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Background: Meniscal allograft transplantation (MAT) is an accepted and effective treatment option in the context of unsalvage-
able menisci, particularly in young and active patients. It has been shown to reduce pain and improve knee function in previously
symptomatic patients. However, there is still limited knowledge about the long-term survival rates of allografts, the durability of
clinical results, and the influence of patient-specific parameters, such as leg alignment, tibial slope, and preoperative International
Cartilage Regeneration & Joint Preservation Society (ICRS) grade.

Purpose: To determine (1) the long-term clinical success rate after MAT with bony fixation in a large, single-center cohort of con-
secutive patients, and (2) if patient-specific and procedural variables influence the clinical, anatomic, and subjective outcomes
and risk of failure.

Study Design: Case-control study; Level of evidence, 3.

Methods: Data on 185 consecutive knees undergoing MAT in a single institution were prospectively collected and screened for
inclusion in this study. The minimum follow-up time was 2 years. Radiographic variables (ICRS grade and Kellgren-Lawrence grade)
were assessed preoperatively and at follow-up. Subjective patient-reported outcome measures (PROMs) (Lysholm score, Knee
injury and Osteoarthritis Outcome Score [KOOS] including subscores, International Knee Documentation Committee [IKDC] score,
and visual analog scale [VAS] score) were collected preoperatively and at follow-up. Clinical failure was defined as revision surgery
due to graft failure or conversion to total knee arthroplasty. Anatomic failure was considered a tear covering .20% of the allograft,
any peripheral tear, and unstable peripheral fixation leading to dislocation of the graft. Subjective failure was defined as Lysholm
score �65. Preoperative tibial slope and leg alignment were assessed. Survival analyses were performed using the Kaplan-Meier
estimate. Univariate and multivariate analyses were performed to determine risk factors for clinical and anatomic failure.

Results: A total of 157 knees met inclusion criteria. After a mean follow-up time of 7 6 3.5 years, 127 (80.9%) knees were free of
clinical, anatomic, and subjective failure. Fourteen (8.9%) knees experienced clinical failure, 26 (16.6%) knees were identified as
having experienced anatomic failure, and 13 (8.3%) patients experienced subjective failure with a reported Lysholm score of
�65 at a mean follow-up of 7 years. Concurrent osteochondral allograft transplantation was identified as a predictor of both clinical
(hazard ratio [HR], 4.55; 95% CI, 1.46-14.17; P = .009) and anatomic (HR, 3.05; 95% CI, 1.34-6.92; P = .008) failure. Cartilage dam-
age of ICRS grade 3 or 4 of the index compartment conveyed an increased risk for clinical (HR, 3.41; 95% CI, 1.05-11.01; P = .04)
and anatomic (HR, 3.04; 95% CI, 1.31-7.11; P = .01) failure. High-grade cartilage damage preoperatively (HR, 10.67; 95% CI, 1.037-
109.768; P = .046), patient age.25 years (HR, 5.44; 95% CI, 0.120-246.070; P = .384), and a body mass index.30 (HR, 2.24; 95%
CI, 0.748-6.705; P = .149) were associated with subjective failure. PROMs including KOOS and IKDC were significantly improved at
final follow-up compared with preoperative scores across all measurements (P\ .005).

Conclusion: MAT showed good to excellent clinical results at a mean follow-up of 7 years. Low ICRS lesion grade was associ-
ated with a higher clinical and anatomic survival rate. Patients with concurrent OCA transplantation are at a higher risk of clinical
and anatomic failure, but still report significantly improved PROMs. These results suggest that MAT has a lasting beneficial effect
both in isolation and in complex cases with �1 concurrent procedures.
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The menisci are recognized as important anatomic struc-

tures in the knee, influencing biomechanical joint stability,

load distribution, shock absorption, decrease of contact
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stress, proprioception, and joint lubrication.5,19,40,41

Because of this vital role in maintaining joint homeostasis,

meniscal preservation techniques are the surgeon’s first

choice in the face of meniscal pathology. In an intact

knee, the medial and lateral menisci bear approximately

50% and 70% of the load, respectively.30 Meniscal tears

are frequent and were observed in 4% of individuals\40

years of age and 19% of individuals .40 years of age

with asymptomatic, uninjured knees.14 Among patients

reporting knee pain, the incidence of a structurally defi-

cient meniscus has been reported to exceed 70%.17 While

reparative approaches are usually the first line of treat-

ment, tissue-preserving surgery is not always feasible.

Consequently, primary or secondary (partial) meniscec-

tomy remains the most frequently performed arthroscopic

surgery of the knee joint for symptomatic, irreparable

meniscal tears, with 760,000 outpatient procedures per-

formed annually in the United States.29 A deficient menis-

cus will alter the biomechanical and biological condition of

the knee joint, resulting in increased contact pressure of

the knee and initiating a cascade of often painful joint

degeneration.9,62 Meniscal allograft transplantation

(MAT) is an established treatment for postmeniscectomy

syndrome, which is characterized by a symptomatic pain

developing after meniscectomy.15 Substitution of the

resected meniscus by an allograft can restore meniscal

function and prevent rapid degeneration of the joint by

decreasing contact pressure of the articular cartilage sur-

face and alleviating pain.18

MAT has been used in clinical practice since the late

1980s and is currently a widely accepted treatment option,

especially for young and active patients experiencing post-

meniscectomy syndrome.16,53 While full restoration of joint

biomechanics and contact pressure by an allograft has not

yet been obtained, significant improvements were found in

biomechanical studies in an in vitro setting.3,31,69 Despite

structural limitations, a meta-analysis of 3157 MAT proce-

dures found significantly improved clinical outcomes at

medium- and long-term follow-up.16 Graft survival rates

ranging from 60% to 86% after 10 and 15 years have

been reported, indicating lasting ingrowth of the graft

and stable treatment results.27,51,54,72 However, current

evidence of long-term allograft survivorship and function

is limited due to small study sizes rarely exceeding 100

patients,25,48,75 unstandardized definitions of clinical and

anatomic failure, and heterogeneous study cohorts.75,77

Furthermore, relevant information such as preoperative

Kellgren-Lawrence or Tönnis grade, preoperative Interna-

tional Cartilage Regeneration & Joint Preservation Society

(ICRS) grade, tibial slope, and leg alignment are often

underreported, impeding interpretation of presented

data.11,26,37

Previous studies have identified generalized degenera-

tive arthritis as a prognostic factor for poor allograft func-

tion and survival, leading to exclusion of these patients in

a variety of studies.26,48,55,63,73,79 However, recent evidence

suggests that even in knees with severe focal chondral dam-

age, MAT can be an effective treatment, leading to improved

clinical scores and decreased pain, especially when com-

bined with cartilage procedures.1,4,22,45,68 However, the

potential chondroprotective capability of MAT, and there-

fore its role as a preventive procedure in the asymptomatic

knee, remains controversial.46,64,70,74,77,78 Currently, it is

unclear if extended cartilage damage imposes a contraindi-

cation for MAT; therefore, patients with high-grade articu-

lar damage were not excluded from this study.

The purpose of the present study was to report the clin-

ical results, graft survivorship, and failure rate of a large

cohort of MAT procedures performed with bone fixation in

a single center over an extended period. The secondary

aim was to identify potential radiographic, surgical, and

patient-specific risk factors for MAT failure and secondary

surgeries, and thereby identify predictors for successful clin-

ical use. We hypothesized that an increased preoperative

ICRS grade of the index compartment, an elevated preoper-

ative Kellgren-Lawrence grade, the complexity of cases (pre-

vious procedures and concurrent surgery), body mass index

(BMI), and patient age could affect graft survival rate,

radiographic results, and patient-reported outcome meas-

ures (PROMs).

