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Background: Meniscal allograft transplantation (MAT) has been shown to provide clinical benefits in patients with symptomatic
meniscal deficiency in the short term and midterm. There is, however, a paucity of data regarding long-term outcomes after MAT
using fresh-frozen allografts and the bridge-in-slot technique.

Purpose: To report clinical outcomes and revision rates after primary MAT with fresh-frozen allografts and the bridge-in-slot
technique in a large case series of patients at a 10-year minimum follow-up.

Study Design: Case series; Level of evidence, 4.

Methods: A retrospective review of prospectively collected data was performed on patients undergoing primary MAT between
2001 and 2012. Lysholm, International Knee Documentation Committee subjective form, and Knee injury and Osteoarthritis
Outcome Score subscales were collected preoperatively and at 1-, 2-, 5-, and minimum 10-year follow-ups. Cox proportional
hazards modeling was used to identify variables associated with reoperation and failure, defined as revision MAT or conversion
to arthroplasty. Reoperation was defined as a subsequent surgical intervention on the transplanted meniscus, including partial or
total meniscectomy, meniscal repair, or failure as defined in the previous sentence.

Results: A total of 174 patients undergoing MAT met the inclusion criteria and were followed for a mean of 12.7 6 2.7 years
(range, 10.0-21.0 years). The mean age at surgery was 28.3 6 10.1 years. The patients were predominantly female (n = 92;
53%), and medial MAT was the most commonly performed procedure (n = 91; 52%). Concomitant procedures were performed
in 115 patients (66%), with the most common procedure being osteochondral allograft transplantation (n = 59; 34%). Patients
demonstrated statistically significant postoperative improvements at all time points for all patient-reported outcome measures
(P � .0001). A total of 65 patients (37%) underwent a meniscal reoperation at a mean time of 6.6 6 5.5 years (range, 0.3-16.7
years) postoperatively. A total of 40 patients (23%) met the criteria for failure at a mean time of 7.3 6 5.0 years (range, 1.0-
17.4 years) after MAT, with 22 of these patients having undergone a previous meniscal reoperation. At the final follow-up, 13
patients (7%) had undergone revision MAT and 27 (15%) had converted to arthroplasty. The MAT survival rates free of meniscal
reoperation and failure were 73% and 85% at 10 years and 60% and 72% at 15 years, respectively. At the time of the final follow-
up, 86% of patients reported that they were satisfied with their overall postoperative condition.

Conclusion: Primary MAT demonstrates efficacy and durability with high rates of patient satisfaction at a minimum 10-year
follow-up. Patients should be counseled that although reoperation rates may approach 40% at 15 years, rates of overall revision
MAT and conversion to arthroplasty remain low at long-term follow-up.
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Meniscal pathology is a common cause of knee pain and
disability, with a reported incidence as high as 61 per
100,000 persons in the general population.1,14 The menis-
cus serves a critical role in knee biomechanics, acting to
provide shock absorption and load transmission.17
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Meniscal pathology or deficiency, most commonly in the
form of a tear or meniscectomy, results in a substantial
decrease in effective contact area; an associated increase
in peak pressures; and an elevated risk of accelerated,
posttraumatic osteoarthritis.2,24 Recently, improved
understanding of the negative biomechanical consequences
of meniscal insufficiency has placed a growing emphasis on
meniscal repair and restoration. Although meniscal repair
is increasingly being performed, partial meniscectomy
remains common given the presence of complex, irrepara-
ble tears. Many patients demonstrate benefit from menis-
cectomy in the setting of symptomatic tears; however,
others demonstrate symptoms refractory to meniscectomy,
often termed ‘‘postmeniscectomy syndrome,’’ thought to be
related to the pathologic load distribution and increased
forces present in the meniscus-deficient knee. In these
patients, meniscal allograft transplantation (MAT) has
been shown to reliably provide clinical benefit.4,5,9,34

Multiple surgical techniques exist for MAT, including
soft tissue fixation, bone plugs, keyholes, and the bridge-
in-slot technique. Additionally, there are various allograft
preservation methods, including cryopreserved, fresh,
fresh-frozen, and lyophilized grafts. Ten-year survival
rates after MAT have been estimated to be as high as
74%, although previous studies have been limited to small
sample sizes or pooled outcomes, including patients who
have \10-year minimum follow-up.11,20,26 Although evi-
dence favoring soft tissue or bone fixation techniques
remains controversial, limited long-term outcome data
exist for bone-bridge techniques using fresh-frozen
allografts.13,19 Thus, additional studies reporting on long-
term outcomes after MAT are merited.

