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Meniscal Allograft Transplantation Is an Effective
Treatment in Patients Older Than 50 Years but Yields
Inferior Results Compared With Younger Patients:

A Case-Control Study

Prof. Stefano Zaffagnini, M.D., Alberto Grassi, M.D., Luca Macchiarola, M.D.,
Federico Stefanelli, M.D., Vito Coco, M.D., Prof. Maurilio Marcacci, M.D.,

Luca Andriolo, M.D., and Giuseppe Filardo, M.D., Ph.D.
Purpose: To evaluate the influence of age on midterm clinical outcomes and failures of meniscal allograft transplantation
(MAT), aiming at investigating the efficacy of MAT in patients older than 50 years. Methods: In this case-control study,
data on patients older than 50 years (older MAT [O-MAT] group) with at least 5 years of follow-up and a matched-pair
group of patients younger than 30 years of age (younger MAT [Y-MAT] group) were extracted from a database of MAT
procedures, performed with arthroscopic implantation of fresh-frozen meniscal allograft without bone plugs. Results: A
matched-pair comparative analysis of midterm results and survival between 26 O-MAT patients and 26 Y-MAT patients
was performed at a mean follow-up of 7.3 � 2.2 years. All the clinical scores significantly improved from the baseline
values in both the O-MAT and Y-MAT groups although with significantly lower scores in the O-MAT group. Two-thirds of
O-MAT patients were able to return to a recreational level of sports activity. Only 2 patients in the O-MAT group un-
derwent knee replacement, but the overall failure rate, also considering a clinical criterion, was 31% in the O-MAT group
and 15% in the Y-MAT group (P ¼ .3244). The mean survival time free from replacement or graft removal was 11.6 years
in the O-MAT group and 12.3 years in the Y-MAT group (P ¼ .691). Conclusions: MAT is able to provide symptom relief
and functional improvement at midterm follow-up in patients older than 50 years although with inferior results and a
higher failure rate compared with those younger than 30 years. MAT can be considered a viable option to treat patients
older than 50 years. Level of Evidence: Level III, case-control study.
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Mlonger be considered an experimental proced-
ure1; it represents an established option, with a signif-
icant number of procedures performed every year,2 to
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consequences. In this light, the efficacy of MAT is
gaining increasing evidence. In fact, good to excellent
results have been shown in the general population,
with function and pain improvement reported from
short- to long-term follow-up studies.3-5 Recently, a
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significant improvement was confirmed compared with
conservative treatment with physiotherapy.6 Moreover,
there is some evidence supporting the hypothesis that
MAT may even reduce osteoarthritis (OA) progression.7

To this regard, some controversial studies have pointed
out that the heterogeneity of results may be a result of
the treatment indications because the results of MAT
also depend on the type of patient treated.8

The ideal candidate for MAT is a young patient
(usually up to 50 years old)9 with a history of total or
subtotal meniscectomy in an otherwise stable and
aligned knee, complaining of pain at the corresponding
joint compartment and not responding to conservative
treatment.10 Moreover, caution is recommended if
performing MAT in knees with moderate to severe
radiographic OA (i.e., Kellgren-Lawrence grade � 3)
because of the higher reoperation rate and lower graft
survivorship.10 However, patients in clinical practice
only seldom meet the criteria of the ideal candidate. In
particular, the portion of the aging population
remaining active is constantly increasing,11 and clini-
cians frequently deal with patients older than 50 years,
often presenting with some degree of OA, who wish to
continue sports involvement and thus ask for non-
prosthetic treatments. However, although a few series
have investigated the effects of MAT in older patients,12

clinical and subjective results in a homogeneous group
of patients older than 50 years have never been re-
ported. Therefore, there is a need for more solid data
and evidence on the potential and limitations of MAT to
consider when deciding the indications for MAT in such
patients.
The purpose of this study was therefore to evaluate the

influence of age on midterm clinical outcomes and fail-
ures of MAT, aiming at investigating the hypothesis that
MAT would be effective in patients older than 50 years.