METHODS

Study Population and Design

This was a retrospective review of prospectively collected

data on all MAT procedures that were performed at a single
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||Department of Orthopaedics, University Medical Center Utrecht, Utrecht, the Netherlands.
Submitted December 22, 2022; accepted September 15, 2023.

One or more of the authors has declared the following potential conflict of interest or source of funding: M.H. was funded by Deutsche Forschungsge-
meinschaft (DFG; German Research Foundation) Projektnummer 466023693. The authors acknowledge support from the Foderaro-Quattrone Musculo-
skeletal-Orthopaedic Surgery Research Innovation Fund. M.J.S. has received royalties, consulting fees, and compensation for services other than
consulting from Arthrex Inc; and research support from Stryker. B.A.L. has received royalties, consulting fees, and compensation for services other
than consulting from Arthrex Inc; consulting fees from Smith 1 Nephew; and speaking fees from Linvatec. D.B.F.S. has received consulting fees from
Smith 1 Nephew and research support from JRF. A.J.K. has received research support from Aesculap/B.Braun, Arthrex, Arthritis Foundation, Ceterix,
and Histogenics; consulting fees from Arthrex, JRF Ortho, Vericel, and Responsive Arthroscopy; royalties from Arthrex and Responsive Arthroscopy; hon-
oraria from JRF, Vericel, and Musculoskeletal Transplant Foundation; grant from DJO; and personal fees from Ceterix Orthopaedic, Gemini Mountain Med-
ical, and Smith 1 Nephew. AOSSM checks author disclosures against the Open Payments Database (OPD). AOSSM has not conducted an independent
investigation on the OPD and disclaims any liability or responsibility relating thereto.

AJSM Vol. 52, No. 1, 2024 Survivorship of Arthroscopic MATs Using Bone Fixation 97



institution (Mayo Clinic) from 2005 to 2020. Institutional

review board approval was obtained before the beginning

of the study (IRB No. 15-000601), and all patients provided

informed consent. A search of the institutional medical

records database was performed to identify all patients

who were treated with a MAT procedure. Patients were

included if they underwent either medial or lateral MAT

surgery and reached a minimum follow-up time of 2 years.

Age, elevated preoperative osteoarthritis grade, and concur-

rent procedures were not limitations for inclusion. Exclu-

sion criteria consisted of (1) soft tissue fixation of the

allograft and (2)\2 years of follow-up. Accordingly, 157 of

185 patients were enrolled in this study. Twenty-eight

patients were excluded due to loss to follow-up (Figure 1).

Eligibility criteria for MAT surgery were unicompart-

mental knee pain and/or discomfort after meniscectomy

thought to be caused by loss of meniscal tissue. In cases

with axial varus malalignment �5� and/or instability of

the knee joint, a corrective osteotomy or stabilization pro-

cedure was performed at the time of transplantation. Car-

tilage lesions were addressed concomitantly or before the

MAT procedure. In case of concomitant anterior cruciate

ligament (ACL) revision surgery, bone grafting was rou-

tinely performed before the MAT procedure.

Surgical Technique and Rehabilitation

All MAT procedures were performed at a single institution

using fresh-frozen size-matched allografts that were pro-

vided by commercial vendors. Size matching was carried

out according to the methods introduced by Pollard

et al60 and Van Thiel et al.76

All patients underwent MAT with bony fixation of the

graft. All medial allografts were carried out with the

bone plug technique.80 Lateral allografts were fixated

with either the bone plug technique or the dovetail tech-

nique.35 The surgical techniques used in this study for

MAT have been described in detail previously by the senior

author (A.J.K.).57,80 The sequence of the procedure for

patients receiving osteochondral allograft (OCA) alongside

MAT involved completing the meniscal transplantation

phase first, followed by the OCA phase using a mini-

arthrotomy. It is important to note that for patients under-

going MAT simultaneously, the meniscal repair sutures

were not tied until after the OCA had been positioned,

and these sutures were tied with the knee fully extended.

In cases where concomitant high tibial osteotomy was per-

formed, the osteotomy phase was conducted as the final

step, after the completion of OCA (and after MAT if

applicable).

The postoperative rehabilitation protocol started with

a restricted range of motion (ROM) of 90� and partial

weightbearing in full extension using crutches for 4 weeks.

Isometric exercises, cryotherapy, and closed-kinetic chain

strengthening were performed. At 4 weeks after operation

(OP), weightbearing as tolerated was allowed, full ROM

and aerobic exercise were introduced, and the knee immo-

bilizer was discontinued. At week 16, patients were

allowed to return to activity as tolerated and a jogging pro-

gram was initiated. Basic plyometric exercises were intro-

duced with caution to avoid loaded high knee flexion.

Attention was shifted to strength, endurance, and proprio-

ception training. Noncontact sports were allowed after 6

months, with a return to high-demand sports after 8

months. There were no substantial differences in rehabili-

tation protocol between patients treated with a solitary

MAT and patients undergoing MAT and concurrent ACL

revision or OCA transplantation. Patients undergoing con-

comitant alignment-correcting osteotomy performed touch

weightbearing for 5 weeks in full extension and progressed

to full weightbearing within 3 weeks thereafter.

Patient Evaluation

Patient-specific details were manually extracted from

medical charts, including radiographic studies, postoper-

ative procedures, and clinical evaluations. Concomitant

pathologies were assessed using a combination of clinical,

radiographic, and magnetic resonance imaging (MRI)

findings; confirmed intraoperatively; and documented in

surgical reports. The extent of cartilage lesions was

graded preoperatively using the ICRS classification based

on MRI (Table 1).8 Routine preoperative radiographic

examination included standing anteroposterior, 45� flex-

ion weightbearing posteroanterior, lateral, Merchant, and

standing long-leg anteroposterior views. Kellgren-Lawrence

grade was assessed using radiographs taken pre- and post-

operatively. Tibial slope was measured on lateral knee

radiographs, and mechanical leg axis was measured on pre-

operative standing long-leg films. All radiographic measure-

ments were carried out by a fellowship-trained orthopaedic

surgeon (M.H.). In case of concomitant alignment correc-

tion, immediate postoperative radiographs were used for

determination of tibial slope and leg axis. The allograft

was assessed using postoperative MRI and/or follow-up

arthroscopy. Second-look procedures were solely preformed

Figure 1. Flowchart displaying patient selection for this
study. MAT, meniscal allograft transplantation.
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for clinical indications such as persistent pain and limited

ROM. PROMs were recorded preoperatively and at the final

follow-up. Patients were contacted by telephone and email

by 3 authors (M.H., K.P., A.W.). Patients were considered

lost to follow-up when no adequate contact information

was available or if no response could be acquired after 3

attempts of contact via telephone, followed by 3 emails

sent out over 3 weeks. Pre- and postoperative International

Knee Documentation Committee (IKDC) Subjective Knee

Evaluation Form, a 0- to 10-point visual analog scale

(VAS) for pain, and Knee injury and Osteoarthritis Outcome

Score (KOOS) including subscores were recorded.81 The

Lysholm score was recorded at the final follow-up.13 All pro-

cedures performed during the follow-up period were

documented.

