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Background: Outcomes following meniscal allograft transplantation (MAT) are an evolving topic.

Purpose: To review clinical outcomes in younger, previously active patients who underwent an isolated MAT or MAT plus any
osteotomy. Concurrent surgeries, complications, and graft survivorship are presented.

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

Methods: Inclusion criteria included having undergone MAT with a minimum of 1 year of follow-up with at least 1 of the following
patient-reported outcome (PRO) measures collected pre- and postoperatively: visual analog scale for pain, Knee injury and
Osteoarthritis Outcome Score (KOOS), the Western Ontario and McMaster Universities Arthritis Index, the 36-Item Short Form
Health Survey, and overall satisfaction. From patient records, we recorded descriptive data, side (medial/lateral), previous or
concurrent procedures, perioperative complications, revisions, and conversion to arthroplasty. Two-factor analysis of variance
(ANOVA) was used to test for differences in age and body mass index (BMI). A 2 � 2 chi-square test was used to determine if the
spectrum of procedures performed on our study’s patient group was representative of the entire population. PRO results were
analyzed using a multivariate ANOVA.

Results: From a total of 91 eligible patients, 61 (63 knees) met our inclusion criteria. Mean presurgery age was 25.5 ± 9.2 years, and
mean BMI was 26.7 (range, 18.5-38.4). At follow-up (mean, 4.8 years; range, 1.0-13.6 years) overall PROs were statistically and
clinically improved at final follow-up (P � .003); effect sizes were moderate and large. KOOS Pain and KOOS Activities of Daily
Living showed some main or interaction effects that were trivial or small. Patient satisfaction with the treatment was�7 out of 10 in
85% of patients. A minimum of 1 subsequent surgery for various concerns was necessary in 23% of the 93 knees. Graft survival in
the included patients was 100%.

Conclusion: Complications (conditions requiring at least 1 subsequent surgery) affected about one-quarter of the patients who
underwent MAT. Nevertheless, MAT seemed to provide our patients with adequate pain relief and improved function.
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Menisci have essential roles in load distribution,
joint congruity, shock absorption, lubrication, and
proprioception.19,27,28 Meniscal tears are the most com-
mon injuries of the knee, with an incidence of 61 per
100,000 per year,5 and arthroscopic surgery for meniscal
injury is the most common procedure performed by ortho-
paedic surgeons.15 There is increasing evidence reporting
the detrimental effects of meniscectomy on the knee
joint.43 Baratz and colleagues6 demonstrated that contact
areas and peak local contact stresses increase signifi-
cantly after either partial or total meniscectomy while sur-
gical removal of a meniscus increases the relative risk
(14.0) for tibiofemoral arthritis after 21 years.43 Improved
understanding of the biomechanical importance of the

meniscus and the evolution of meniscal-preserving proce-
dures has popularized meniscal repair.12,36,38

Even with the best meniscal repair techniques, the
failure rate (>20%) is still high regardless of surgical
technique.30,37,40,42 Given the failure rate of meniscal
repair, meniscal allograft transplantation (MAT) was pro-
posed and first performed as a salvage procedure14; high-
demand, competitive sports were discouraged to preserve
the graft.61 Case series and systematic reviews have sum-
marized outcomes and graft survivorship from patients
mostly �30 years of age who did not detail preoperative
activity levels.8,22,34,39,44,48 Several case reports have been
reported in the literature with encouraging outcomes,44

and the chondroprotective effects of MAT have also been
reported in the literature,1,3,20,24,47 although this remains
controversial.49,57

The primary aim of this study was to evaluate outcomes
after MAT performed on a younger population that had
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been active previously (collegiate athletes)—a group that
has been discussed infrequently. Another primary aim was
a comparison of outcomes between patients who underwent
an isolated transplantation (MAT) and patients who had a
concurrent procedure performed at the time of the trans-
plant (MATþ), be it a high tibial osteotomy (HTO) or a
distal femoral osteotomy (DFO). The secondary aim was
to review concurrent surgeries performed at the time of the
index MAT, complications, and survivorship of MAT. We
hypothesized that the graft would have a good-to-
excellent survival at a medium-term follow-up, with no dif-
ferences between MAT and MATþ.