Therefore, the purpose of this study was to report on
clinical outcomes and survivorship after primary MAT in
a large case series of patients with a 10-year minimum fol-
low-up. We hypothesized that (1) patients who underwent
MAT would demonstrate sustained improvements in clini-
cal outcomes at long-term follow-up when compared with
the preoperative baseline, and (2) survivorship would be
satisfactory and similar to previously reported rates in
studies with long-term follow-up.

METHODS

Patient Population

Before study initiation, approval was obtained from the
local institutional review board at Rush University Medical
Center (ORA: 22032405). A prospectively collected database
of patient-reported outcome measures (PROMs) from a sin-
gle institution was queried for patients who had undergone
primary MAT with a single surgeon between 2001 and 2012
with a minimum 10-year follow-up. Patients were included
regardless of the presence of concomitant procedures at
the time of MAT. Inclusion criteria consisted of (1) primary
MAT, (2) minimum 10-year follow-up, and (3) consent for
research participation. Exclusion criteria consisted of (1)
\10 years of follow-up, (2) cryopreserved allografts, (3)
use of the bone plug technique, and (4) patients who had
undergone revision MAT. Patients were evaluated for both
reoperation and failure. Reoperation was defined as surgical
intervention of the transplanted meniscus, including partial
or total meniscectomy, meniscal repair, or subsequent fail-
ure. Failure was defined as revision MAT or conversion to
unicompartmental knee arthroplasty (UKA) or total knee
arthroplasty (TKA).7

Indications and Preoperative Planning

All MATs were performed by the senior author (B.J.C.), a fel-
lowship-trained orthopaedic surgeon with a high-volume
MAT and joint preservation practice. The indications for
MAT were patients who had previously undergone subtotal
or total meniscectomy, had pain localized to their meniscec-
tomized compartment, and had failed comprehensive nonop-
erative management. An age \50 years was preferred but
was not a strict contraindication after considering the
patient’s current function and goals for treatment. Contrain-
dications included those with inflammatory arthritis or
marked obesity.5 A Kellgren-Lawrence grade �2 is preferred
on preoperative radiographs, while a grade �3 is a relative
contraindication.7
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Because of the nature of the senior author’s practice, the
nonoperative management of the referring surgeon had
failed for many patients before their initial clinic visit at
our institution. The senior author, however, preferred a tri-
al of physical therapy, bracing, and steroid injections for at
least 6 to 8 weeks before MAT.

Indications for concomitant osteochondral allograft
transplantation (OCA), osteotomy, or anterior cruciate liga-
ment (ACL) reconstruction (ACLR) were a focal, full-
thickness cartilage defect (International Cartilage Regener-
ation & Joint Preservation Society grade 3 or 4); malalign-
ment; or a full-thickness ACL tear seen on preoperative
magnetic resonance imaging scans, respectively.

Meniscal allograft sizing was done as described by Pol-
lard et al.22 Standard preoperative imaging included antero-
posterior extension weightbearing views, posteroanterior
45� of flexion weightbearing views, nonweightbearing 45�
of flexion lateral views, axial views of the patellofemoral
joint, 3-foot standing long-axis views, and magnetic reso-
nance imaging to assess for concomitant ligamentous or
articular cartilage injury.18