Definition of Failure

Anatomic failure was defined as a tear involving .20% of

the allograft, any peripheral tear, and unstable peripheral

fixation leading to dislocation of the graft confirmed by

MRI or second-look arthroscopy. MRI grading was based

on the criteria of Stoller71 and was evaluated by a

fellowship-trained orthopaedic surgeon (M.H.) who did not

perform the surgeries. Clinical failure was considered as

revision surgery due to graft failure (including meniscec-

tomy of .50% of graft and revision MAT), axis-correcting

osteotomies due to clinical symptoms, conversion to total

knee arthroplasty, and unicondylar knee arthroplasty. Sub-

jective failure was defined as Lysholm score �65 at the final

follow-up. This threshold was chosen as it has been estab-

lished as the threshold postoperative score that best reflects

satisfied patients by previous studies.26,49

Statistical Analysis

Descriptive statistics including mean, standard deviation,

and range were used to characterize results with continuous

values, while percentages were used for proportions. Patient

and surgery details were compared between groups using

Wilcoxon rank-sum tests for continuous variables (age,

BMI, lesion size, and number of implants) and Fisher exact

tests for categorical variables (sex, laterality, surgery type,

condyle location, lesion stability, and implant material).

Kaplan-Meier survival curves were constructed for the

entire study population and subgroups to compare failure

rates. Survival proportions at 2, 5, 7, and 10 years and

a mean survival time were calculated. A univariate Cox pro-

portional hazards model was used to analyze the risk of fail-

ure based on patient-specific and radiographic parameters.

Within each group, other risk factors for failure were

assessed using odds ratios and Fisher exact tests for dichot-

omous variables along with nominal logistic fit models for

continuous or ordinal variables. Significant variables were

used to construct a multivariate Cox proportional hazards

model for the effect of these variables on failure rate. The

PROMs were compared using Wilcoxon rank-sum tests;

analyses were performed between pre- and postoperative

scores for each measure within each group, and for the base-

line and final scores between groups.

RESULTS

A total of 157 patients (93 men and 64 women), with a mean

follow-up of 7 6 3.5 years, were included (Table 2). The

cohort’s mean age at index surgery was 24.9 6 8.6 years.

Patients had a mean of 1.7 6 1.1 previous surgeries before

MAT and a mean period of 2.7 6 3.1 years from the first

meniscal surgery to MAT. Among them, 82 (52%) patients

had medial MAT, while 75 (48%) patients underwent lateral

MAT. At index surgery, 10.8% had normal cartilage (ICRS

grade 0), while varying degrees of cartilage damage were

observed in the remaining cases. Isolated MAT was per-

formed on 29% of patients, while 71% underwent concurrent

procedures, most commonly ACL reconstruction (39%), OCA

(20%), and contralateral meniscal repair (14%) (Table 3).

Patients underwent 1.7 6 1.1 surgeries of the same

knee before the index surgery, and 2.7 6 3.1 years passed

from the first meniscal procedure until MAT. A total of 45

surgeries were performed after MAT, with diagnostic

arthroscopy (n = 25) being the most frequent procedure

(Table 4).

Clinical Failure

Clinical failure occurred in 14 (8.9%) knees after a mean

follow-up of 71.2 6 44.2 months (range, 24-198 months).

Eight (57.1%) medial MAT and (42.9%) 6 lateral MAT failed.

Failures were addressed with a meniscectomy of .50% of

the graft in 5 cases, a resection of the graft in 6 cases, a con-

version to total knee arthroplasty in 2 cases (at patient ages

of 28 and 33 years), and an unsuccessful graft refixation in 1

case. Of the failures, 4 grafts were fixed with the dovetail

technique and 10 grafts had a bone plug fixation. The 5-

and 10-year clinical survival rates of MAT in our series

were 96.8% and 93%, respectively.

The mean survival rates of medial and lateral MATs did

not differ (Figure 2). The survival probability of patients

TABLE 1

International Cartilage Regeneration & Joint Preservation

Society Osteochondritis Dissecans Grading System8

Grade Description

0 Normal cartilage

1 Nearly normal cartilage: superficial lesions.

Soft indentation (A) and/or superficial

fissures and cracks (B)

2 Abnormal cartilage: lesions extending down

to\50% of cartilage depth

3 Severely abnormal cartilage: cartilage defects

extending down .50% of cartilage depth

(A) as well as down to calcified layer (B) and

down to but not through the subchondral

bone (C); blisters are included in this grade

(D)

4 Severely abnormal cartilage: penetration

through the subchondral plate
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treated with concurrent OCA was lower than that of patients

without a concurrent OCA (P = .01) (Figure 3). In a univariate

Cox regression analysis, concurrent OCA conveyed a hazard

ratio (HR) for clinical MAT failure of 4.6 (95% CI, 1.5-14.2;

P = .009) (Table 5). Low or no preoperative cartilage damage

of the index compartment (grade 0 and 1) was associated

with a higher survival probability than higher-grade carti-

lage damage (grades 2-4) according to the ICRS classification

(P = .033) (Figure 4). An elevated Kellgren-Lawrence score

before MAT increased the risk of clinical failure (HR, 2.01;

95% CI, 1.002-4.038; P = .049) (Figure 5). BMI, age at index

surgery, fixation technique, and tibial slope were not signifi-

cant risk factors for clinical failure (Table 5).

Anatomic Failure

In all, 26 (16.6%) patients experienced anatomic failure. Of

these, 10 patients were also graded as experiencing clinical

failure, and 6 patients had a Lysholm score\65. Of the 26

patients who were classified having experienced anatomic

failure, 13 underwent a reoperation. Four patients were

treated with a partial meniscectomy, 1 graft was refixed,

4 grafts were resected, 1 patient was converted to total

knee arthroplasty, and 3 knees were subject to a revision

MAT. The survival rate as defined by anatomic failure

was 91.7% at 2 years, 88.5% at 5 years, 86.9% at 7 years,

and 85.1% at 10 years (Figure 6). Concurrent OCA proce-

dure (HR, 3.049; 95% CI, 1.344-6.916; P = .0076) and

higher-grade ICRS (grades 3 and 4) cartilage status pre-

MAT (HR, 3.042; 95% CI, 1.301-7.112; P = .01) conveyed

an elevated risk for anatomic failure (Table 5). The multi-

variate Cox proportional hazards model, adjusting for

cofounders, reported a significant effect of high-grade car-

tilage damage preoperatively on anatomic failure rate (HR,

3.211; 95% CI, 1.213-8.472; P = .001) (Table 6).

TABLE 2

Descriptive and Clinical Patient Characteristics of 157

Patientsa

Value

Age at index surgery, y 24.9 6 8.6

BMI at index surgery 27.2 6 5.8

Sex

Male 93 (59)

Female 64 (41)

Laterality

Right 72 (46)

Left 85 (54)

Compartment

Medial 82 (52)

Lateral 75 (48)

Tibial slope .12� 63 (40)

Time from first meniscal surgery to MAT, y 2.7 6 3.1

No. of previous surgeries 1.7 6 1.1

Kellgren-Lawrence grade at index surgery

0 77 (49)

1 68 (43)

2 11 (7)

3 0 (0)

4 1 (1)

ICRS grade at index surgery

0 17 (11)

1 18 (11)

2 71 (45)

3 20 (13)

4 31 (20)

aData are shown as mean 6 SD or as n (%). BMI, body mass

index; MAT, meniscal allograft transplantation.

TABLE 3

Concurrent Procedure Performed at the Time of Meniscal

Allograft Transplantation in the Same Kneea

Procedure No. of Patients (%)

Isolated MAT 46 (29)

Combined MAT 111 (71)

ACL reconstruction 62 (39)

Osteochondral allograft transplant 31 (20)

Meniscal repair–other compartment 22 (14)

High tibial osteotomy 13 (8)

Distal femoral osteotomy 9 (6)

Chondroplasty 6 (4)

Microfracture 3 (2)

PCL reconstruction 3 (2)

ALL reconstruction 3 (2)

8-plate epiphysiodesis 1 (0.5)

OCD refixation 1 (0.5)

aACL, anterior cruciate ligament; ALL, anterolateral ligament;

MAT, meniscal allograft transplantation; OCD, osteochondritis

dissecans; PCL, posterior cruciate ligament.