Methods
This case-control study is based on the Rizzoli Or-

thopaedic Institute’s database of 175 consecutive MAT
procedures performed between June 2006 and March
2013. Data on patients older than 50 years with at least
5 years of follow-up were extracted to form the treat-
ment group (older MAT [O-MAT] group) based on an a
priori sample size calculation. Chondral damage and
concomitant procedures were not considered exclusion
criteria. From the same database, data on a group of
patients younger than 30 years at surgery, consecu-
tively matched for follow-up, side of MAT, and sex,
were extracted to form the control group (younger
MAT [Y-MAT] group). The age cutoff values were
selected to maximize the possible differences between
the 2 groups. A matched-pair comparative analysis of
midterm results and survival between 26 O-MAT pa-
tients and 26 Y-MAT patients was performed at a mean
follow-up of 7.3 � 2.2 years (minimum, 5 years).
The indications for MAT in both groups were uni-
compartmental pain due to a previous total or subtotal
meniscectomy, grade I to III OA according to the
Kellgren-Lawrence radiographic evaluation, no signs of
contralateral-compartment and patellofemoral-
compartment damage, and less than 5� of axial
malalignment. In the case of greater than 5� of mala-
lignment, a corrective osteotomy was performed to
achieve neutral alignment. In the case of ante-
roposterior knee laxity and patient-reported subjective
instability, a concomitant anterior cruciate ligament
(ACL) reconstruction was performed. In patients with
focal Outerbridge grade III or IV chondral lesions
smaller than 2 cm2, microfractures were performed,
whereas in cases of larger focal Outerbridge grade III or
IV lesions, an osteochondral biomimetic scaffold was
implanted.13 In the case of diffuse chondral damage or
kissing lesions, no cartilage procedures were performed.
All patients undergoing MAT were adequately coun-
seled regarding the risks and benefits of the procedure
and surgical alternatives, and in patients refusing sur-
gery, conservative treatment was proposed as an
alternative; in particular, in active patients older than
50 years who refused metal resurfacing, MAT was
suggested as a salvage procedure to restore the knee
anatomy and biomechanics. No patient refused MAT
for ethical or religious reasons.

Surgical Technique
The surgical procedures were performed by 2 senior

surgeons (S.Z. and M.M.) with experience treating knee
conditions. Fresh-frozen (e80�) nonirradiated and
noneantigen-matched allografts were used. The age
criterion for donors was 15 to 35 years. Anthropometric
parameters were used preoperatively to establish the
correct size of the graft.14 The transplantation was
performed arthroscopically using a single-tunnel tech-
nique15 or double-tunnel technique16 depending on
graft size mismatch and without bone plugs. Arthro-
scopically, the remnant of the native meniscus was
removed up to the meniscal-capsular zone. A tibial
tunnel directed to the posterior horn insertion was
prepared to secure the suture corresponding to the
posterior meniscal horn to the anterior tibial cortex.
The previously prepared graft was inserted into the
joint after a shuttle suture was passed through the
posterior tunnel.15 When the shuttle suture was pulled,
the graft was located correctly and fixed to the capsule
with all-inside stitches (No. 0 nonabsorbable Ultrabraid
wire and poly-L-lactide bioabsorbable implants; Smith
& Nephew, Andover, MA).
If the graft was determined to be the correct size, a

second tibial tunnel, directed to the anterior horn
attachment, was created, and the suture secured to the
anterior horn graft was passed through the second tibial
tunnel as performed for the posterior horn. Finally, the
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anterior horn of the transplanted meniscus was fixed to
the remnant of the anterior horn of the native meniscus
by an outside-in standard suturing technique using No.
2-0 PDS II (Ethicon, Somerville, MA). If the graft was
not the correct size, creation of the anterior tibial tunnel
was not performed. Rather, an additional arthroscopic
portal was created at the same level as the end of the
anterior horn of the graft, and the suture placed in the
anterior horn was retrieved. Finally, the same suture
was used to perform a stitch to fix the graft to the
capsule using a free needle. The type of surgical pro-
cedure and the number of tunnels did not differ be-
tween the O-MAT and Y-MAT groups (Table 1). After
checking for graft stability, the surgeon performed the
required concomitant procedures. In the case of varus
deformity, a lateral closing-wedge high tibial osteotomy
fixed with a Krackow staple was performed during the
same surgical stage. Valgus deformity was treated with
a medial closing-wedge distal femoral osteotomy fixed
Table 1. Comparison of Baseline Characteristics and Scores
Between O-MAT and Y-MAT Groups