Surgical Technique

The senior author preferred the bridge-in-slot technique
for medial and lateral MATs with fresh-frozen, nonirradi-
ated meniscal grafts (JRF Ortho) and, if present, treated
concomitant pathology such as malalignment, focal carti-
lage defects, or ligamentous insufficiency.8,27,29 Before
transplantation, the meniscus was assessed in addition to
the anterior and posterior cruciate ligaments as well as
the chondral surfaces of the medial, lateral, and patellofe-
moral compartments. The meniscus was debrided until
a bleeding peripheral rim of 1 to 2 mm was left, and ante-
rior and posterior horns were subsequently resected. To
prepare the meniscal slot, an initial slot guide was first
made with a 4.5-mm bur and a guide pin was then placed
using the slot guide. A 7-mm reamer was used to overream
the guide pin, and the slot was refined using a box cutter,
dilating rasp, and bone-cutting shaver.

During tibial slot preparation, the allograft was thawed in
normal saline on a sterile surgical table. Once thawed, a bone
bridge was created using a reciprocating saw between the
anterior and posterior meniscal horns of the donor allograft.
A polydioxanone suture was placed through the posterior
third of the meniscus, which was used for meniscal insertion
into the joint and subsequently the tibial slot. With the knee
in flexion, a 7 3 23–mm bioabsorbable interference screw
was used to secure the bone bridge within the tibial tunnel.
Approximately 8 to 10 nonabsorbable 2-0 ultra–high molecu-
lar weight vertical mattress sutures were then used to secure
the meniscus using an inside-out technique. After confirming
satisfactory meniscal placement and stability, incisions were
closed in the standard fashion.

Rehabilitation Protocol and Postoperative
Management

Patients remained heel-touch weightbearing in a knee brace
locked in full extension for the first 2 weeks. At postoperative

week 2, patients began heel-touch weightbearing with
crutches until week 6, whereby patients progressed to full
weightbearing. At postoperative week 8, patients progressed
through closed-chain activities until they were cleared for
sport-specific exercises by the senior author at a minimum
of 5 months postoperatively. Patients were, however, discour-
aged from returning to pivoting or cutting sports because of
the higher risk for meniscal reinjury.

At the first visit postoperatively, radiographs were
obtained to ensure proper bone slot placement and assess
concomitant procedures, if performed. Subsequent imaging
was performed if patients had recurrence of symptoms and
failed nonoperative management. Oral nonsteroidal anti-
inflammatory drugs, physical therapy, cortisone injections,
and platelet-rich plasma injections were used for patients
who developed symptoms postoperatively.

Outcome Score Collection

The Lysholm, International Knee Documentation Commit-
tee (IKDC) subjective form, and Knee injury and Osteoar-
thritis Outcome Score (KOOS) subscales (Pain, Symptoms,
Activities of Daily Living [ADL], Sport and Recreation
(Sport/Rec), and Quality of Life [QOL]), were completed
preoperatively and at 1, 2, 5, and a minimum of 10 years
of follow-up.

Statistical Analysis

Descriptive statistics for continuous variables were
reported as means with standard deviation, whereas bino-
mial variables were presented as frequencies and propor-
tions. Mann-Whitney U and paired t tests were used for
comparing preoperative and postoperative PROMs. Post-
operative satisfaction was assessed with a ‘‘yes’’ or ‘‘no’’
answer to the question, ‘‘Taking into account all the activ-
ities you have during your daily life, your level of pain, and
also your functional impairment, do you consider that your
current state is satisfactory?’’ Thresholds for achieving
clinically significant outcomes (CSOs) were calculated
using methods previously described.16 Kaplan-Meier sur-
vival analysis was used to determine survival probabilities.
Cox proportional hazards modeling was used to evaluate
associations between preoperative and intraoperative var-
iables with failure. P values\.05 were considered statisti-
cally significant. Statistical analyses were performed using
RStudio Version 4.1.1.

RESULTS

Patient Characteristics

A total of 174 patients (age, 28.36 6 10.1 years; 92 women
[53%], 82 men [47%]; body mass index [BMI], 25.7 6 4.1)
met study inclusion criteria (Figure 1) and were followed
for a mean of 12.76 2.7 years (range, 10.0-21.0 years) (Table
1). A total of 36 and 3 patients had follow-up beyond 15 and
20 years, respectively. Medial meniscal transplantation was
performed in 91 patients (52%), and lateral meniscal
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transplantation was performed in 83 patients (48%). An iso-
lated MAT procedure was performed in 59 (34%) patients,
while the most common concomitant procedure was OCA
(34%), followed by ACLR (14%), and autologous chondrocyte
implantation (11%) (Table 1).