METHODS

Institutional review board approval (exempt) was obtained
before initiation of this study. All cases of MAT performed
by the senior surgeon (A.A.) between June 2001 and
November 2014 were reviewed (91 patients; 93 knees).
Included in this study were patients who had knee pain
after a total or subtotal meniscectomy that required MAT.
A minimum of 1 year follow-up was necessary for inclusion.
Graft survival (defined as a revision procedure related to
the initial MAT for complete graft removal or conversion to
knee arthroplasty) was determined at this follow-up, from
institutional records, or both. Each patient also needed to
have completed at least 1 patient-reported outcome (PRO)
measure preoperatively and at one’s most recent follow-up.
PRO measures included a 10-cm visual analog scale for
pain (VAS), the Knee injury and Osteoarthritis Outcome
Score (KOOS), the Western Ontario and McMaster Univer-
sities Arthritis Index (WOMAC; 100-mm VAS version), and
the 36-Item Short Form Health Survey (SF-36).

Patient satisfaction at the time of most recent follow-up
was collected (0¼ highly dissatisfied, 10¼ highly satisfied).
Descriptive information, surgical details (including which
meniscus was transplanted), and radiographic data were
collected from medical records. Radiographic information
was obtained from preoperative and most recent reports
of full-length weightbearing imaging in the standing posi-
tion and from standard anteroposterior and lateral knee
views. The radiographic information was used to assess
lower limb alignment and degenerative changes according
to the Kellgren and Lawrence (KL) system.23 All 91 eligible
patients were contacted by telephone or secure email and
offered a free-of-charge clinic visit for clinical and radio-
graphic evaluation as well as completing the follow-up PRO
questionnaires. From our review of medical records, we

recorded the number and type of procedures performed con-
current with the MAT. We also recorded complications and
any subsequent procedures performed at our institution.
Time to graft failure was used to determine graft survival
where failure was defined as a revision procedure related to
the initial MAT (for complete graft removal) or as conver-
sion to (total or unilateral) knee arthroplasty.

Surgical Technique

MAT was performed by the senior author (A.A.), a
fellowship-trained sports medicine foot and ankle surgeon.
Grafts were sized on anteroposterior and lateral radio-
graphs of the knee according to the method described by
Pollard et al,41 and the size was confirmed based on preop-
erative magnetic resonance imaging scans. Medial MAT
was performed using the 2 bone-plug technique with the
anterior and posterior horns each attached to a separate
bone plug. Lateral MAT was performed using a modified
bone-bridge technique in which the graft contained a com-
mon bone bridge attached to both anterior and posterior
horns.58 We used fresh-frozen allografts in all cases.

When patients showed a valgus alignment (mechanical
tibiofemoral angle >180�), they underwent a varus-
producing osteotomy via an opening wedge distal femoral
lateral osteotomy.59 If patients showed a varus alignment
(mechanical tibiofemoral angle <180�), they underwent a
valgus producing osteotomy via an opening wedge HTO.9

Concomitant lesions were addressed at the time of MAT
surgery. Lesions of the native or previously reconstructed
anterior cruciate ligament were addressed via reconstruc-
tion. Contralateral meniscal tear (medial meniscus in case
of lateral MAT and lateral meniscus in case of medial MAT)
was addressed via repair or partial meniscectomy accord-
ing to the type of lesion. Chondral lesions were addressed
according to the following criteria: debridement and lavage
(<2 cm; partial thickness), marrow stimulation (<2 cm; full
thickness), osteochondral allografts (>2 cm; subchondral
bone involvement), and autologous chondrocyte implanta-
tion (>2 cm; minimal subchondral bone involvement).

Rehabilitation Protocol

Immediately after surgery while still in the operating room,
the patients were placed in a long-leg hinged knee brace
that was locked in extension for 2 weeks; weightbearing
was allowed as tolerated in extension. From weeks 3 to 6,
the brace was locked in extension for ambulation but was
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removed for passive range of motion (0�-90�) exercises.
Brace use was dismissed after 6 weeks of use. From weeks
7 to 12, patients progressed to full range of motion in addi-
tion to muscle strengthening and general conditioning.
After 12 weeks, patients progressed to jogging and sport-
specific training. While patients were allowed to return to
sports at 6 months, we recommended against performing
strenuous contact sports. Patients were discouraged from
participating in competitive-level sports in order to pre-
serve the integrity of the meniscal allograft.