O-MAT Group
(n ¼ 26)

Y-MAT Group
(n ¼ 26)

P
Value

Demographic
characteristics
Age at surgery, yr 55.3 � 4.7 24.1 � 4.4 <.0001*
Final follow-up,

yr
7.1 � 2.1 7.5 � 2.3 .0706

Age at final
follow-up, yr

62.4 � 4.8 31.6 � 5.0 <.0001*

Sex: male/female 18 (69)/8 (31) 23 (88)/3 (12) .1744
BMI at surgery 25.1 � 3.8 23.7 � 2.0 .0683
Time from first

meniscectomy,
yr

16.1 � 10.7 5.1 � 3.5 <.0001*

Surgical
characteristics
Knee: right/left 15 (58)/11 (42) 13 (50)/13 (50) .7809
Meniscus: medial/

lateral
17 (65)/9 (35) 15 (58)/11 (42) .7756

Concomitant
procedures:
yes/no

14 (54)/12 (46) 13 (50)/13 (50) >.9999

No. of tunnels:
1 tunnel/2
tunnels

16 (62)/10 (38) 18 (69)/8 (31) .7707

Clinical data
VAS score for

pain
(0-100)

61.5 � 28.2 58.0 � 24.2 .4572

Lysholm score
(0-100)

53.6 � 17.5 55.9 � 16.3 .5413

Tegner score
(0-10)

2 (1-4) 3 (2-4) .2299

NOTE. Data are presented as mean � standard deviation, number of
patients (percentage), or median (interquartile range).
BMI, body mass index; O-MAT, meniscal allograft transplantation in

patients older than 50 years; VAS, visual analog scale; Y-MAT,
meniscal allograft transplantation in patients younger than 30 years.
with a blade plate. When needed, ACL reconstruction
was performed with hamstrings using a single bundle
plus a lateral-plasty technique during the same surgical
stage.17 Cartilage procedures, open or arthroscopic,
were also performed after MAT. At this point, the skin
was closed and a compressive bandage and full-
extension brace were placed.

Rehabilitation
The postoperative rehabilitation protocol started with

a 2-week period of immobilization and no weight
bearing, followed by toe-touch weight bearing for the
following 2 weeks, restriction of range of motion
(0�-90� during weeks 3-4 and then free range of
motion), isometric exercises, and closed-chain
strengthening. At week 4 postoperatively, partial
weight bearing was allowed, and at week 6 post-
operatively, progression to full weight bearing was
started; patients were also allowed to fully flex the
knee. Sport-specific exercises were started after
3 months; a return to noncontact activities was not
allowed until the fourth month. Patients were advised
not to resume high-demand sports activities before
8 months postoperatively. Owing to the cautious nature
of the rehabilitation protocol regarding knee mobiliza-
tion and weight bearing, no substantial differences were
present in the case of concomitant ACL reconstruction,
osteotomy, or cartilage procedures.

Patient Evaluation
Demographic details were extracted from the pa-

tient’s medical chart. Time from the first meniscectomy
(in years) and the details of the surgical intervention
and concomitant procedures were noted.

The preoperative evaluation was performed with the
Lysholm score, the Tegner activity scale, and a visual
analog scale for pain from 0 to 100. The final follow-up
evaluation was performed using the same scores ob-
tained preoperatively; moreover, a global satisfaction
scale from 0 to 100 was administered. In addition,
patients were asked whether they would repeat the
procedure if needed. Details regarding sports practiced
and the level of sport (competitive or recreational)
before symptom onset and at final follow-up were
registered, as was the time to return to sports activity.
All procedures performed during the follow-up period
were recorded. Failure was considered in the case of a
revision procedure related to the initial MAT, such as
total knee arthroplasty (TKA), unicompartmental knee
arthroplasty (UKA), or meniscectomy owing to a graft
tear or revision MAT, and in the case of a poor Lysholm
score (<65 points).18 In the case of failure as a result of
a revision procedure, clinical scores were not adminis-
tered and the time to revision was noted and used for
survival analysis. A poor Lysholm score was not
considered for the survival analysis because it was



Table 2. Previous and Concurrent Procedures in O-MAT and
Y-MAT Groups

O-MAT Group
(n ¼ 26)