Patient-Reported Outcomes

Significant postoperative improvement in mean scores was
observed for all PROMs (Lysholm, IKDC, and KOOS) at
every time point analyzed (P � .0001) (Figure 2). This find-
ing was also appreciated when stratifying by those who
underwent primary MAT (P � .019) or who had a major con-
comitant procedure (P � .0003). Further subgroup analysis

showed a benefit in those who underwent a concomitant car-
tilage procedure (P � .015); however, the present study was
underpowered to perform subgroup analysis on concomitant
ACLR or realignment osteotomy. Scores did not signifi-
cantly decrease at the most recent follow-up when compared
with baseline and 1-, 2-, 5-, and 10-year time points. Con-
versely, KOOS ADL scores significantly improved at 2 years
and the final follow-up compared with at 1 year (P = .030
and .003, respectively) (see Appendix Table A1, available
in the online version of this article). There was a trend
toward higher KOOS ADL scores at the 5-year follow-up
as compared with 1-year scores, but this did not achieve sig-
nificance (P = .099). At the final follow-up, the KOOS QOL
score was significantly higher than at 1 year (P = .043).

Figure 1. During the time frame selected, 317 patients underwent meniscal allograft transplantation (MAT). Patients were
excluded if they had died before the 10-year follow-up, had undergone a revision MAT, had undergone MAT using the bone
plug technique or a cryopreserved allograft, or did not have 10 years of follow-up. Patients were included whether or not they
had completed the 10-year minimum patient-reported outcome measures (PROMs).
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Clinically Significant Outcomes

Thresholds for achieving CSOs were calculated at a 10-
year minimum follow-up (Table 2). A majority of patients

achieved the minimal clinically important difference
(MCID), Patient Acceptable Symptom State (PASS), and
substantial clinical benefit (SCB) for each PROM analyzed
with the exception of the SCB for the Lysholm (48%), IKDC

TABLE 1
Patient Characteristics and Intraoperative Variablesa

Postoperative P Valuesb

Characteristic
None,
n = 109

Reoperation,
n = 25

Failure,
n = 40

None vs
Reoperation

None vs
Failure

Female sex 53 (48.6) 17 (68.0) 22 (55.0) .080 .490
Age, y 27.3 6 9.4 25.1 6 10.4 33.3 6 10.3 .180 .002
BMI 26.0 6 4.2 23.8 6 4.0 26.4 6 3.6 .044 .556
Meniscal transplant 56 (51.3) 13 (52.0) 16 (40.0) .955 .218
Concomitant procedure 77 (70.6) 12 (48.0) 26 (65.0) .031 .509
OCA 38 (34.9) 5 (20.0) 16 (40.0) .151 .563
OAT 1 (0.9) 0 (0) 1 (2.5) ..999 .466
ACI 15 (13.7) 2 (8.0) 2 (5.0) .739 .159
MFX 9 (8.3) 1 (4.0) 0 (0) .687 .113
Particulated juvenile articular cartilage allograft 1 (0.9) 0 (0) 1 (2.5) ..999 .466
HTO 7 (6.4) 0 (0) 4 (10.0) .347 .487
DFO 2 (1.8) 1 (4.0) 1 (2.5) .465 ..999
ACLR 14 (12.8) 4 (16.0) 6 (15.0) .745 .732
Follow-up �15 y 26 (23.8) 6 (24.0) 4 (10.0) .988 .062
Follow-up �20 y 3 (2.8) 0 (0) 0 (0) ..999 .564
Mean follow-up, y 12.8 6 2.7 12.3 6 2.7 7.6 6 5.1

aData are presented as n (% of respective group) or mean 6 SD. Reoperations consist of any surgery related to the transplanted meniscus
(evaluation because of meniscal symptoms, debridement, or meniscectomy). Failure is defined as knee arthroplasty or revision meniscal allo-
graft transplantation. Those who had a reoperation and later met the criteria for failure were only included in the failure column. Boldface P
values indicate statistical significance. ACI, autologous chondrocyte implantation; ACLR, anterior cruciate ligament reconstruction; BMI,
body mass index; DFO, distal femoral osteotomy; HTO, high tibial osteotomy; MFX, microfracture; OATS, osteochondral autograft transfer
system; OCA, osteochondral allograft transplantation.