TABLE 4

Surgeries Before and After MATa

No. of Previous Surgeries No. of Knees

0 7

1 79

2 37

3 23

4 8

5 1

6 2

Type of surgery before MAT

Partial meniscectomy 157

(Sub-)total meniscectomy 26

ACL reconstruction 72

Bone grafting 9

Meniscal repair 41

Surgeries after MAT

Partial meniscectomy 7

Refixation of graft 4

Repair of graft 1

Resection of graft 6

Total knee arthroplasty 2

Diagnostic arthroscopy 25

aACL, anterior cruciate ligament; MAT, meniscal allograft

transplantation.
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The anatomic survival rate was significantly higher in the

group with a low cartilage grade than in the cohort with high

ICRS grades (P = .003, log-rank test) (Figure 7).

PROMs and Subjective Failure

Outcomes were assessed using the IKDC score, KOOS, and

Lysholm score (Figure 8). Overall, PROMs improved com-

pared with the preoperative state. The mean differences

between scores at the final follow-up were significantly

increased when compared with preoperative scores

(P \ .05). Overall, the mean final IKDC score was 79.6 6

17.3, and the mean final KOOS values were 89.1 6 13.2 for

pain, 77.2 6 21.8 for symptoms, 93.4 6 11.1 for activities of

daily living, 72.7 6 25.3 for sports, and 67 6 23.2 for quality

of life. The VAS score was 1.7 6 1.8 at the final follow-up.

Thirteen (8.3%) patients reported a Lysholm score of

�65 and were considered to have experienced subjective

failure of the MAT procedure at the final follow-up. Of

these patients, 3 were found to have also experienced clin-

ical failure and 7 experienced anatomic failure. The mean

Lysholm score of the subjective failure cohort was 41.5 6

13.1, while the score of the overall study population was

Figure 2. Kaplan-Meier estimates of clinical failure accord-
ing to compartment (lateral/medial).

Figure 3. Kaplan-Meier survival curve for clinical failure
according to concurrent osteochondral allograft (OCA)
transplantation.

TABLE 5

Univariate Analysis of the Hazards for Anatomic and Clinical Failure Based on Patient-Specific Variablesa

Variable

Clinical Failure Anatomic Failure

HR 95% CI P Value HR 95% CI P Value

Age at index surgery 1.026 0.97-1.086 .367 1.015 0.979-1.052 .419

Sex, male 0.493 0.17-1.431 .193 1.189 0.547-2.586 .662

BMI 0.938 0.843-1.044 .238 1.003 0.946-1.062 .933

Laterality, right 0.924 0.307-2.773 .887 2.389 1.036-5.512 .041

Number of previous surgeries 1.137 0.756-1.711 .536 1.171 0.847-1.619 .339

Time from first surgery to MAT 0.996 0.981-1.013 .681 0.999 0.987-1.012 .889

Compartment, lateral 0.958 0.33-2.778 .958 1.275 0.557-2.919 .565

Fixation, bone blocks 1.13 0.347-3.680 .839 0.468 0.138-1.583 .222

Outerbridge grade at index surgery 1.515 0.952-2.413 .08 1.218 0.892-1.662 .215

Concurrent OCA 4.545 1.458-14.167 .009 3.049 1.344-6.916 .0076

High-grade ICRS cartilage status before MAT 3.405 1.053-11.014 .041 3.042 1.301-7.112 .01

Kellgren-Lawrence grade before MAT 2.01 1.002-4.038 .049 1.237 0.716-2.137 .446

Tibial slope 1.028 0.889-1.188 .708 0.975 0.868-1.095 .672

Tibial slope .12� 1.305 0.451-3.782 .623 0.779 0.343-1.768 .55

aBoldface P values indicate statistical significance. BMI, body mass index; HR, hazard ratio; ICRS, International Cartilage Regeneration

& Joint Preservation Society; MAT, meniscal allograft transplantation; OCA, osteochondral allograft.
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78.3 6 20.6. With univariate analysis, high-grade cartilage

damage preoperatively (HR, 10.67; 95% CI, 1.037-109.768;

P = .046) and patient age .25 years (HR, 5.436; 95% CI,

0.120-246.070; P = .384) were associated with subjective

failure. A BMI .30 conveyed a hazard ratio of 2.24 (95%

CI, 0.748-6.705; P = .149) for subjective failure.

DISCUSSION

This study reported on a mean 7-year follow-up for 157

patients who underwent MAT with bony fixation. The prin-

cipal finding of this investigation was that good survival

rates, increased patient satisfaction, and clinical scores

can be expected after a follow-up of up to 16 years. It was

found that better cartilage status was associated with

higher clinical and anatomic survival rates, while concur-

rent OCA transplantation was associated with significantly

worse clinical, anatomic, and subjective outcomes.

Survivorship in the current study was high at 91.1%. A

systematic review conducted by Novaretti et al54 in 2019,

which included 688 MAT cases from 11 studies, reported

an overall survival rate of 73.5% at 10 years after trans-

plantation. This indicates that a significant proportion of

patients maintain a functioning transplanted meniscus

over the long term.

Furthermore, a study by Elattar et al in 201118 examined

the survivorship of MAT in a large cohort of 1068 patients.

The authors reported, whatever the follow-up period and

the scoring system used, patients continuously showed clin-

ical improvement.

It is worth noting that survivorship rates can vary

depending on various factors such as patient age, activity

level, concomitant knee pathologies, and surgical techni-

ques. A study by Noyes et al in 200455 evaluated the survi-

vorship of MAT in young and active patients and found

a survival rate of 63% at 10 years, emphasizing the impor-

tance of patient selection in achieving favorable outcomes.

While survivorship rates indicate the longevity of the

transplanted meniscus, it is important to consider that

individual patient outcomes can vary. Factors such as graft

extrusion, graft degeneration, and subsequent knee osteo-

arthritis can influence the functional outcomes and survi-

vorship of MAT.

The presented study population was exclusively treated

with MAT with bone fixation (Figure 9 and 10). Multiple

biomechanical studies and meta-analyses have shown

that soft tissue fixation of the graft is associated with

higher contact pressure of the articular cartilage, elevated

failure rate, and more frequent reoperations of the

graft.2,12,52,56,58 It was found that the risks of failure and

reoperation were the lowest in patients receiving trans-

planted allografts secured using bone plugs.56 However,

consensus is lacking regarding the recommended method

of MAT fixation, and the selection of fixation technique

stems from individual surgeon preference, leading to lim-

ited comparability between studies. Interestingly, a recent

large (324 procedures) case series by Grassi et al26 reported

a clinical failure rate of 21.6% in a surgical cohort treated

with soft tissue fixated MAT, significantly exceeding the

findings of the current study (8.9%). However, their

patient cohort was older (mean, 39.5 years), complicating

the comparison and interpretation of the results. Lee

et al42 reported on 222 procedures of MAT with bone fixa-

tion and found a clinical failure rate of 11%. Similar results

were recently presented by Kim et al,36 with a clinical fail-

ure rate of 8%, corresponding with the finding of the pres-

ent study.