Y-MAT Group
(n ¼ 26)

P
Value

Previous procedures .2513
1 procedure 19 (73) 12 (46)
�2 procedures 7 (27) 14 (54)

Lateral meniscectomy 12 15
Medial meniscectomy 18 19
HTO 1 0
ACL reconstruction 3 16
PCL reconstruction 0 1
Arthroscopic debridement 3 5
ACI 0 1

Concurrent procedure .8476
Isolated MAT 12 (46) 13 (50)
Concomitant procedures 14 (54) 13 (50)

HTO 8 3
DFO 1 1
ACL reconstruction 4 5
PCL reconstruction 0 1
MCL reconstruction 1 0
Osteochondral scaffold 0 3
Microfracture 0 1

NOTE. Data are presented as number of patients (percentage) or
number of patients.
ACI, autologous chondrocyte implantation; ACL, anterior cruciate

ligament; DFO, distal femoral osteotomy; HTO, high tibial osteotomy;
MAT, meniscal allograft transplantation; MCL, medial collateral liga-
ment; O-MAT, meniscal allograft transplantation in patients older
than 50 years; PCL, posterior cruciate ligament; Y-MAT, meniscal
allograft transplantation in patients younger than 30 years.
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impossible to know the time of failure given the study’s
retrospective design. This study has been approved by
the Local Ethical Committee of the Rizzoli Orthopaedic
Institute, Bologna, Italy (Protocol No. 0021258).

Statistical Analysis
An a priori sample size calculation was performed

with a power of 0.80 and an error rate of 5%, consid-
ering a difference of 8 � 10 points in the Lysholm score
between the 2 groups. On the basis of this calculation,
we included 26 patients in each group.
Statistical analysis was performed with the MedCalc

program (MedCalc Software, Oostende, Belgium). All
continuous parametric variables were expressed as
mean � standard deviation, Tegner activity scale scores
were expressed as median and interquartile range, and
categorical variables were expressed as number and
percentage. Comparison between preoperative and
final follow-up values was performed with the paired-
samples t test for continuous variables, whereas differ-
ences in Tegner activity scale scores were evaluated
with the Wilcoxon test. Comparison between the 2
groups was performed with the paired-samples t test for
continuous variables, whereas between-group differ-
ences in Tegner scores were analyzed with the Wil-
coxon test. In the case of missing values for clinical
scores owing to failure, the preoperative values were
used to avoid overestimation of the clinical status. Dif-
ferences in categorical variables were analyzed with the
c2 or McNemar test. Kaplan-Meier curves were per-
formed for the total series and for each subgroup using
surgical failure data. The endpoints were MAT-related
reoperations or MAT failures. The mean estimated
survival times with 95% confidence intervals were also
calculated from the Kaplan-Meier curves. Because of
the limited numbers of patients in the O-MAT and
Y-MAT groups, the log-rank test to assess differences in
survival times and rates was not applied. Differences
were considered significant at P < .05.

Results
The mean age at surgery of the 26 patients in the O-

MAT group was 55.3 � 4.7 years, whereas in the Y-
MAT group, it was 24.1 � 4.3 years (P < .00001). All
the other demographic characteristics, surgical factors,
and baseline clinical scores were comparable between
the 2 groups, except time since first meniscectomy and
MAT (P < .00001) (Table 1). The medial meniscus and
lateral meniscus were involved in 17 and 9 cases,
respectively, in the O-MAT group and 15 and 11 cases,
respectively, in the Y-MAT group. In addition to medial
or lateral meniscectomy, 27% and 54% of patients in
the O-MAT and Y-MAT groups, respectively, had un-
dergone a further procedure before MAT, mostly
contralateral meniscectomy or ACL reconstruction
(P ¼ .2513) (Table 2).
Clinical Scores
At a mean follow-up of 7.3 � 2.2 years, all the clinical

scores were significantly improved from the baseline
values in both the O-MAT and Y-MAT groups (Table 3).
However, the O-MAT group had a significantly lower
Lysholm score (9.2 points), visual analog scale score,
and Tegner score (2 points) (Fig 1, Table 3). Moreover,
a significant difference between the 2 groups was found
regarding the number of patients with excellent, good,
fair, and poor Lysholm scores (P ¼ .0221). In fact, 4
patients (18%) in the O-MAT group had poor Lysholm
scores; these cases were therefore considered failures.
Only 1 patient in the Y-MAT group (4%) had a poor
Lysholm score (Fig 2). The surgical technique (number
of tunnels) did not correlate significantly with the
Lysholm scores at follow-up. Excluding patients with
MAT removal, we found that only 36% of O-MAT
patients were pain free compared with 74% in the
Y-MAT group (P ¼ .0169), but patient satisfaction was
similar between groups (Table 3).