The data were summarized using routine descriptive sta-
tistics SPSS (Version 20; IBM SPSS Statistics). Two-factor
analysis of variance (sex, MAT/MATþ) was used to test for
differences in age and body mass index (BMI). A 2 � 2 chi-
square test was used to determine if the spectrum of
procedures performed on our study’s patient group was rep-
resentative of the entire population. PRO results were ana-
lyzed using a multivariate analysis of variance with 3
grouping factors (sex, side [medial or lateral meniscus], and
surgery [MAT or MATþ]) and 1 repeated factor (time; pre-
surgery and latest follow-up). Significant P values and
effect sizes (based on Cohen d and eta squared) are
reported.

RESULTS

Of the 61 (63 knees) patients who met our inclusion criteria
(all of whom had a history of prior intercollegiate athletics),
45 patients (47 knees) were seen in clinic, and 16 patients
(16 knees) were unable to return to the clinic but did com-
plete the necessary PRO measures. A total of 30 patients
who had not completed at least 1 of the PRO instruments or
had not completed both a pre- and postoperative PRO were
excluded from the study (Figure 1). Basic characteristics of
the patients are presented in Table 1. The mean age was
25.5 ± 9.2 years, which is younger than the mean age
(mid-30s) in recent systematic reviews.13,21,39,57 BMI ran-
ged from 18.5 to 38.4 (male patients, 29.8; female patients,
24.3; P < .0001). BMI differences between levels of the 2
other grouping factors (surgery type, meniscal side) were
not significant. Patients in our study were distributed
across the 3 common BMI classification categories (Table
1). From the 61 patients who met our inclusion criteria, 43
had undergone an isolated MAT (female, 22), and 18
patients had undergone MATþ for realignment (female,
9). The mean follow-up time was 4.8 ± 3.5 years (range,
1.0-13.6 years).

Concurrent procedures were a part of the surgical record,
so we can present these data on both the 61 included
patients and the 30 excluded patients. Table 2 summarizes
the procedures performed concurrently with the index
MAT. In the group of included patients, there were a total
of 8 HTOs and 11 DFOs for a total of 19 MATþ procedures
in 18 patients, whereas the most common other concurrent
procedure was a microfracture. When comparing fre-
quencies between the included and excluded patients, we
observed more chondroplasties and revision anterior cruci-
ate ligament reconstructions (ACLRs) were performed on
the excluded patients, with little difference among the
other procedures.

91 eligible, iden�fied from 
ins�tu�onal medical records

61 included 
(63 knees) 

45 accepted invita�on 
for clinical and radiological 

follow-up
16 accepted and completed 

PROs by mail

30 excluded
(did not accept invita�on 

for follow-up)

6 out of 30 underwent knee 
arthroplasty (data from 

ins�tu�onal review)

Figure 1. Flow diagram of the patient selection process. PRO,
patient-reported outcome.

TABLE 1
Patient Characteristics by Sex and Surgerya

MAT MATþ

Variable Female (n ¼ 22) Male (n ¼ 21) Female (n ¼ 9) Male (n ¼ 9) Overall (N ¼ 61)

Age, y 24.5 ± 9.5 28.2 ± 10.2 25.3 ± 7.2 21.8 ± 8.1 25.5 ± 9.2
BMIbc 24.3 ± 4.4 28.1 ± 3.8 24.4 ± 2.7 31.4 ± 4.3 26.7 ± 4.7

Normal 14 4 7 1 26
Overweight 7 9 2 2 20
Obese 1 9 1 6 17

Follow-up, y 5.1 ± 3.7 4.3 ± 3 6.3 ± 3.7 3.8 ± 3.6 4.8 ± 3.5
Knee

Right 12 12 6 2 32
Left 10 10 4 7 31

Meniscus
Medial 8 7 4 2 21
Lateral 14 14 6 7 41
Both 0 1 0 1 1

aData are presented as mean ± SD or number. BMI, body mass index; MAT, meniscal allograft transplantation; MATþ, MAT plus any
osteotomy.