The study cohort’s mean age of 25 years was notably

young, setting it apart from other large MAT case series,

which have generally studied older patient

cohorts.26,38,48,75,77,83,84 MAT is generally considered an

effective reconstructive procedure that can improve symp-

toms in the affected compartment of the meniscectomized

knee and delay progression of articular cartilage degener-

ation. MAT is indicated in young patients with a meniscal

deficiency as they are at high risk of early-onset knee

osteoarthritis and are not candidates for arthroplasty.44

However, ligamentous instability, malalignment, and

high-grade articular cartilage loss have been identified to

negatively influence MAT outcomes.10,23,34 Accordingly,

111 (71%) procedures in the present study were carried

out with �1 concurrent surgeries (154 in total), addressing

ligamentous instability, malalignment, and cartilage dam-

age. This corresponds with a systematic review by Rosso

et al65 that reported that �1 concomitant procedures

were performed with MAT in 51% of the cases included

in their analysis. This trend addresses the well-

documented finding that isolated MAT without correction

of accompanying pathologies such as ligament laxity,

malalignment, or chondral wear will lead to poorer

results.10,24,73 Hence, the number of concurrent surgeries

Figure 4. Kaplan-Meier survival curve for clinical failure
according to preoperative International Cartilage Regenera-
tion & Joint Preservation Society (ICRS) grade of the index
compartment.
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Figure 5. Forest plot of risk factors for failure and conferred risk ratio. Blue lines, anatomic failure; black lines, clinical failure. BMI,
body mass index; ICRS, International Cartilage Regeneration & Joint Preservation Society; MAT, meniscal allograft transplanta-
tion; OCA, osteochondral allograft.

Figure 6. Kaplan-Meier estimate of survival according to different endpoints. (A) Survival time to clinical failure. (B) Survival time
to anatomic failure. (C) Survival time to subjective failure.

TABLE 6

Cox Proportional Hazards Model Analysis According to ICRS Gradea

ICRS Grade

Univariate Multivariate

HR 95% CI P Value HR 95% CI P Value

Anatomic survival rate High gradeb 3.042 1.301-7.112 .01 3.211 1.213-8.472 .001

Clinical survival rate High gradeb 3.405 1.053-11.014 .041 3.323 0.651-15.358 .131

aBoldface P values indicate statistical significance. HR, hazard ratio; ICRS, International Cartilage Regeneration & Joint Preservation

Society.
bReference: low ICRS grade (grades 1 and 2).
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can be used as a global measure of the general condition of

the treated knee. Therefore, worse outcomes may be antic-

ipated in patients undergoing concurrent procedures com-

pared with those undergoing isolated MAT. While most

studies report primarily on isolated MAT procedures, the

present study investigated a unique population ratio with

.70% of patients undergoing �1 concurrent procedures,

which reflects a high case complexity.43

Articular cartilage damage to the femoral condyles is

common in the postmeniscectomy state.67 This is caused

by increased pressure applied to the articular chondral

surface, increasing contact loading on chondrocytes.47

While historically MAT was considered contraindicated

in the presence of high-grade focal articular cartilage

lesions, studies began to emerge suggesting favorable

results when combining MAT with cartilage restorative

procedures.6,24,66 In the present study, we report results

for 31 patients who underwent OCA transplantation for

symptomatic cartilage defects. MAT carried out concur-

rently with OCA transplantation was associated with ele-

vated failure rates in all categories compared with MAT

without OCA transplantation. However, PROMs signifi-

cantly improved, and the clinical, anatomic, and subjective

failure rates at the final follow-up were low. Our findings

are consistent with the results of 4 other published inves-

tigations that have specifically examined clinical results

after combined MAT and OCA.1,23,24,66

Cartilage status of the index compartment has been iden-

tified as a prognostic factor for MAT outcome in the present

study. These results are supported by previous studies that

have reported a correlation between ICRS grade and clinical

and anatomic failure rates.7,48,59 However, caution has to be

taken when comparing failure rates among different MAT

case series because the definitions of clinical and anatomic

failure vary and remain controversial. Various criteria are

in use as a definition of failure, including graft repair, graft

resection, conversion to total knee arthroplasty, clinical

Figure 7. Anatomic survival according to preoperative carti-
lage status. ICRS, International Cartilage Regeneration &
Joint Preservation Society.

Figure 8. Comparison of International Knee Documentation
Committee (IKDC) Subjective Knee Evaluation Form and
Knee injury and Osteoarthritis Outcome Score (KOOS)
results. Error bars indicate standard error. ADL, activities of
daily living; QOL, knee-related quality of life; Sports, function
in sports and recreation; Sx, symptoms.

Figure 9. Magnetic resonance imaging scans of a medial
meniscal allograft 3 years after transplantation showing ana-
tomic positioning and healing of allograft in (left) sagittal and
(right) coronal sections.

Figure 10. Magnetic resonance imaging scans of a lateral
meniscal allograft 3 years after transplantation and concur-
rent lateral femoral condyle osteochondral allograft trans-
plantation for a 16 3 16-mm full-thickness osteochondral
defect. Shown are anatomic positioning and healing of allo-
graft in the (left) sagittal and (right) coronal sections.
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outcomes, PROMs, MRI evidence, and second-look arthros-

copy. Furthermore, patient-specific parameters vary widely

among studies, and objective quantification of outcomes is

not always available.36,50,54,56 Therefore, the present study

reports clinical, anatomic, and subjective outcomes, avoid-

ing amalgamating patient-reported outcomes with objective

clinical diagnostic modalities, such as MRI and second-look

procedures. Lee et al48 reported the effect of ICRS lesion

grade on graft survival after medial MAT, assuming a differ-

ence in outcomes between medial and lateral MAT. Such an

effect was not found in the present study, as results between

medial and lateral MAT did not differ. However, the authors

found a disparity in outcomes wherein high-grade ICRS

lesions were associated with worse anatomic outcomes,

while patients still reported fair and improved PROMs.48

A similar association was present in the current study.

Despite a higher anatomic failure rate among patients

with high-grade cartilage damage, PROMs remained stable

and above the limits of subjective failure (KOOS, 72; IKDC,

70; Lysholm, 69). The minimal clinically important differ-

ence (MCID) for the IKDC score is 16.7 at 12 months, which

the difference in the high ICRS grade subgroup did not sur-

pass, thus being indicative of a clinically silent change and

leading us to question the clinical relevance of a graft tear in

some cases.28 Of note, surgeons need to be aware that even

in clinically satisfied patients with good self-reported out-

comes, a tear of the graft can be present. Corresponding to

the ICRS grade, patients with a Kellgren-Lawrence grade

.2 were at increased risk for clinical failure. However,

MAT still improved the KOOS and IKDC score in those

patients, indicating a beneficial effect of meniscal restora-

tion even in patients with moderate preoperative osteoar-

thritis. Thus, MAT might have a potential role as

a salvage procedure in selected older patients with arthritic

changes of the knee, as a recent study found positive effects

of meniscal preservation in older patients.32 The

distribution-based MCID in patients after MAT was also

determined for the Lysholm score (12.3) and the KOOS

Pain (9.9), Symptoms (9.7), Activities of Daily Living (9.5),

Sport (13.3), and Quality of Life (14.6) subscores.49 All

thresholds were surpassed in the current study, indicating

a relevant clinical effect of MAT on PROMs.