Sports Activity
At the final follow-up, 16 patients (62%) in the

O-MAT group were able to practice sports, mostly
noncontact activities such as jogging and cycling. In
contrast, in the Y-MAT group, the 17 patients (65%)



Table 3. Comparison of Final Follow-Up Scores Between O-MAT and Y-MAT Groups

O-MAT Group
(n ¼ 26)

Y-MAT Group
(n ¼ 26) Difference P Value

VAS score for pain (0-100) 31.2 � 29.0* 16.2 � 30.1* þ15.0 (SE, 8.2) .0285*

Lysholm score (0-100)y 78.0 � 17.2* 87.2 � 13.7* e9.2 (SE, 4.3) .0402*

Excellent (91-100) 9 (41) 15 (65) .0336*

Good (84-90) 1 (5) 4 (18)
Fair (65-83) 8 (36) 3 (13)
Poor (0-64) 4 (18) 1 (4)

Tegner score (0-10) 3 (3-6)* 5 (4-7)* e2 .0196*

Satisfaction (0-100) 78.1 � 25.8 90.4 � 15.8 e12.3 .0672
Reoperation 7 (27) 6 (24) þ1 (3) .1000
Failure 8 (31) 4 (15) þ4 (16) .3234

NOTE. Data are presented as mean � standard deviation, number of patients (percentage), or median (interquartile range) unless otherwise
indicated.
O-MAT, meniscal allograft transplantation in patients older than 50 years; SE, standard error; VAS, visual analog scale; Y-MAT, meniscal

allograft transplantation in patients younger than 30 years.
*Significant improvement from baseline (P < .0001).
yFor grading of the Lysholm score, only the patients who did not experience failure are accounted for (O-MAT group, n ¼ 22; Y-MAT group,

n ¼ 23).
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who returned to sports were involved in strenuous
activities, especially soccer at both the recreational and
professional levels. The mean time to return to sports
was 8.1 � 4.1 months in the O-MAT group and 9.3
� 4.2 months in the Y-MAT group. The principal
motivation for abandoning sports in both groups was
“personal reasons” (Table 4).

Reoperations and Failures
In the O-MAT group, 7 patients (27%) underwent a

subsequent surgical procedure during the follow-up
period: 1 UKA and 1 TKA (8%), 1 graft removal and
1 graft meniscectomy (8%), 2 hardware removals
(8%), and 1 arthroscopic arthrolysis (4%). However,
Fig 1. Preoperative (Pre-op) and follow-up clinical scores (visua
satisfaction) in older meniscal allograft transplantation (MAT) and
differences (P < .05). Comparison between preoperative and final
in the case of continuous variables, whereas differences in Tegne
Comparison between the 2 groups was performed with the pair
group differences in Tegner scores were analyzed with the Wilco
only UKA, TKA, graft removal, and meniscectomy
(15%) were considered failures. The overall failure rate
in the O-MAT group, which includes the 4 patients with
poor Lysholm scores (including 1 with hardware
removal), was 31%.
In the Y-MAT group, 6 patients (24%) underwent a

subsequent procedure: 3 graft meniscectomies (12%), 2
hardware removals (8%), 1 arthroscopic debridement
not related to MAT (4%), and 1 previously planned
autologous chondrocyte implantation (4%). Because
only meniscectomies were considered failures and only
1 patient (who underwent hardware removal) had a
poor Lysholm score, the overall failure rate in the
Y-MAT group was 15%.
l analog scale [VAS] for pain, Lysholm, Tegner activity, and
younger MAT groups. Asterisks indicate statistically significant
follow-up values was performed with the paired-samples t test
r activity scale scores were evaluated with the Wilcoxon test.
ed-samples t test for continuous variables, whereas between-
xon test.



