proportions at 5, 10 and
15years and mean estimated survival time with 95%
confidence intervals (Cls) were calculated. When pres-
ent, the surgical failure time was retrieved to not over-
estimate the survival time.

Univariate logistic regression analyses were per-
formed using Surgical failure as endpoint and the group
of sex accordance or blood group accordance as
independent variable.

Multivariate analysis was performed using as end-
point Surgical failure and graft freezing time, BMI and
age at surgery/explant of both donor and recipient, and
the respective (ABMI and Aage) as independent
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variables. All statistical analyses were performed with
MedCalc (MedCalc Software).

An a priori power analysis was computed based on a
similar previous study (DOI: https://doi.org/10.1177/
03635465221131522). A Logrank test for two groups
was adopted with HR=1.9, a=0.05, two tails and
power = 0.80, considering an event proportion of 0.22
(DOI: https://doi.org/10.1177/03635465221131522). The
resulting sample size was 346 patients. The analysis
was conducted in G*Power (v3.1.9.7, Brunsbiittel,
Germany).

RESULTS

A total of 360 patients fulfilled the inclusion criteria
(Figure 1). Mean follow-up time was 8.8 + 3.6 (range:
2-17) years, mean age at surgery was 39.6+11.4
(range: 15-69) years (Table 1). A total of 15 patients
did not fulfill the inclusion criteria and were not included
in the statistical analysis: seven patients were lost at
FU, four recipient's had incomplete medical records,
two patients possessed a BMI>40 at surgery, one
donor's chart lacked demographical information, and
one patient was under 18 years old.

A total of 34 (9.44%) surgical failures were
recorded, mean survival time was 15.3+0.2 years.
The most frequent cause of surgical failure was the
necessity of allograft resection (22/34 failures); other
types of reoperations were linked to infection, MAT

DELETERIOUS EFFECT

revision, TKA and unicompartimental knee arthro-
plasty (Table 2, Figure 2).

A total of 170 concomitant procedures were per-
formed during MAT: the most frequent ones were
HTO (high tibial osteotomy), primary ACL (anterior
cruciate ligament) reconstruction and revision ACL
reconstruction (Table 3).

Multivariate logistic regression did not show any sig-
nificant correlation between surgical failure and the various
factors mentioned below (p =0.892 -2 =0.010). (Table 4).

TABLE 1 Patient characteristics.

Recipient
population Donor population
Number of 360 360
patients (N)
Age at Surgery 39.6+11.4 43.1+12.1
(years)
BMI 246+4.5 25.2
Sex M =247 (68.6%) M =252 (70.0%)
F=113 (31.4%) F =108 (30.0%)
MAT Medial =201 (55.9%) Medial =202 (56.1%)

Lateral = 159 (44.1%)  Lateral = 158 (43.9%)

Mean FU (years) 8.8+3.6

Abbreviations: BMI, body mass index (kg/m?); MAT, meniscus allograft
transplantation.

- N\

Patients lostat FU: 7

375 patients

360 patients
satisfied inclusion
criteria for both MAT
L donor and recipient

Incomplete
recipient’s
demographic: 4

extracted from \
institutional r G N
database 15 patients did not
satisfy inclusion BMI over 40: 2
criteria
. (. J
i N\

Incomplete donor’s
demographic: 1

Age under 18y: 1

FIGURE 1 Consolidated standards of reporting trials (CONSORT) diagram. Flowchart of patients included in the present study and reason
for their exclusion. BMI, body mass index (kg/m?); FU, follow-up; MAT, meniscus allograft transplantation.
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Survivorship from sex mismatch

The only factors that resulted statistically significant in
relation to surgical failure was sex mismatch between
donor and recipient (p <0.001). Sex concordance found
8/31 (25.81%) surgical failures in the nonconcordant
group (groups 2 and 3), while only 26/329 (7.9%) fail-
ures were registered in the concordant group (groups 1
and 4). Hazard ratios with 95% CI were calculated as
20.5 (5.0-83.5), with respect of nonconcordant versus
concordant group (Table 5, Figure 3).

Subgroup analysis based on donor-recipient spe-
cific sex concordance found out statistically significant
results. Specifically, group 2 (male donor, female recip-
ient) showed much higher failure rate (7/18-38.9%) than
the other groups. Hazard ratios with 95% CI were
calculated as 9.7 (1.3-71.1) in relation to group 2 versus
group 1 (Table 5, Figure 3).