bNormal ¼ 18.5-24.9; overweight ¼ 25.0-29.9; obese ¼ 30.0-39.9.
cMale BMI > female BMI (P < .0001).
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As complications and treatments were a part of the
surgical record, we can present these data on both the

61 included patients and the full set of 91 patients who
underwent surgery. The most common complication (Table
3) was a tear of the graft (11 tears in 43 patients with MAT,
1 tear in 18 patients with MATþ), and the most frequent
treatment was debridement (in 8 patients with MAT and 1
patient with MATþ). Subsequent surgery was performed
on 21 knees (21/93 knees; 23%). Of these 21 knees, 14 knees
underwent 1 subsequent surgery, 4 required 2 subsequent
surgeries, 1 required 3 surgeries, and 2 required 4 subse-
quent surgeries. Each subsequent surgery included 1 or
more procedures for a total of 34 subsequent procedures.
Debridement of the graft was the most common reason for
subsequent surgery. None of the 61 included patients
(63 knees) needed complete removal of the graft or went
on to partial or total knee arthroplasty.

We were able to obtain the necessary imaging for KL
osteoarthritis (OA) grades on the 45 patients who came in
for the follow-up visit (Table 4). A total of 44 (94%) of our
patients had either grade 0 or 1 OA at the time of the index
surgery. At the mean follow-up (4.8 years), there was evi-
dence of radiographic progression of OA in 20 of the 47
knees (45 patients; 43%); 2 knees had progressed to grade
4 OA.

PROs for the 61 included patients, collected preopera-
tively and at each patient’s latest follow-up appointment,
are presented in Table 5. There were no preoperative

TABLE 3
Complications and Related Treatments After MAT by Surgery Typea

Complication

Study Population
(N ¼ 61)

All Patients
(n ¼ 90) Related Treatment

Study Population
(N ¼ 61)

All Patients
(n ¼ 90)MAT MATþ MAT MATþ

MAT failure 1 1 3 Revision MAT 2 1 3

MAT tear 11 1 14 Repair 3 1 4
Debridement 8 1 10

Chondral damage 4 Chondroplasty 2 3
Microfracture 1 1

Painful sutures 1 2 Removal of sutures 1 1 2

Stiffness 1 1 3 MUA 1 1
Debridement 1 1 2

Painful implants 1 3 5 Removal of implants 2 2 5

Peroneal nerve palsy 1 1 Neurolysis 1 1

ACL tear 1 1 ACL reconstruction 1 1

Continued pain 2 1 9 HTO 2 1 3
TKA 5b

UKA 1b

Superficial wound infection 1 1 Oral antibiotics 1 1

Deep wound infection 1 Removal of MAT 1

aACL, anterior cruciate ligament; HTO, high tibial osteotomy; MAT, meniscal allograft transplantation; MATþ, MAT plus any osteotomy;
MUA, manipulation under anesthesia; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty. Blank cells indicate none.

bSix excluded patients underwent arthroplasty at our institution. Actual total for all excluded patients is unknown.

TABLE 2
Concurrent Procedures Performed During the Index MATa

Procedure

Included
Patients
(N ¼ 61)

Excluded
Patients
(n ¼ 30) P

HTO 8 (13) 5 (17) .65
DFO 11 (18) 5 (17) .87
ACL reconstruction 3 (5) 0 (0) -b

Revision ACL reconstruction 0 (0) 3 (10) -b

Osteochondral allograft
transplantation

1 (2) 2 (7) .22

Meniscal repair 1 (2) 0 (0) -b

Microfracture 7 (12) 5 (17) .49
Chondroplasty 3 (5) 9 (30) .001
Autologous chondrocyte

implantation
0 (0) 1 (1) -b

Removal of implants 0 (0) 1 (1) -b

aData are presented as n (%). Boldface P value indicates statis-
tically significant difference between groups (P < .05). ACL, ante-
rior cruciate ligament; DFO, distal femoral osteotomy; HTO, high
tibial osteotomy; MAT, meniscal allograft transplantation.

bUnable to determine chi-square.