Fig 2. Lysholm score ranks
in older meniscal allograft
transplantation (O-MAT)
and younger meniscal allo-
graft transplantation (Y-
MAT) groups.
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Survival Analysis
The overall failure rate considering knee replacement

or graft removal at final follow-up was 13%, and the
mean estimated survival time predicted from analysis of
the Kaplan-Meier curve was 12.0 years (Fig 3A). When
the 2 subgroups were evaluated separately (Fig 3B), the
mean estimated survival time free from replacement or
graft removal was 11.6 years in the O-MAT group and
12.3 years in the Y-MAT group (P ¼ .691, Table 5).

Discussion
The most important finding of this study is that MAT

is able to provide symptom relief and functional
improvement in active patients older than 50 years
although with results inferior to those younger than
30 years. MAT is increasingly recognized as a valid
treatment option, and interest in extending the in-
dications for MAT is growing as well. The presence of
concomitant cartilage damage is still a controversial
aspect. Some studies have suggested that advanced
cartilage damage is associated with unsuccessful MAT,
with poor clinical improvement, a high reoperation
rate, and a high failure rate.19 Nevertheless, the
occurrence of patients needing MAT and already
showing cartilage degeneration is extremely frequent,
and recent studies addressing this issue have reported
satisfactory results even for these types of patients.20-22

Kempshall et al.20 compared the short-term results of
MAT in young patients with or without advanced
chondral damage and reported a higher failure rate in
patients with advanced chondral damage but an overall
clinical benefit similar to the ideal patient group.
Similarly, Mahmoud et al.21 reported an improvement
at midterm follow-up in patients with a mean age of
35 years with cartilage lesions, although the survival
rate was lower with respect to the control group.
Saltzman et al.22 reported no statistically significant
differences in clinical scores, complications, and failures
between young patients with chondral lesions treated
concurrently with cartilage restoration procedures and
those without chondral lesions at 4 years of follow-up.
In addition, other authors have suggested that concur-
rent cartilage repair and MAT could successfully treat a
meniscus-deficient knee with severe articular cartilage



Table 4. Comparison of Sports Activity Between O-MAT and
Y-MAT Groups

O-MAT Group
(n ¼ 26)

Y-MAT Group
(n ¼ 26)

Return to sports activity 16 (62) 17 (65)
Professional level 0 (0) 5 (19)
Recreational level 16 (100) 12 (81)

Sport
Soccer 0 8
Basketball 0 1
Volleyball 0 1
Tennis 0 1
Jogging or running 3 3
Skiing 3 0
Cycling 4 2
Swimming 3 1
Hunting 2 0
Dancing 1 0

Time to return to sports, mo 8.1 � 4.1 9.3 � 4.2
Abandoned sports activity 10 (38) 9 (35)

Knee pain 4 1
Other health problems 0 1
Fear of reinjury 1 1
Personal reasons 5 6

NOTE. Data are presented as mean � standard deviation, number of
patients (percentage), or number of patients.
O-MAT, meniscal allograft transplantation in patients older than

50 years; Y-MAT, meniscal allograft transplantation in patients
younger than 30 years.
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damage.12,13,20 In particular, in the study by Marcacci
et al.,13 patients with unicompartmental OA were
shown to benefit from a combined biological approach
involving realignment procedures, ACL reconstruction,
osteochondral scaffold implantation, and MAT, sup-
porting the use of MAT in patients with complex con-
ditions as a salvage procedure to avoid metal
resurfacing. Nevertheless, patients younger than
40 years still showed greater clinical improvement,
suggesting a lower healing potential in older patients.
Thus, although concomitant cartilage lesions are be-

ing considered a contraindication less and less and
although early MAT actually has recently been sug-
gested in these cases even without marked pain to
prevent further diffuse cartilage loss and to potentially
yield a better long-term prognosis,19 the limited healing
potential of older patients remains a concern. Actually,
age has been poorly investigated among factors influ-
encing the outcome of MAT, probably because of the
commonly accepted cutoff of 50 years as an indication
for MAT,9 and therefore, the evidence on older patients
is limited in the literature. In our study, the analysis was
focused, through a matched-pair comparative evalua-
tion, on determining the opportunity to extend the
indications for MAT to active adults older than 50 years.
The importance of this investigation derives from the