bPearson chi-square test, Wilcoxon rank-sum test, or Fisher exact test.

Figure 2. Mean patient-reported outcome measure scores after primary meniscal allograft transplantation. Questionnaires
included the Lysholm (Lys), International Knee Documentation Committee (IKDC) subjective form, and Knee injury and Osteoar-
thritis Outcome Score (KOOS) subscales at preoperative, 1-year, 2-year, 5-year, and most recent follow-up time points. The
KOOS subscales are abbreviated as follows: ADL (Activities of Daily Living), QOL (Quality of Life), Sport/Rec (Sport and Recre-
ation), and Symptoms. Error bars represent SD and asterisks represent significant improvement, compared with preoperative
scores (P\ .05).
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subjective form (35%), and KOOS Pain (46%) and QOL
(49%) questionnaires. At the time of the final follow-up,
however, 86% of patients stated they were satisfied with
their overall postoperative condition.

Reoperation, Revision, and Conversion to Arthroplasty

At the final follow-up, 65 patients (37%) had undergone
repeat MAT-associated intervention (meniscectomy, revi-
sion MAT, or TKA). Patients who underwent reoperation
isolated to their MAT graft most commonly underwent par-
tial meniscectomy (n = 31), total meniscectomy (n = 11),
and meniscal repair (n = 4) at a mean time of 6.6 6 5.5

years (range, 0.3-16.7 years) after index MAT. Of note,
an additional 20 patients (11%) underwent surgical inter-
vention of the ipsilateral knee not related to the meniscus
(chondroplasty [n = 8], plica excisions [n = 4], synovectomy
[n = 3], lysis of adhesions [n = 2], suprapatellar pouch
release [n = 1], microfracture [n = 1], and hardware
removal after distal femoral osteotomy [n = 1]). Those
who underwent a meniscal reoperation and did not subse-
quently experience failure had fewer concomitant proce-
dures (P = .031) and a lower BMI (P = .044) than those
who did not have a meniscal reoperation. Overall survival
free from reoperation was 92.0%, 89.7%, 81.6%, 73.0%, and
59.9% at 1, 2, 5, 10, and 15 years, respectively (Figure 3A).
Log-rank testing demonstrated a trend toward significance

Figure 3. Sex-stratified Kaplan-Meier survival analysis for (A) reoperation and (B) failure (revision meniscal allograft transplanta-
tion or unicompartmental knee arthroplasty/total knee arthroplasty). The overall survival rates free from reoperation were 92.0%,
89.7%, 81.6%, 73.0%, and 59.9% at 1, 2, 5, 10, and 15 years, respectively. The overall survival rates free from failure were
98.9%, 97.7%, 90.8%, 84.5%, and 72.1% at 1, 2, 5, 10, and 15 years, respectively. The log-rank test demonstrated no significant
difference in survival distributions between male and female sex for reoperation (P = .072) and failure (P = .390).