Survivorship from blood group mismatch

In relation to blood group analysis only a subgroup of
247 patients fulfiled the inclusion criteria, due to

TABLE 2 Causes of reoperation.
Type of reoperation No of failures

Surgical failure (N) 34/360 (9.44%)

Total knee arthroplasty 5
Unicompartimental knee arthroplasty 2
MAT revision 2
Infection 3
Allograft resection 22

Abbreviation: MAT, meniscus allograft transplantation.

100
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30|
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missing data from medical chart regarding blood type
lab results.

Among the donor population were registered 98 ‘A’,
25 ‘B’, 17 ‘AB’ and 107 ‘O’ blood groups. Among the
recipient population were registered 104 ‘A’, 29 ‘B’, 3
‘AB’ and 111 ‘O’ blood groups. This subgroup pre-
sented no demographic statistically significant char-
acteristics with respect to the general population. A
total of 14/247 (5.67%) surgical failure was recorded.

Univariate blood group analysis did not show any
significant correlation to surgical failure (p=0.915)
(Table 6, Figure 4).

DISCUSSION

This retrospective analysis demonstrated that donor—
recipient sex match is an important determinant of
meniscus allograft survival. Specifically, female pa-
tients receiving grafts from male donors experienced a
fourfold increase in failure compared with other groups.
Such findings parallel evidence from solid organ
transplantation, where sex mismatch has been asso-
ciated with inferior clinical outcomes [17, 34, 37].
Although the immunogenicity of frozen musculoskeletal
tissues is generally considered low, immunological
mechanisms may still contribute to the poorer out-
comes observed in cases of sex mismatch [12, 33].
Clinical data in recent studies also suggest sex-
related differences in MAT outcomes, with female pa-
tients reporting worse Lysholm scores and higher
revision rates compared with males [5, 9, 31]. Our
results provide a potential explanation for these find-
ings, as the negative effect was confined to female
recipients of male grafts. Similar patterns have been
reported in osteochondral allograft transplantation
(OCA), where sex mismatch reduced survival, partic-
ularly when male grafts were implanted into female
recipients [23]. Compared with OCA, biological

oM
»

FIGURE 2 Kaplan—Meier mean survival rate.
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TABLE 3 Associated procedures during MAT.

Associated procedures No of surgery performed

HTO 46
DFO 14
Primary ACL reconstruction 34
Revision ACL reconstruction 31
HTO + ACL reconstruction 16
Cartilage procedure 26
Controlateral meniscal suture 3
Overall 170

Abbreviations: ACL, anterior cruciate ligament; DFO, distal tibial osteotomy;
HTO, high tibial osteotomy; MAT, meniscus allograft transplantation.

TABLE 4 Multivariate logistic regression.

Coefficients
Odds

Estimate ratio p value
ABMI -0.078 0.925 0.598
AWeight 0.004 1.004 0.911
AAge 0.004 1.004 0.838
Donor time harvesting to -0.020 0.980 0.232
surgery (months)
Recipient age at surgery -0.010 0.990 0.696
Recipient weight at -0.003 0.997 0.929
surgery (kg)
Recipient BMI at surgery -0.067 0.935 0.681
Donor age (years) -0.013 0.987 0.600
Donor weight (kg) -0.015 0.985 0.676
Donor BMI -0.003 0.997 0.985

Note: SURGICAL FAILURE? (Y/N) level ‘Y’ coded as class 1.
Abbreviation: BMI, body mass index (kg/m?).

DELETERIOUS EFFECT

integration of MAT may be even more critical due to the
lack of bony press-fit fixation, making donor—host
compatibility essential [18, 28]. While anecdotal cases
of rejection and synovitis have been described,
nonimmunologic factors such as bone morphology,
hormonal profile and inflammatory response may
also contribute to inferior outcomes in this subgroup
[11, 13, 18, 24].

Another relevant finding of the present study was
that donor age, and donor—recipient age mismatch, did
not affect MAT survival at mid-term follow-up, despite
concerns regarding biomechanical deterioration of
older grafts. Previous in vitro studies have shown
conflicting results: some reported no correlation
between age and biomechanical properties up to
45 years [2], while others observed reduced tensile
strain and energy absorption in grafts from donors over
65 years [26]. Nevertheless, in our series, donor age up
to 55 years did not impact clinical outcomes, although
longer-term follow-up may be required to assess bio-
logical integration.