4 Vasta et al The Orthopaedic Journal of Sports Medicine



differences in PRO scores between those awaiting MAT
or MATþ. There were only 3 instances where the main
effects were significant: KOOS Symptoms (female > male)
and KOOS Activities of Daily Living (ADL) (female >male;

lateral > medial). As expected, the main effect of time
showed significant improvement on all PRO scales
(P � .003) and the PRO effect sizes (Cohen’s d) were ‘large’
(ES > 0.8; VAS, KOOS Pain, KOOS Sport, KOOS ADL,
WOMAC Function) or ‘medium’ (ES ¼ 0.5-0.8; KOOS
Symptoms, KOOS QOL; WOMAC Pain, WOMAC Stiffness;
SF-36 Physical, SF-36 Function).

Given the potential for a multitude of interactions, sta-
tistical interactions were limited. For example, there was a
significant time� surgery type interaction for the WOMAC
Stiffness scale that indicated patients who underwent the
MATþ procedure showed greater improvement than did
patients who underwent MAT. We expected improvement
over time, but the greater improvement for the patients
who underwent MATþ may be because they started off
with worse stiffness. One other within-patient interaction
was apparent, and it too was due primarily to a time effect
(SF-36 Physical; time � sex � surgery). There was a signif-
icant side by surgery interaction for WOMAC Pain scale
(medial MAT > medial MATþ) and for the WOMAC

TABLE 4
KL Progression by Sex, Meniscus, and Surgery Typea

KL Grade
Change

Sex Meniscus Surgery

Female Male Medialb Lateral MAT MATþ All

0 13 14 8 19 22 5 27
þ1 9 8 7 10 10 7 17
þ2 1 1 1 1
þ4 2 1 1 1 1 2

aKL, Kellgren-Lawrence; Last, last follow-up; MAT, meniscal
allograft transplantation; MATþ, MAT plus osteotomy; Pre, pre-
operative; SF-36, short form 36.

bThere were no patients whose KL grade changed by 3 units (ie,
0 to 3, or 1 to 4).

TABLE 5
Means of PRO Subscales by Sex, Surgery Type, Meniscus Transplanted, and Timea

MAT MATþ

Lateral Medial Lateral Medial

Sex Pre Last Pre Last Pre Last Pre Last

VAS pain F 5.1 1.5 3.6 2.2 4.7 2.0 4.8 3.8
M 4.3 1.5 2.9 1.1 4.1 2.0 4.5 4.0

KOOS
Pain F 54.1 72.2 61.9 81.2 61.5 82.5 69.6 85.4

M 56.6 80.6 60.2 76.2 62.2 89.0 36.0 52.7

Symptoms F 49.3 67.6 53.3 66.9 60.9 67.2 65.2 72.3
M 55.1 70.2 58.7 69.2 38.9 71.8 30.6 57.1

ADL F 63.0 88.0 64.6 90.0 69.6 96.1 80.7 89.3

M 71.2 86.4 74.3 85.5 65.3 93.0 47.8 54.4

Sport/Rec F 36.1 57.1 27.5 62.5 41.7 56.7 40.0 68.8
M 36.6 66.1 27.9 58.6 26.2 72.1 15.0 39.6

QoL F 38.2 56.9 38.1 57.8 40.8 53.5 41.2 60.3
M 41.0 63.8 35.0 56.3 35.2 57.7 41.6 39.6

WOMAC
Pain F 58.6 79.6 76.2 86.9 64.2 95.8 61.2 87.5

M 68.1 85.4 75.7 80.7 63.6 90.0 55.0 60.0
Stiffness F 54.5 75.9 78.1 76.6 56.2 93.3 51.2 81.2

M 63.8 73.2 65.1 67.9 53.6 83.9 37.5 75.0
Function F 59.2 88.3 75.1 89.7 64.7 97.5 57.3 88.2

M 74.3 87.5 75.5 84.6 65.0 93.9 52.9b 71.3

SF-36
Physical F 33.3 46.1 32.6 45.8 45 44.8 38.7 39.2

M 38.4 50.3 41.5 46.4 31.1 49.2 39.9 48.4
Mental F 47.0 57.2 45.7 57.2 41.3 54.8 41.2 55.8