TABLE 2
Patient Achievement of MCID, PASS, and SCB at 10 Yearsa

MCID PASS SCB

Threshold n/N Achieving (%) Threshold n/N Achieving (%) SN SP AUC Threshold n/N Achieving (%) SN SP AUC

Lysholm 10.0 62/69 (89.8) 71.5 73/104 (70.2) 85.1 90.5 .947 32.0 33/69 (47.8) 83.3 62.9 .681
IKDC 10.4 64/74 (86.5) 55.7 82/110 (74.5) 91.4 91.0 .945 37.7 26/74 (35.1) 57.8 80.5 .718
KOOS
Pain 10.3 61/78 (78.2) 72.2 83/105 (79.0) 89.7 81.8 .871 25.1 36/78 (46.1) 80.0 75.2 .843
SXS 11.5 50/82 (61.0) 69.6 62/106 (58.5) 68.6 90.9 .860 14.7 45/82 (54.9) 75.0 65.5 .770
ADL 9.7 50/74 (67.6) 95.7 59/105 (56.2) 72.0 90.2 .850 15.3 38/74 (51.4) 66.6 56.0 .619
Sport/Rec 13.3 47/63 (74.6) 52.5 67/105 (63.8) 76.4 89.7 .870 32.5 39/63 (61.9) 86.6 52.1 .677
QOL 13.3 60/82 (73.2) 46.8 70/106 (66.0) 79.4 90.9 .899 31.1 40/82 (48.8) 76.1 65.5 .751

aThresholds for the minimal clinically important difference (MCID), Patient Acceptable Symptom State (PASS), and substantial clinical
benefit (SCB) were calculated for the Lysholm, International Knee Documentation Committee (IKDC), and Knee injury and Osteoarthritis
Outcome Score (KOOS) subscales. ADL, Activities of Daily Living; AUC, area under the curve; QOL, Quality of Life; SN, sensitivity; SP,
specificity; Sport/Rec, Sport and Recreation; SXS, Symptoms.
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in survival distributions between male and female sex for
reoperation (P = .072), with women demonstrating a poten-
tially higher risk of reoperation.

A total of 23% (40/174) of patients met criteria for MAT
failure at a mean time of 7.3 6 5.0 years (range, 1.0-17.4
years) after MAT. The most common criteria met were
TKA (55%; n = 22/40), revision MAT (33%; n = 13/40), and
UKA (13%; n = 5/40). Of those patients who met MAT failure
criteria, 55% (22/40) had undergone a previous meniscectomy
or repair after their index MAT. Baseline PROMs did not sig-
nificantly differ between those who did or did not undergo
reoperation as well as with those who experienced failure
(Table 3). Patients who met criteria for failure were older
in age than those who did not experience failure (P = .031).
Cox proportional hazards regression determined increasing
age to be associated with risk of MAT failure (P = .016; HR
= 1.04; 95% CI, 1.01-1.07) (Table 4).

The survival rates free of failure (revision MAT or UKA/
TKA) were determined to be 98.9%, 97.7%, 90.8%, 84.5%,
and 72.1% at 1, 2, 5, 10, and 15 years, respectively (Figure
3B). Log-rank testing found no difference in survivability
from failure based on sex, overweight (BMI �25.0) or obese
(BMI �30.0) status, smoker status, meniscal laterality
(medial vs lateral), or worker’s compensation (WC) status
(P � .061).

DISCUSSION

The primary finding from this investigation was that pri-
mary MAT demonstrates both efficacy and durability at
a minimum 10-year follow-up. Additionally, we found
that patients should be counseled that although reopera-
tion rates may approach 40% at 15 years, rates of overall

TABLE 3
Baseline Patient-Reported Outcome Measuresa

Preoperative P Valuesb

Characteristic None Reoperation Failure None vs Reoperation None vs Failure

Lysholm 44.3 6 18.7 51.4 6 21.5 42.4 6 19.0 .275 .632
IKDC 38.4 6 16.6 43.0 6 15.3 35.1 6 14.0 .457 .522
KOOS
ADL 70.4 6 18.0 79.0 6 15.9 69.4 6 15.0 .133 .705
Pain 58.1 6 16.3 60.8 6 20.2 54.6 6 15.9 .348 .387
QOL 26.3 6 18.1 32.1 6 21.9 25.5 6 18.3 .372 .780
Sport/Rec 26.9 6 22.7 29.5 6 16.8 28.6 6 24.9 .468 .862
SXS 56.7 6 18.2 58.6 6 21.0 57.8 6 21.4 .737 .966

aData are presented as mean 6 SD. ADL, Activities of Daily Living; IKDC, International Knee Documentation Committee; KOOS, Knee
injury and Osteoarthritis Outcome Score; QOL, Quality of Life; Sport/Rec, Sport and Recreation; SXS, Symptoms.

bWilcoxon rank-sum test.