Other patient-specific factors such as age at index sur-

gery, BMI, sex, leg axis, and tibial slope had no significant

effect on measured outcomes. Similar results were

reported by Frank et al,21 who reported that PROMs

improved similarly after MAT in both patients aged �40

and those\40 at the final follow-up with no significant dif-

ferences in MCID achievement rate, complication rate,

reoperation rate, time to reoperation, or failure rate

between groups. These results align with the current study

in which no significant effect of age on radiographic and

clinical failure was detected. Previous studies have sug-

gested that patients with obesity had an increased rate of

graft failure.33 The mean BMI in our study group was

27.2, indicating that our study cohort was overweight

according to the definition of the World Health Organiza-

tion, but not obese, with only 9 patients with a BMI

�30.61 This might have influenced the positive results of

our study, because increased body weight is known to

accelerate the progression of osteoarthritis and increase

the risk of degenerative meniscal tears.20 The tibial slope,

known to affect survival of ACL reconstructions, had no

significant statistical influence on anatomic, clinical, and

subjective survival of MAT. However, a slope of .12� was

present in 63 patients at a mean of 14.1�, which might

not be enough to have a relevant clinical effect.82

There are limitations in our study design. First, selec-

tion bias might be present as this was a retrospective

study. Collection of clinical scores via telephone might

be subject to reporting and recall bias. However, previous

studies showed that PROMs could be reliably collected

through telephone interviews.39 Second, we separated

PROMs from objective clinical outcomes such as MRI

findings, radiographs, and second-look arthroscopy. Fur-

thermore, we distinguished between clinical and ana-

tomic failure. We are convinced this precise approach

generates a good interpretation basis and avoids overlap

of subjective and objective outcomes. However, it might

impede comparability to other MAT studies using less

precise definitions of failure. Third, we describe a single

method of treatment for one patient cohort without com-

parison with another treatment approach. This is due to

evidence that bone fixation of MAT is most likely superior

to soft tissue fixation.56 Fourth, the Lysholm score was

only collected at the final follow-up as a commonly used

parameter for subjective outcome of MAT.26,48,84 There-

fore, it cannot be compared with a preoperative score.

However, the KOOS and IKDC score were collected at 2

time points, and a correlation between scores has previ-

ously been reported.13 As a result, validated presentation

of PROMs is ensured. In many cases, MAT was carried

out concomitantly with additional procedures. In these

cases, it is not possible to differentiate between the effect

of MAT and the concomitant procedure on outcome meas-

ures. Furthermore, after OP MRI was performed accord-

ing to symptoms, leaving the possibility that anatomic

failure occurred without symptoms and could have been

missed due to lack of radiographic follow-up. Despite

these limitations, our study reports on a large, young pop-

ulation treated with medial and lateral MAT in the con-

text of mostly complex cases. Follow-up with up to 16

years is relatively high compared with previous studies,

but the heterogeneity of length of follow-up in our cohort

is a significant limitation. Furthermore, this study exam-

ines the effect of tibial slope on clinical, anatomic, and

subjective outcomes, considering the currently scarce

data available on this correlation.

CONCLUSION

MAT showed good to excellent clinical results at a mean

follow-up of 7 years. Low ICRS lesion grade was associated

with a higher clinical and anatomic survival rate. Patients

with concurrent OCA transplantation are at higher risk of

clinical and anatomic failure but still report significantly

improved PROMs. These results suggest that MAT has

a lasting beneficial effect both in isolation and in complex

cases with �1 concurrent procedures.

AJSM Vol. 52, No. 1, 2024 Survivorship of Arthroscopic MATs Using Bone Fixation 105



ORCID iDs

Martin Husen https://orcid.org/0000-0002-2852-9542

Allen Wang https://orcid.org/0000-0001-9630-6650

Michael J. Stuart https://orcid.org/0000-0002-2281-0018

Aaron J. Krych https://orcid.org/0000-0003-3248-8007

REFERENCES

1. Abrams GD, Hussey KE, Harris JD, Cole BJ. Clinical results of com-

bined meniscus and femoral osteochondral allograft transplantation:

minimum 2-year follow-up. Arthroscopy. 2014;30(8):964-970.e961.

2. Alhalki MM, Howell SM, Hull ML. How three methods for fixing

a medial meniscal autograft affect tibial contact mechanics. Am J

Sports Med. 1999;27(3):320-328.

3. Ambra LF, Mestriner AB, Ackermann J, et al. Bone-plug versus soft

tissue fixation of medial meniscal allograft transplants: a biomechan-

ical study. Am J Sports Med. 2019;47(12):2960-2965.

4. Andrew-Priestley M, Newton K, Platell ME, et al. Benthic infaunal

assemblages adjacent to an ocean outfall in Australian marine

waters: impact assessment and identification of indicator taxa. Mar

Pollut Bull. 2022;174:113229.

5. Baratz ME, Fu FH, Mengato R. Meniscal tears: the effect of menis-

cectomy and of repair on intraarticular contact areas and stress in

the human knee. A preliminary report. Am J Sports Med. 1986;

14(4):270-275.

6. Bhosale AM, Myint P, Roberts S, et al. Combined autologous chon-

drocyte implantation and allogenic meniscus transplantation: a bio-

logical knee replacement. Knee. 2007;14(5):361-368.

7. Bloch B, Asplin L, Smith N, Thompson P, Spalding T. Higher survivor-

ship following meniscal allograft transplantation in less worn knees

justifies earlier referral for symptomatic patients: experience from

240 patients. Knee Surg Sports Traumatol Arthrosc. 2019;27(6):

1891-1899.

8. Brittberg M, Winalski CS. Evaluation of cartilage injuries and repair. J

Bone Joint Surg Am. 2003;85(suppl 2):58-69.

9. Burks RT, Metcalf MH, Metcalf RW. Fifteen-year follow-up of arthro-

scopic partial meniscectomy. Arthroscopy. 1997;13(6):673-679.

10. Cameron JC, Saha S. Meniscal allograft transplantation for unicompart-

mental arthritis of the knee. Clin Orthop Relat Res. 1997;337:164-171.

11. Carter TR, Brown MJ. Meniscal allograft survivorship and outcomes

20 years after implantation. Arthroscopy. 2020;36(8):2268-2274.

12. Chen MI, Branch TP, Hutton WC. Is it important to secure the horns

during lateral meniscal transplantation? A cadaveric study. Arthros-

copy. 1996;12(2):174-181.

13. Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM. Measures of

knee function: International Knee Documentation Committee (IKDC)

Subjective Knee Evaluation Form, Knee injury and Osteoarthritis Out-

come Score (KOOS), Knee injury and Osteoarthritis Outcome Score

Physical Function Short Form (KOOS-PS), Knee Outcome Survey

Activities of Daily Living Scale (KOS-ADL), Lysholm Knee Scoring

Scale, Oxford Knee Score (OKS), Western Ontario and McMaster

Universities Osteoarthritis Index (WOMAC), Activity Rating Scale

(ARS), and Tegner Activity Score (TAS). Arthritis Care Res (Hoboken).

2011;63(suppl 11):S208-S228.

14. Culvenor AG, Oiestad BE, Hart HF, et al. Prevalence of knee osteo-

arthritis features on magnetic resonance imaging in asymptomatic

uninjured adults: a systematic review and meta-analysis. Br J Sports

Med. 2019;53(20):1268-1278.

15. Dangelmajer S, Familiari F, Simonetta R, Kaymakoglu M, Huri G.

Meniscal transplants and scaffolds: a systematic review of the litera-

ture. Knee Surg Relat Res. 2017;29(1):3-10.

16. De Bruycker M, Verdonk PCM, Verdonk RC. Meniscal allograft trans-

plantation: a meta-analysis. SICOT J. 2017;3:33.

17. Deshpande BR, Losina E, Smith SR, et al. Association of MRI find-

ings and expert diagnosis of symptomatic meniscal tear among

middle-aged and older adults with knee pain. BMC Musculoskelet

Disord. 2016;17:154.

18. Elattar M, Dhollander A, Verdonk R, Almqvist KF, Verdonk P. Twenty-

six years of meniscal allograft transplantation: is it still experimental?

A meta-analysis of 44 trials. Knee Surg Sports Traumatol Arthrosc.

2011;19(2):147-157.

19. Fairbank TJ. Knee joint changes after meniscectomy. J Bone Joint

Surg Br. 1948;30(4):664-670.

20. Ford GM, Hegmann KT, White GL Jr, Holmes EB. Associations of

body mass index with meniscal tears. Am J Prev Med. 2005;28(4):

364-368.