M 50.0 56.6 39.4 55.4 55.1 58.2 55.6 50.0
Satisfaction F 8.6 8.2 8.2 7.8

M 7.8 8.6 8.8 7.0

aADL, Activities of Daily Living; F, female; KOOS, Knee injury and Osteoarthritis Outcome Score; M, male; MAT, meniscal allograft
transplantation; MATþ, MAT plus osteotomy; PRO, patient-reported outcome; QoL, Quality of Life; Sport/Rec, Sport and Recreation; VAS,
visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

bShaded cells indicate the location of sex � surgery type � transplant location � time interactions.
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Function scale (medial MAT > medial MATþ; lateral
MATþ > medial MATþ). Two scales did show the highest
level of between-patient interactions: KOOS Pain and
KOOS ADL. Male patients with a medial meniscal trans-
plant who underwent the MATþ procedure had signifi-
cantly greater pain and poorer KOOS ADL scores than
patients in other surgical groupings. Despite the noted
instances of some poorer PRO scores (in male patients who
underwent MATþ with a medial meniscal transplant), the
satisfaction scores of �7 (out of 10) were recorded in 85% of
patients indicating that patients seemed to be satisfied
with the outcomes of their surgery.

DISCUSSION

The most significant result from this study is that all PROs
improved from initial to final follow-up (P � .003), with a
graft survivorship of 100% (63/63 knees) at a mean follow-
up of 4.8 years (range, 1.0-13.6 years). However, about one-
quarter of the patients needed subsequent surgery (22.6%;
21 of 93 knees).

MAT is an attempt to overcome the well-known conse-
quences of meniscectomy or failed meniscal repairs. For the
procedure to be considered successful, graft survival is an
essential component that contributes to prevention of
future OA. Survival rates are, in part, a function of time
after surgery. In the initial 5 to 7 years, graft survival
hovers around 80% to 90%10,17,31,45 then begins to decline,
reaching about 50% by 20 years51 and 15% by 24 years.51

Most of the initial decline seems to be due in part to the
graft detaching from the capsule or the graft failing to
revascularize secondary to malalignment.26 The graft sur-
vival rate for the 61 patients who met the inclusion criteria
was, at an average of 4.8 years of follow-up, 100%—an
unusual rate that is higher than that in other reports based
on patients of a similar age and length of follow-up.10,17,45

Other factors that contribute to long-term graft survival
include age and knee alignment. Grafts in older patients
tend to have poorer survival than grafts in younger
patients. For example, at a mean of 6.8 years postopera-
tively, graft survival in patients aged <35 years (at time
of index surgery) was 24% versus 8% in patients who were
aged >35 years.51 If, at the time of the index surgery, a
patient has varus or valgus malalignment, it is not unusual
for an osteotomy to also be performed in an attempt to
increase graft survival. At 10 years after surgery, MAT
survival was 70% to 75% in patients not needing an HTO,
but inclusion of an HTO raised 10-year survival to 83%.52

Of our 61 patients, 31% (n ¼ 19) underwent a concomitant
HTO or DFO. The literature has reported a wide range of
MAT procedures with concurrent osteotomies, ranging
from 6% to 62%.22,56 Most reports have been based on case
series that reflect the author’s patient mix and are not a
true statement about the population.

In our series, no differences in the associated procedures
were found between patients who underwent MAT versus
those who underwent MATþ (Table 2). Malalignment is
generally considered a contraindication for MAT,44 but
when the knee is realigned via a previous or a concomitant

osteotomy at the time of the MAT, outcomes are comparable
with those of patients undergoing MAT without malalign-
ment. Kazi et al22 reported the outcomes of 86 patients who
underwent MAT with or without an osteotomy. At a mean
follow-up of 180 months, they found no significant differ-
ence in survival for isolated MAT compared with MATþ;
overall survival was 71% at a mean of 15 years postopera-
tively. Van Arkel and de Boer50 reported on 23 patients who
underwent cryopreserved MAT and showed that patients
with uncorrected varus or valgus malalignment had poorer
Lysholm scores and higher failure rates compared with
patients with neutral alignment. The general trend is to
correct malalignment either as a concomitant procedure
or staged with the osteotomy as a first stage and followed
by MAT as a second stage.4,9,10,16 In contrast to the current
trend in the literature, however, Van Der Straeten et al,51

in their work on 329 MATs, noted that concomitant HTO
had a negative effect on long-term graft survival (0% at 24
years).