constant increase in an aging population remaining
active. These relatively young patients could benefit
from a biological treatment approach to restore
meniscal function and avoid or at least delay prosthetic
resurfacing. In fact, patients aged 50 to 54 years are at a
very high risk of undergoing revision surgery after knee
arthroplasty, which can be quantified with a 35% risk
of revision during the patients’ lifetime,23 and thus it is
advisable to postpone replacement surgery as long as
possible, taking advantage of biological treatment stra-
tegies such as MAT in the older active population.
Only a few studies have reported the results of MAT

in patients older than 50 years, always within larger
heterogeneous series and focusing marginally on the
effect of age on the results and failures of MAT. In
particular, Stone et al.12 compared the failure rate of 53
patients older than 50 years with that of younger pa-
tients, finding a 2.9 higher risk of failure. However,
they included patients with a broad follow-up period,
ranging from 2 months to 12.3 years, and did not
provide a stratification of patient reported outcome
measures based on patients’ age. In this regard, it is
important to point out that results and survival values
of MAT in less recent studies must be interpreted with
caution, given that techniques were often significantly
Fig 3. Survival curve until
graft removal in overall
survey (A) and for older
meniscal allograft trans-
plantation (MAT) and
young MAT groups (B).



Table 5. Survival Analysis in O-MAT and Y-MAT Groups

Survivorship Free From MAT Removal

O-MAT Group
(n ¼ 26)

Y-MAT Group
(n ¼ 26)

Overall
(N ¼ 52)

Mean time
(95% CI), yr

11.6 (9.8-13.2) 12.3 (10.8-13.6) 12.0 (10.7-13.0)

2 yr (SE), % 96 (4) 96 (4) 96 (3)
4 yr (SE), % 88 (6) 92 (5) 90 (4)
6 yr (SE), % 88 (6) 87 (7) 87 (5)
8 yr (SE), % 80 (10) 87 (7) 83 (6)
10 yr (SE), % 80 (10) 87 (7) 83 (6)
12 yr (SE), % 80 (10) 87 (7) 83 (6)

CI, confidence interval; MAT, meniscal allograft transplantation;
O-MAT, meniscal allograft transplantation in patients older than
50 years; SE, standard error; Y-MAT, meniscal allograft trans-
plantation in patients younger than 30 years.
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different from those currently applied.24 In our study,
indeed, the graft survival rate was higher: At a mean
follow-up of 7 years, only 2 patients underwent knee
arthroplasty, suggesting the possible efficacy of MAT as
a bridge procedure. Moreover, considering both surgical
failure and poor clinical outcomes, the percentage of
Fig 4. Preoperative magnetic resonance imaging of a 57-year-o
plantation (A, B) and imaging at 5-year follow-up evaluation (C,
(red asterisks), and overlying femoral cartilage (white arrows) ar
patients with good results in the O-MAT group was
61%. This finding is actually in line with recent studies
on younger patients, aged under 50 years, such as the
study of Noyes and Barber-Westin,25 who found a
survival rate of 63% at 10 years. It is also important to
underline that in these types of patients, who are
willing to buy time delaying a joint replacement,
symptom relief as well as an active lifestyle can be
considered the primary goal.24 Accordingly, our study
confirmed the efficacy of MAT in improving patients’
symptoms and allowing them to return to their desired
activities.26 In fact, two-thirds of these older patients
were able to return to sports activity at a recreational
level. Still, younger patients were more likely to return
to competitive activities. This finding may be explained
by the different sports requirements and aims of the
different age groups. The return to competitive activ-
ities could be responsible for most of the surgical fail-
ures in the Y-MAT group, which were caused by graft
lesions and occurred during a new trauma, and as such,
the failure rate in young patients could have been
overestimated. On the other hand, the reasonably
ld male patient undergoing lateral meniscal allograft trans-
D). The meniscal defects (black asterisks), meniscal allografts
e highlighted.