21. Frank R, Gilat R, Haunschild ED, et al. Do outcomes of meniscal allo-

graft transplantation differ based on age and sex? A comparative

group analysis. Arthroscopy. 2022;38(2):452-465.e453.

22. Frank RM, Lee S, Cotter EJ, et al. Outcomes of osteochondral allo-

graft transplantation with and without concomitant meniscus allograft

transplantation: a comparative matched group analysis. Am J Sports

Med. 2018;46(3):573-580.

23. Getgood A, Gelber J, Gortz S, De Young A, Bugbee W. Combined

osteochondral allograft and meniscal allograft transplantation: a sur-

vivorship analysis. Knee Surg Sports Traumatol Arthrosc. 2015;23(4):

946-953.

24. Gomoll AH, Kang RW, Chen AL, Cole BJ. Triad of cartilage restora-

tion for unicompartmental arthritis treatment in young patients:

meniscus allograft transplantation, cartilage repair and osteotomy.

J Knee Surg. 2009;22(2):137-141.

25. Graf KW Jr, Sekiya JK, Wojtys EM, Department of Orthopaedic Sur-

gery University of Michigan Medical Center, Ann Arbor, Michigan,

USA. Long-term results after combined medial meniscal allograft

transplantation and anterior cruciate ligament reconstruction: mini-

mum 8.5-year follow-up study. Arthroscopy. 2004;20(2):129-140.

26. Grassi A, Di Paolo S, Coco V, et al. Survivorship and reoperation of

324 consecutive isolated or combined arthroscopic meniscal allo-

graft transplants using soft tissue fixation. Am J Sports Med.

2023;51(1):119-128.

27. Grassi A, Macchiarola L, Lucidi GA, et al. Long-term outcomes and

survivorship of fresh-frozen meniscal allograft transplant with soft tis-

sue fixation: minimum 10-year follow-up study. Am J Sports Med.

2020;48(10):2360-2369.

28. Greco NJ, Anderson AF, Mann BJ, et al. Responsiveness of the Inter-

national Knee Documentation Committee Subjective Knee Form in

comparison to the Western Ontario and McMaster Universities

Osteoarthritis Index, modified Cincinnati Knee Rating System, and

Short Form 36 in patients with focal articular cartilage defects. Am

J Sports Med. 2010;38(5):891-902.

29. Hall MJ, Schwartzman A, Zhang J, Liu X. Ambulatory surgery data

from hospitals and ambulatory surgery centers: United States,

2010. Natl Health Stat Report. 2017;(102):1-15.

30. Hannon MG, Ryan MK, Strauss EJ. Meniscal allograft transplanta-

tion: a comprehensive historical and current review. Bull Hosp Jt

Dis (2013). 2015;73(2):100-108.

31. Huang A, Hull ML, Howell SM. The level of compressive load affects

conclusions from statistical analyses to determine whether a lateral

meniscal autograft restores tibial contact pressure to normal: a study

in human cadaveric knees. J Orthop Res. 2003;21(3):459-464.

32. Husen M, Kennedy NI, Till S, et al. Benefits of meniscal repair in

selected patients aged 60 years and older. Orthop J Sports Med.

2022;10(9):23259671221117491.

33. Jimenez-Garrido C, Gomez-Caceres A, Espejo-Reina MJ, et al. Obe-

sity and meniscal transplant failure: a retrospective cohort study. J

Knee Surg. 2021;34(3):267-272.

34. Kempshall PJ, Parkinson B, Thomas M, et al. Outcome of meniscal

allograft transplantation related to articular cartilage status:

advanced chondral damage should not be a contraindication. Knee

Surg Sports Traumatol Arthrosc. 2015;23(1):280-289.

35. Kester CR, Caldwell PE III, Pearson SE. Lateral meniscal allograft

transplant: dovetail bone bridge preparation. Arthrosc Tech.

2021;10(4):e969-e973.

106 Husen et al The American Journal of Sports Medicine



36. Kim C, Bin SI, Kim JM, et al. Medial and lateral meniscus allograft

transplantation showed no difference with respect to graft survivor-

ship and clinical outcomes: a comparative analysis with a minimum

2-year follow-up. Arthroscopy. 2020;36(12):3061-3068.

37. Kim JM, Bin SI, Lee BS, et al. Long-term survival analysis of menis-

cus allograft transplantation with bone fixation. Arthroscopy.

2017;33(2):387-393.

38. Kim JM, Lee BS, Kim KH, Kim KA, Bin SI. Results of meniscus allo-

graft transplantation using bone fixation: 110 cases with objective

evaluation. Am J Sports Med. 2012;40(5):1027-1034.

39. Kose O, Deniz G, Ozcan H, Guler F. A comparison of telephone inter-

view versus on-site completion of Lysholm knee score in patients

who underwent arthroscopic ACL reconstruction: are the results

equivalent? Eur J Orthop Surg Traumatol. 2015;25(6):1069-1072.

40. Krych AJ, Reardon PJ, Johnson NR, et al. Non-operative manage-

ment of medial meniscus posterior horn root tears is associated

with worsening arthritis and poor clinical outcome at 5-year follow-

up. Knee Surg Sports Traumatol Arthrosc. 2017;25(2):383-389.

41. Kurosawa H, Fukubayashi T, Nakajima H. Load-bearing mode of the

knee joint: physical behavior of the knee joint with or without menisci.

Clin Orthop Relat Res. 1980;149:283-290.

42. Lee BS, Bin SI, Kim JM, Kim WK, Choi JW. Survivorship after menis-

cal allograft transplantation according to articular cartilage status.

Am J Sports Med. 2017;45(5):1095-1101.

43. Lee BS, Kim HJ, Lee CR, et al. Clinical outcomes of meniscal allo-

graft transplantation with or without other procedures: a systematic

review and meta-analysis. Am J Sports Med. 2018;46(12):3047-

3056.

44. Lee BS, Kim JM, Sohn DW, Bin SI. Review of meniscal allograft

transplantation focusing on long-term results and evaluation meth-

ods. Knee Surg Relat Res. 2013;25(1):1-6.

45. Lee DW, Lee DR, Kim MA, et al. Patients with advanced lateral

osteoarthritis can return to sports and work after distraction arthro-

plasty plus lateral meniscal allograft transplantation combined with

cartilage repair. Knee Surg Sports Traumatol Arthrosc. 2022;30(6):

1990-2002.

46. Lee HY, Bin SI, Kim JM, et al. Lateral meniscal allograft transplan-

tation provides a chondroprotective effect on articular cartilage:

quantitative 3-T MRI T2 mapping. Arthroscopy. 2023;39(4):1000-

1007.

47. Lee SJ, Aadalen KJ, Malaviya P, et al. Tibiofemoral contact mechan-

ics after serial medial meniscectomies in the human cadaveric knee.

Am J Sports Med. 2006;34(8):1334-1344.

48. Lee SJ, Bin SI, Kim JM, et al. Effect of ICRS lesion grade on graft sur-

vival after medial meniscal allograft transplantation: MRI-based

objective evaluation. Am J Sports Med. 2022;50(13):3579-3585.

49. Liu JN, Gowd AK, Redondo ML, et al. Establishing clinically signifi-

cant outcomes after meniscal allograft transplantation. Orthop J

Sports Med. 2019;7(1):2325967118818462.

50. Marcacci M, Zaffagnini S, Marcheggiani Muccioli GM, et al. Meniscal

allograft transplantation without bone plugs: a 3-year minimum

follow-up study. Am J Sports Med. 2012;40(2):395-403.

51. McCormick F, Harris JD, Abrams GD, et al. Survival and reoperation

rates after meniscal allograft transplantation: analysis of failures for

172 consecutive transplants at a minimum 2-year follow-up. Am J

Sports Med. 2014;42(4):892-897.