Most studies have defined failure of MAT to be conver-
sion to a total knee replacement, which has been reported to
be as high as 18%.51,53 Complications were quite varied as
can be seen in Table 3. The complication rate in our patients
was 22.6% (21 of 93 knees), with allograft tearing requiring
debridement being the most common complication. Looking
at the available literature, the rate of complication needing
subsequent surgeries after the index procedure ranges
from 13% to one-third,35,48 the latter of which is slightly
higher than what we found in this retrospective case series.
However, with 30 patients being unavailable for follow-up,
we were unable to account for those patients who could
have undergone subsequent surgeries elsewhere. Regard-
less, given that our patients were athletes who had
returned to their sports, it might be surprising to not have
had more concerns given the demands of competitive
sports.

The item most likely to be of interest is our success rate.
There were no failures among the 61 patients who met the
inclusion criteria (we defined failure as revision procedure
related to the initial MAT or as conversion to knee arthro-
plasty). A success rate of 100% is an unusual result. In
studies like this, information about patients who did not
meet the inclusion criteria is sometimes as important as
information about included patients. For example, institu-
tional records showed that 6 excluded patients subse-
quently underwent arthroplasty. Had they met the
inclusion criteria, the success rate would have been 91%
(61/67). Further, rates of concurrent procedures of the 30
who did not meet the inclusion criteria were similar to
those of the study population except for ACLR (10% vs
0%), osteochondral allograft transplantation (7% vs 2%),
and chondroplasty (30% vs 4%). One might expect that
patients with more complex issues would have poorer out-
comes. If we were to assume that all 30 patients met our
inclusion criteria, there would be 14 patients with complex
initial procedures (assuming no patient underwent multi-
ple concurrent procedures). If we were to further expect
that those 14 patients eventually underwent an arthro-
plasty (the 14 includes those 6 we already knew had an
arthroplasty), our success rate would have been 77/91 or
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85%, which is more consistent with data on patients of sim-
ilar age and follow-up time.48 This is, however, based on
speculation and assumptions.

Preoperatively, there were no statistical or clinically
meaningful differences in PROs between our patients who
were destined for MAT or for MATþ. The overall improve-
ment from preoperative scores to the latest follow-up across
all the subscales was 36.4%. Across the 3 instruments and
their subscales, improvement ranged from 19% (SF-36
Mental) to 92% (KOOS Sport and Recreation). For the var-
ious patient groups, improvements over time were similar
for sex (female, 35%; male, 39%), transplant side (medial,
33%; lateral, 40%), and surgery type (MAT, 34%; MATþ,
40%).

Although it is considered a salvage procedure, MAT with
or without osteotomy may be the only option to relieve
symptoms and allow patients to return to an active life.
VAS for pain was reduced by similarly to previous data8

whether the patient had a MAT alone on in combination.8

The results presented in Table 5 show mean values for the
KOOS, WOMAC, and SF-36 PRO tools. The mean percent-
age improvements for all 5 subscales of the KOOS in our
patients are similar to those reported elsewhere.8,11,29,54,55

The literature has reported that relative improvements in
KOOS subscales for Pain, Symptoms, and ADL generally
range from 20% to 68%.29,54 Improvements in Sport and
Recreation and for Quality of Life (QoL) tend to be greater,
such as 144% for Sport and Recreation54 and 132% for
QoL.8 In addition, in the few instances where the meniscal
side location was a factor, our results are consistent with
those in a current meta-analysis that indicated that
patients who received a medial meniscal transplant did not
fare as well as did patients who received a lateral meniscal
transplant.7

When viewed over time, the greatest improvement in
PRO data came within the first year and was maintained
for up to 7 years consistent with the pattern reported by
Bloch et al.8 The minimum clinically important difference
in KOOS scores has been reported to range from about 10%
(Pain, Symptoms, ADL) to 15% (Sport and Recreation,
QoL),32 indicating that our patients demonstrated not only
statistical improvement but also clinically relevant
improvement. Despite the impressive improvement in
Sport and Recreation and for QoL, however, the actual
mean scores at follow-up (60 and 56, respectively; Table
5) are, at best, just over half of those obtained from patients
with healthy knees (95-100 and 100 for healthy patients
aged 18-25 years and 26-35 years, respectively).60 What
might be interesting is that male patients who underwent
MATþ for the medial meniscus were the only subgroup that
showed no improvement in the KOOS QoL score. While the
number of patients (n ¼ 2) is too small for the result to be
meaningful, this finding might be worth exploring in the
future.