Fig 5. Preoperative magnetic resonance imaging of a 15-year-old female patient undergoing lateral meniscal allograft trans-
plantation (A, B) and imaging at 5-year follow-up evaluation (C, D). The meniscal defects (black asterisks), meniscal allografts
(red asterisks), and overlying femoral cartilage (white arrows) are highlighted.
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higher failure rate of the implants in older patients
could be explained by a lower healing potential of MAT.
In older patients, in fact, the greatest challenge is rep-
resented by the unfavorable environment character-
izing osteoarthritic joints, which was shown to
significantly decrease the potential of regenerative
procedures.27 Another aspect that could contribute to
an unfavorable environment is represented by the time
since the articular damage occurred, which could be
identified with the interval from the first meniscec-
tomy. In fact, the loss of homeostasis consequent to the
initial damage causes a chronic catabolic environment
that can alter all the articular structures, eventually
leading to an osteoarthritic knee.28

Limitations
Regarding study limitations, the matching process did

not allow us to fully match the groups because of the
number of patients available. In detail, the cartilage status
could not be considered in the matching process because
of the lack of a sufficient number of young patients with
degenerated cartilage and old patients without some
degeneration. Actually, this reflects the general popula-
tion, thus allowing conclusions to be drawn on the most
typical patients dealing with this pathology. This study
presents someother limitations. First, although this was a
comparative study based on a database case-control
evaluation, the retrospective nature of patient selection
may entail some bias. Moreover, although our study is
one of the largest surveys focusing on this issue at
midterm follow-up and despite our performance of a
power analysis based on the Lysholm score, the number
of patients may still be underpowered to perform a sta-
tistical analysis regarding the failure rate between the
O-MAT and Y-MATgroups and alsomay be related to the
lack of statistically significant differences between the 2
groups in the other outcomes evaluated; thus, these types
of results should be considered cautiously.Moreover, the
lack of a control group of patients older than 50 years
undergoing alternative procedures to MAT or not un-
dergoing surgery limits the power of the results and does
not allow conclusions to be drawn on the superiority of
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MAT over other procedures. Furthermore, our study
included both medial and lateral MAT, as well as
concomitant procedures in at least 50% of patients, and
this reduces the homogeneity of the results, given that
previous literature reported a lower survival rate inmore
medically complex patients12,20,21; patients should be
advisedabout this risk.Moreover, thedifferenceobserved
between the O-MAT and Y-MAT groups in the time
elapsed between the first meniscectomy and MAT could
be interpreted as a limitation of this study because it could
influence the differences observed in the final results
between groups. Furthermore, this study lacked a
radiologic evaluation, which could generally be consid-
ered a meaningful aspect in MAT to quantify the pro-
gression of OA.29 The number of magnetic resonance
imaging scans available at midterm follow-up was not
sufficient to perform a statistical comparison. The reason
lies in the retrospective nature of the study based on a
hospital database, for which no routine radiologic eval-
uation was considered for economic and ethical reasons.
Magnetic resonance imaging examples from the O-MAT
and Y-MAT groups are provided in Figures 4 and 5,
showing the quite different scenarios in the 2 groups.
Nevertheless, more than radiographic OA progression, in
this category of older patients who already showed some
degree of OA at the time of implantation, it is paramount
to understand the improvement in pain symptoms and
function because they are the most important determi-
nant factors for the indications for knee arthroplasty. In
this study, both clinical results and the need for surgical
revision or arthroplasty were considered for the failure
analysis. The definition of “surgical failure” used for the
analysis may be a matter of argument because TKA and
UKAarenot equivalent tomeniscectomies. Nevertheless,
it is important to consider that failure in patients younger
than30 years cannot be treated in the sameway as failure
in patients older than 50 years. In fact, in younger pa-
tients, arthroplasty is not and should not be taken into
account as an option, and every attempt should be made
to preserve the graft, with a preference formeniscectomy
and sutures over graft removal. In patients older than
50 years, on the other hand, MAT often already repre-
sents a salvage procedure, and in the case of failure, pa-
tients may undergo arthroplasty. Still, failures are an
essential part both for performing scientific evaluations of
the outcomes of surgical strategies30 and for providing
honest expectations and more appropriate indications to
patients who are candidates for MAT, and a combined
surgical and improvement-based definition of failure is
crucial to properly evaluate its potential and limitations.

Conclusions
MAT is able to provide symptom relief and functional

improvement at midterm follow-up in patients older
than 50 years although with inferior results and a
higher failure rate compared with those younger than
30 years. MAT can be considered a viable option to treat
patients older than 50 years.
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