TABLE 4
Cox Regression Analysis for Variables Associated With Failurea

Characteristic HR 95% CI P Value q Valueb

Age, y 1.04 1.01-1.07 .016 0.127
Female sex 1.26 0.67-2.35 .476 0.697
BMI .25.0 1.34 0.67-2.68 .402 0.697
BMI .30.0 1.53 0.66-3.52 .342 0.697
Lateral meniscal transplant 1.26 0.67-2.36 .479 0.697
Concomitant procedure 0.92 0.48-1.77 .806 0.859
Cartilage procedure 1.26 0.61-2.60 .544 0.697
OATS 0.93 0.12-7.01 .946 0.946
OCA 1.62 0.86-3.08 .145 0.465
ACI 0.30 0.07-1.27 .050 0.205
Particulated juvenile articular cartilage allograft 2.97 0.40-21.8 .361 0.697
DFO 1.90 0.26-14.0 .567 0.697
HTO 1.42 0.50-4.03 .533 0.697
ACLR 1.16 0.48-2.79 .746 0.852

aCartilage procedure is defined as concomitant osteochondral autograft transfer system (OATS) or osteochondral allograft transplantation
(OCA), autologous chondrocyte implantation (ACI), microfracture (MFX), or particulated juvenile articular cartilage allograft. Boldface P
value indicates statistical significance. ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; DFO, distal femoral osteot-
omy; HR, hazard ratio; HTO, high tibial osteotomy.

bFalse discovery rate correction for multiple testing.
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revision MAT and conversion to arthroplasty remain satis-
factorily low at long-term follow-up.

Varying definitions of failure exist in the MAT literature
and introduce additional heterogeneity when comparing
studies.20 Inclusion of clinical outcomes in a failure defini-
tion, such as a Lysholm survey score \65, may not accu-
rately assess postoperative, patient-specific satisfaction.
Dichotomous responses to satisfaction questionnaires are
important to report, such as the 86% satisfaction rate in
the present study. However, these results may lack nuance
for specific domains of patient well-being that are tested by
PROMs. Therefore, a strength of the present study is that it
assessed achievement of CSOs for PROMs at a 10-year min-
imum follow-up using cohort-specific thresholds.10,25 The
86% satisfaction rate was not ubiquitous among each CSO
examined, although a majority of patients did achieve the
MCID and PASS for each PROM examined. The SCB was
obtained by many patients; however, it was not as fre-
quently achieved as the MCID or PASS. Longevity in
patient satisfaction after MAT can be appreciated as even
after taking up to 11 months to achieve MCID or PASS after
MAT, patients may continue to obtain these CSOs at long-
term follow-up.12 Additionally, mean scores tended to
improve at later time points, particularly when compared
with 1-year scores. This is contrary to previous studies
that have reported possible depreciation in mean PROM
scores in certain populations.23

Compared with studies with similar allograft prepara-
tion techniques, Van Der Straeten and colleagues30 studied
313 patients who underwent MAT with fresh or fresh-
frozen allografts. The cumulative survivorship was 15.1%
at 24 years using a failure definition of subsequent TKA
or graft removal. However, the authors reported a mean
follow-up of only 6.8 years (range, 0.2-24.3 years) and did
not report the number of patients included in the analysis
who met 10-, 15-, or 20-year follow-up thresholds. In
a study of 48 patients who underwent combined OCA
and MAT at a mean follow-up of 6.8 years (range, 1.7-
17.1 years), Getgood et al6 reported a 10-year survivorship
of 73%. However, the authors defined failure as removal or
revision of either the OCA or MAT allograft, which limits
direct comparison to studies solely evaluating MAT
survivorship. Getgood et al6 used fresh-frozen grafts unless
an OCA shell allograft of the ipsilateral tibial plateau was
performed, in which case a fresh meniscal allograft was
used. In a study of predominantly fresh-frozen grafts,
Kim et al15 examined 49 consecutive MATs at a minimum
follow-up of 8 years. Having a broader definition of failure
as TKA, subtotal graft resection, or inferior Lysholm
scores, Kim and colleagues reported 10- and 15-year survi-
vorship rates of 98.0% and 93.3%, respectively. The com-
paratively inferior survivorship reported here is difficult
to explain because of similar indications for surgery. One
exception might be the exclusion of patients undergoing
concomitant osteotomy; however, the present study did
not detect a negative association with osteotomy and treat-
ment failure. Kim et al used various surgical techniques,
including the bone-bridge, bone plug, and keyhole techni-
ques. To our knowledge, no head-to-head comparison study
of these techniques exists, yet studies comparing soft