52. McDermott ID, Lie DT, Edwards A, Bull AM, Amis AA. The effects of

lateral meniscal allograft transplantation techniques on tibio-femoral

contact pressures. Knee Surg Sports Traumatol Arthrosc.

2008;16(6):553-560.

53. Milachowski KA, Weismeier K, Wirth CJ. Homologous meniscus

transplantation. Experimental and clinical results. Int Orthop.

1989;13(1):1-11.

54. Novaretti JV, Patel NK, Lian J, et al. Long-term survival analysis and

outcomes of meniscal allograft transplantation with minimum 10-year

follow-up: a systematic review. Arthroscopy. 2019;35(2):659-667.

55. Noyes FR, Barber-Westin SD, Rankin M. Meniscal transplantation in

symptomatic patients less than fifty years old. J Bone Joint Surg Am.

2004;86(7):1392-1404.

56. Ow ZGW, Cheong CK, Hai HH, et al. Securing transplanted meniscal

allografts using bone plugs results in lower risks of graft failure and

reoperations: a meta-analysis. Am J Sports Med. 2022;50(14):

4008-4018.

57. Ozeki N, Seil R, Krych AJ, Koga H. Surgical treatment of complex

meniscus tear and disease: state of the art. J ISAKOS. 2021;

6(1):35-45.

58. Paletta GA Jr, Manning T, Snell E, Parker R, Bergfeld J. The effect of

allograft meniscal replacement on intraarticular contact area and

pressures in the human knee. A biomechanical study. Am J Sports

Med. 1997;25(5):692-698.

59. Park JG, Bin SI, Kim JM, et al. Large chondral defect not covered by

meniscal allograft is associated with inferior graft survivorship after

lateral meniscal allograft transplantation. Knee Surg Sports Trauma-

tol Arthrosc. 2021;29(1):82-89.

60. Pollard ME, Kang Q, Berg EE. Radiographic sizing for meniscal trans-

plantation. Arthroscopy. 1995;11(6):684-687.

61. Purnell JQ. Definitions, classification, and epidemiology of obesity.

In: Feingold KR, Anawalt B, Boyce A, et al., eds. Endotext [Internet].

MDText.com; 2000.

62. Radin EL, de Lamotte F, Maquet P. Role of the menisci in the distribu-

tion of stress in the knee. Clin Orthop Relat Res. 1984;185:290-294.

63. Rodeo SA. Meniscal allografts—where do we stand? Am J Sports

Med. 2001;29(2):246-261.

64. Rongen JJ, Hannink G, van Tienen TG, van Luijk J, Hooijmans CR.

The protective effect of meniscus allograft transplantation on articu-

lar cartilage: a systematic review of animal studies. Osteoarthritis

Cartilage. 2015;23(8):1242-1253.

65. Rosso F, Bisicchia S, Bonasia DE, Amendola A. Meniscal allograft

transplantation: a systematic review. Am J Sports Med.

2015;43(4):998-1007.

66. Rue JP, Yanke AB, Busam ML, McNickle AG, Cole BJ. Prospective

evaluation of concurrent meniscus transplantation and articular car-

tilage repair: minimum 2-year follow-up. Am J Sports Med.

2008;36(9):1770-1778.

67. Salata MJ, Gibbs AE, Sekiya JK. A systematic review of clinical out-

comes in patients undergoing meniscectomy. Am J Sports Med.

2010;38(9):1907-1916.

68. Saltzman BM, Meyer MA, Leroux TS, et al. The influence of full-

thickness chondral defects on outcomes following meniscal allograft

transplantation: a comparative study. Arthroscopy. 2018;34(2):519-

529.

69. Seitz AM, Durselen L. Biomechanical considerations are crucial for

the success of tendon and meniscus allograft integration—a system-

atic review. Knee Surg Sports Traumatol Arthrosc. 2019;27(6):1708-

1716.

70. Smith NA, Parkinson B, Hutchinson CE, Costa ML, Spalding T. Is

meniscal allograft transplantation chondroprotective? A systematic

review of radiological outcomes. Knee Surg Sports Traumatol

Arthrosc. 2016;24(9):2923-2935.

71. Stoller DW. Magnetic Resonance Imaging in Orthopaedics and

Sports Medicine. 3rd ed. Lippincott Williams & Wilkins; 2006.

72. Stone KR, Adelson WS, Pelsis JR, Walgenbach AW, Turek TJ. Long-

term survival of concurrent meniscus allograft transplantation and

repair of the articular cartilage: a prospective two- to 12-year

follow-up report. J Bone Joint Surg Br. 2010;92(7):941-948.

73. van Arkel ER, de Boer HH. Human meniscal transplantation. Prelim-

inary results at 2 to 5-year follow-up. J Bone Joint Surg Br.

1995;77(4):589-595.

74. Van Der Straeten C, Byttebier P, Eeckhoudt A, Victor J. Meniscal

allograft transplantation does not prevent or delay progression of

knee osteoarthritis. PLoS One. 2016;11(5):e0156183.

75. van der Wal RJP, Nieuwenhuijse MJ, Spek RWA, et al. Meniscal allo-

graft transplantation in the Netherlands: long-term survival, patient-

reported outcomes, and their association with preoperative com-

plaints and interventions. Knee Surg Sports Traumatol Arthrosc.

2020;28(11):3551-3560.

76. Van Thiel GS, Verma N, Yanke A, et al. Meniscal allograft size can be pre-

dicted by height, weight, and gender. Arthroscopy. 2009;25(7):722-727.

AJSM Vol. 52, No. 1, 2024 Survivorship of Arthroscopic MATs Using Bone Fixation 107



77. Verdonk PC, Verstraete KL, Almqvist KF, et al. Meniscal allograft

transplantation: long-term clinical results with radiological and mag-

netic resonance imaging correlations. Knee Surg Sports Traumatol

Arthrosc. 2006;14(8):694-706.

78. Wang DY, Zhang B, Li YZ, et al. The long-term chondroprotective

effect of meniscal allograft transplant: a 10- to 14-year follow-up

study. Am J Sports Med. 2022;50(1):128-137.

79. Winkler PW, Wagala NN, Hughes JD, Musahl V. High-grade preoperative

osteoarthritis of the index compartment is a major predictor of meniscal

allograft failure. Arch Orthop Trauma Surg. 2023;143(1):399-407.

80. Woodmass JM, Johnson NR, Levy BA, Stuart MJ, Krych AJ. Lateral

meniscus allograft transplantation: the bone plug technique. Arthrosc

Tech. 2017;6(4):e1215-e1220.

81. Wu IT, Custers RJH, Desai VS, et al. Internal fixation of unstable

osteochondritis dissecans: do open growth plates improve healing

rate? Am J Sports Med. 2018;46(10):2394-2401.

82. Ye Z, Zhang T, Wu C, et al. Predicting the objective and subjective

clinical outcomes of anterior cruciate ligament reconstruction:

a machine learning analysis of 432 patients. Am J Sports Med.

2022;50(14):3786-3795.

83. Zaffagnini S, Grassi A, Marcheggiani Muccioli GM, et al. Is sport activ-

ity possible after arthroscopic meniscal allograft transplantation? Mid-

term results in active patients. Am J Sports Med. 2016;44(3):625-632.

84. Zhang H, Liu X, Wei Y, et al. Meniscal allograft transplantation in iso-

lated and combined surgery. Knee Surg Sports Traumatol Arthrosc.

2012;20(2):281-289.

For reprints and permission queries, please visit Sage’s Web site at http://www.sagepub.com/journals-permissions

108 Husen et al The American Journal of Sports Medicine

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