Our patients recorded a 50% reduction in pain via VAS,
which is similar to what others have noted.33,54,55 The
WOMAC has not been collected widely from patients
undergoing MAT, but the subscales for our patients
improved by 28% to 34% (Table 5), which is greater than

the 19.6% improvement reported by Marcacci et al.33 Male
patients who underwent MATþ started out with worse
scores in WOMAC Stiffness and KOOS Symptoms; how-
ever, they demonstrated a significantly greater improve-
ment than male patients who underwent MAT. These
data underline the importance of knee realignment associ-
ated with biologic procedures and its synergistic relation-
ship with MAT.

MAT is considered a salvage procedure to delay or pre-
vent cartilage deterioration. In 2006, Verdonk et al53

reported long-term (minimum 10-year follow-up) clinical
and radiological outcomes of a group of 41 patients who
underwent MAT with or without HTO. Joint space narrow-
ing and Fairbank changes were assessed on radiographs
available from 32 patients. In 41% (13/32) of patients, those
parameters remained stable, and, by final follow-up, 18%

(7/39) of patients underwent total knee arthroplasty. Lee
et al25 showed that radiographic progression of OA of the
lateral compartment of the knee was slowed after MAT.
The authors noted that the KL grade worsened from the
time of initial meniscectomy to the meniscal transplanta-
tion, but there was no further degeneration after MAT at
follow-up (mean, 3.8 years). Ha et al18 showed that KL
grade changed at 1 and 4 years post-MAT. The long-term
follow-up study by Van Der Straeten and colleagues51 indi-
cated that OA progresses by 1 KL grade every 1000 days
after the index MAT surgery. The current literature has yet
to identify risk factors of OA progression other than MAT in
the medial compartment.2 In the 47 knees evaluated in the
clinic using radiographs, 94% were KL grades 0 or 1, and
we found radiographic progression of OA in 43% of the 47
knees, which is in line with other published data. BMI, sex,
and MAT location were not associated with radiographic
OA progression.

This study was not without its limitations. Primarily, our
data were limited to the 61 patients who accepted our invi-
tation. The reasons why the other 30 chose not to partici-
pate are unknown, but we did learn that 6 of the 30 had
undergone knee arthroplasty. With one-third of our origi-
nal patient pool being unavailable for follow-up, the power
and generalizability of the study were reduced. In addition,
as this is a retrospective study, data from intermediate
follow-ups between the preoperative assessment and the
last evaluation were lacking, so we were unable to fully
assess the ongoing benefits of MAT over time. Our results
were also specific only to patients who underwent MAT
that used bone plugs (for the medial meniscus) or a bone
bridge (for the lateral meniscus). Radiographs were used to
evaluate progression of OA although magnetic resonance
imaging could have been more accurate in estimating car-
tilage and meniscal allograft degeneration. As with most
case series projects, some data points were missing from
several patients (eg, missing pre- or postoperative PRO
scores, missing satisfaction scores, missing pre- or postop-
erative radiographs), and those might have affected our
statistical results. We did not measure graft extrusion since
it has been demonstrated that extrusion does not correlate
well with clinical outcome.46
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CONCLUSION

Based on this case series, MAT (with or without a concom-
itant osteotomy) is a reliable procedure that provides good
clinical outcomes at midterm follow-up for younger patients
with knee pain and disability. MAT in previously active
younger patients resulted in acceptable clinical and radio-
graphic improvements with both statistical and clinically
relevant improvements in PRO. However, we did see some
suggestion that male patients receiving a medial meniscal
transplant when undergoing a MATþ procedure may need
close oversight, as they seemed to have issues with pain and
functional activities. Graft survivorship at 5 years postop-
eratively was excellent. For this population, MAT provided
good pain relief and improved knee function with a compli-
cation rate less than that reported in older patients.
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