tissue and bone fixation techniques have shown similar
outcomes.13 Nevertheless, the graft survivorship reported
in the present study is similar to other long-term studies
examining both fresh and fresh-frozen grafts. Additional
long-term studies using lyophilized allografts exist and
show improvement in Tegner and Lysholm scores, yet
lyophilized allografts were found to be associated with
notable graft shrinkage and more severe Fairbank
changes.28,35 Reported 10-year survivorship for cryopre-
served allografts range from 45% to 90.3%, although defi-
nitions of failure used in the various studies are
heterogeneous.11,31,32 When compared with survivorship
across all graft preparation and surgical techniques with
long-term follow-up, the present study reports higher sur-
vivorship than the 10-year survival rate of 73.5% reported
by Novaretti et al.20

This investigation identified a trend toward improved
survivorship for concomitant autologous chondrocyte
implantation or microfracture. In total, 24 patients in the
present case series had either a concomitant autologous
chondrocyte implantation or microfracture, and only 2
cases met criteria for failure (91.7% 10-year survivorship),
which is higher than other reports at short-term and mid-
term follow-up.3,21 Comparisons with other studies are dif-
ficult, however, because cartilage restoration failure was
not considered as part of our definition. Apart from these
findings, only patient age was found to be a risk factor sig-
nificantly associated with failure. In a recent systematic
review conducted by Wang et al,33 prognostic factors for
MAT failure were examined in studies with a 2-year min-
imum follow-up (mean, 6.0 years). The review reported
conflicting evidence with respect to the influence of patient
age on survivorship. Only the presence of full-thickness
chondral lesions was reliably associated with inferior
MAT survivorship, whereas patient sex, BMI, tobacco
use, and concomitant osteotomy or ACLR at the time of
MAT were not found to be associated with failure.

Establishing long-term outcomes is critical for young
patients who have limited options in a symptomatic,
meniscus-deficient state. Although many studies examin-
ing early outcomes after MAT exist, few long-term studies
exist, particularly with follow-up beyond 10 years. Even
fewer studies report on outcomes of fresh-frozen grafts
transplanted using the bone-bridge technique, highlight-
ing the clinical use of the data presented in this study.

Limitations

This study is not without limitations. This study does not
include postoperative radiographic findings and is limited
to clinical outcomes. Therefore, we cannot comment on
MAT prevention of long-term changes in radiographic evi-
dence of osteoarthritis. Although the IKDC and KOOS
Sport/Rec questionnaires indirectly examine sporting
activity, we did not examine long-term return to sport
and previous performance rates. Patients included in this
study were treated by a single surgeon at a high-volume
institution, which may limit the generalizability of these
findings for patients undergoing primary MAT at other
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institutions with other surgeons. All retrospective reviews
are subject to the inherent biases related to recall and com-
plete record keeping. A substantial portion of patients had
\10-year follow-up, which may have introduced selection
bias. Finally, no control group was used, which limits the
internal validity of this study.

CONCLUSION

Primary MAT demonstrates efficacy and durability with
high rates of patient satisfaction at a minimum 10-year fol-
low-up. Patients should be counseled that although reoper-
ation rates may approach 40% at 15 years, rates of overall
revision MAT and conversion to arthroplasty remain satis-
factorily low at long-term follow-up.
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