Similarly, graft storage time did not influence failure
rates, despite preclinical evidence correlating pro-
longed freezing with reduced load to failure and histo-
logical alterations in musculoskeletal tissues [7].
Previous clinical studies comparing graft conservation
methods suggested that fresh-frozen grafts may yield
superior outcomes compared with cryopreserved MAT
[4, 30, 32], yet no damaging effect of storage duration
was observed in our cohort.

This study has several limitations. First, its retro-
spective design and the definition of failure based only
on surgical removal precluded assessment of patient-
reported outcomes; Similarly, since no MRI follow-up
was performed, it was not possible to evaluate tears or
extrusion of the transplanted meniscus and the carti-
lage wear over time in the different subgroups of pa-
tients. However, there is still no consensus on the
clinical relevance of several imaging findings after

TABLE 5 Kaplan—Meier survivorship analysis in relation to sex mismatch between donor and recipient.

Failures (%)

Overall 34/360 (9.4) 15.3 (14.9; 15.8)

Concordant 26/329 (7.9) 13.5 (12.3; 14.8)

Non concordant 8/31 (25.8) 15.5 (15.1; 16.0)

Male to male 17/234 (7.2) 15.7 (15.2; 16.3)

Male to female 7/18 (38.8) 9.8 (7.1;12.4)
Female to male 1/13 (7.6) 13.4 (11.8; 14.9)
Female to female 9/95 (9.1) 15.1 (14.9; 15.9)

Mean survival time (95% CIl) (years)

Survival probability

5 years 10 years 15years p value
97.1 91.8 78.3 <0.001
98.7 93.5 79.7

79.0 71.8 62.8 <0.001
99.5 94.8 774

67.6 54.1 36.0

92.3 92.3 92.3

96.8 90.2 85.4 <0.001

Note: In the second column data are expressed in years as mean time and 95% confidence interval (Cl).

Abbreviation: Concordant = donor and reciepent share the same sex.
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FIGURE 3 Kaplan—Meier curves describing survivorship from surgical failure in relation to concordant/nonconcordant sex mismatch
between donor and recipient (on the left) and survivorship from surgical failure in relation to specific group mismatch sex between donor and
recipient (on the right).

TABLE 6 Kaplan—Meier survivorship analysis in relation to blood group concordance; concordant: compatibility between donor and
recipient blood group.

Identical
Concordant
Nonconcordant

Overall

Survival probability

Failures (%) Syears
5/94 (5.3) 98.8
3/59 (5.0) 98.0
6/94 (6.3) 100
14/247 (5.6) 99.1

10 years 15 years
93.4 81.9
95.4 84.8
93.9 85.4
94.2 83.8

p value

0.915

Survival probability (%)

100
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L
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—— Compatible
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FIGURE 4 Kaplan—Meier curves describing survivorship from surgical failure in relation to blood group concordance between donor and

recipient.
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meniscus transplantation procedures, and the graft
removal still represents the most commonly accepted
failure criteria after MAT procedure [3, 9, 14, 21, 29].

Another limitation is that most of the patients
included in the present study underwent several pre-
vious knee surgeries and a considerable amount of
them underwent an associated surgical procedure to
MAT surgery. However, this heterogeneous population
is common when dealing with patients suffering from
‘postmeniscectomy syndrome’ and complex patients
with multiple knee comorbidities are more often re-
ferred to a high-level knee surgery centres in which
MAT is performed routinely.

Moreover, another main limitation of the present
study is represented by the reduced patient number in
the female-to male (13 patients, 3.6% of total) and in
the male-to-female patients (18 patients, 5.0% of the
total) groups when compared with groups without sex
mismatch. This aspect increases the fragility of our
statistical analysis, however an imbalance between
groups was expected because the sex was considered
one of the criteria for MAT matching.

Finally, in the present study only surgical proce-
dures with soft tissue fixation of fresh-frozen, non-
irradiated MAT were performed. Therefore, the results
of the present study could not be generalised, and
different results could be possible with an allograft bony
fixation or if the graft is stored and treated differently, or
even sterilised.

CONCLUSIONS

Mismatch between donor and recipient sex had a
negative effect on MAT survival only when a meniscus
from a male donor was transplanted in a female
patient. While graft freezing time, age and BMI of the
patients does not seem to affect the outcomes, the
decision to transplant meniscus from a male donor
should be carefully considered, based on the results of
the present study.
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