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Purpose: Qur purpose was to determine the results of meniscal allograft transplantation (MAT) in high school and
higher-level athletes, specifically with respect to return to their preinjury level of play. Methods: This is a retrospective
case series of prospectively collected data from a single surgeon, evaluating athletes who underwent MAT. Each patient
participated in either high school, collegiate, or professional athletics before injury, with a mean preinjury Tegner score of 8.
In addition, patients were only included if one of their stated preoperative goals was to return to their previous level of
activity. Patients completed preoperative and postoperative validated knee surveys (Knee Injury and Osteoarthritis
Qutcome Score, International Knee Documentation Comumittee score, Lysholm score, and Tegner score) and underwent
physical examinations. Results: The mean age of the 13 included patients was 19.8 years, with a mean follow-up of 3.3
years (range, 1.9 to 5.7 years). After MAT, 10 of 13 patients (77 %) retuxned to sporting activity. The mean Knee Injury and
Osteoarthritis Outcome Score for the sport subset was 76 (SD, 18), the mean International Knee Documentation Committee
score was 77 (SD, 14), and the mean Lysholm score was 81 (SD, 13). Of the 13 patients, 3 (23 %) required further surgery,
comprising one revision MAT, one partial meniscectomy, and one meniscal repair. Conclusions: In this small retrospective
series, 77% of high school and higher-level athletes with meniscal deficiency and symptomatic “post-meniscectomy
syndrome” returned to their desired level of play after MAT. These athletes also had significant improvements in most

outcome measures. Level of Evidence: Level IV, therapeutic case series,

eniscal pathology is the most commonly treated

knee injury, with an incidence rate of 61 cases per
100,000 person-years." The knee menisci have critically
important roles including load transmission, stabiliza-
tion,? shock absorption, joint lubrication, and articular
cartilage nutrition.>* Because of this critical function,
every attempt should be made to repair meniscal tears
in young patients. However, some meniscal tears are
not reparable, leaving the surgeon few options other
than partial or subtotal meniscectomy.’” Outcomes are
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particularly poor in athletes after meniscectomy.'®*?

Aftermeniscal removal, “post-meniscectomy syndrome,”
consisting of recurrent joint effusions, pain, and symp-
tomatic “giving way,” may develop in athletes. This
constellation of symptoms may limit or prevent the
athlete from returning to play after meniscal injury and
surgery.”™

Meniscal allograft transplantation (MAT) is a surgical
procedure indicated for patients with symptomatic
meniscal deficiency.** Past series on MAT show suc-
cessful improvement in quality of life and activities of
daily living in a slightly older, less active patient pop-
ulation.'” These series are deficient in that they do not
address the young athlete with post-meniscectomy
syndrome. The purpose of this study was to determine
the outcome of MAT in high school and higher-level
athletes, specifically with regaxd to ability to return to
play. Our hypothesis was that the significant pain relief
and functional gains that follow MAT would reliably
allowy athletes to return to their previous level of activity.

Methods
Between 2004 and 2009, 166 consecutive patients
underwent MAT. After institutional review board
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approval, these patients underwent an informed consent
process and were followed up as part of a prospective
database of cartilage restoration procedures. Clinical
criteria used for MAT include persistent symptoms
after meniscectomy, normal alignment or correction
to normal alignment, and a stable ligamentous knee
condition or correction to a stable ligamentous knee
condition. Prospectively collected preoperative data
included level and type of preinjury athletic activity.
Patients were asked their motivation for seeking treat-
ment in a multiple choice format with one possible
answer being returning to preinjury athletic activity. The
inclusion criteria were (1) preoperative participation in
high school, collegiate, semiprofessional, or professional
athletics as specified on our preoperative specific sport/
activity survey and (2) preoperative self-selected moti-
vation of returning to preinjury athletic activity as spec-
ified on our preoperative sport/activity survey (Table 1).
Of our 166 patients, 14 met these criteria, of whom one
was lost to follow-up.

Surgical Planning, Technique, and Rehabilitation

Of the transplants, 11 were performed with a bridge-
in-slot technique’® (10 patients) and 3 were performed
with a double—bone plug technique'” to accommodate
concomitant anterior cruciate ligament reconstruction.
The sizing protocol'®'? and operative technique are
described elsewhere.'® In all cases fresh-frozen, nonir-
radiated menisci were used.

The postoperative rehabilitation protocol has been
described elsewhere, with a 2-week period of protected
weight bearing and immobilization, followed by full
weight bearing, range of motion, strengthening, and
closed-chain strengthening, progressing to sport-specific
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activities by 3 months and full training by 4 months
postoperatively.”

Patient evaluations were performed preoperatively
and at greater than 2 years postoperatively (except for
the patient evaluated at 1.9 years) with the Knee Injury
and Osteoarthritis Outcome Score (KOOS) and Inter-
national Knee Documentation Committee (IKDC),
Lysholm, and Tegner validated scoring questionnaires
in addition to a sport-specific questionnaire (Table 1)
and physical examination. Standing radiographs in full
extension were obtained preoperatively and at final
follow-up and graded by use of the Kellgren-Lawrence
system.*® Subsequent procedures were also recorded.

Statistical analysis was performed with SPSS software
for Windows (version 8.0; SPSS, Chicago, IL), and
groups were analyzed with the Student ¢ test, as well as
descriptive statistics. For this study, P < .05 was deemed
significant.

Results

Table 2 shows demographic characteristics of the 13
included patients. The mean preinjury Tegner score
was 8, with an SD of 2. Of the patients, 5 (38%) had
previous surgical procedures performed concomitantly
with meniscectomy, including 5 anterior crudiate liga-
ment reconstructions, 2 microfracture procedures, and 1
osteoarticular autografting procedure. Of the patients, 4
(31%) had prior total meniscectomies and 9 (69%) had
subtotal meniscectomies. Pain and swelling developed
after meniscectomy in all patients, 7 (54%) with activities
of daily living, and all with attempted athletic activity, at
a mean (£ SD) of 23.9 £ 23.5 months after the index
meniscectomy. Although 8 of these patients (62%)

Table 1. Specific Sport/Activity-Related Questionnaire Completed by Patients Who Met Criteria After Secondary Survey of

Clinical Data (n = 25)

Question

Response

1. What was your goal in having meniscal allograft transplantation?

2. What sport/activity did you participate in prior to injury or onset of symptoms?
3. What was your highest level attained in that sport/activity prior to injury?

4. How many hours per week did you train/play/participate at the above level after/during

injury/symptoms?

5. How many hours per week did you train/play/participate at the above level after surgery

and rehabilitation?

6. How long after surgery did it take you to reach your previous level of activity?

7. Were you able to return to your previous level of activity?

8. Based on your experience, if you have the same problem on the opposite knee, would you

have this surgery again?

Improve activities of daily living*
Pain relief*

Return to athletics or previous level of activity
Other

Sport/activity

Recreational*

High school varsity

Collegiate

Minors

Professional

Hours per week

Hours per week

Months
Yes/no
Comment
Yes/no
Comment

*Patients who responded in this manner met the exclusion criteria for this study.
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Table 2. Patient Demographic Characteristics
Procedures
Patient Medial/ Concomitant Age at Follow-up Initial Subsequent
No. Side Lateral to Initial MAT Sex  Surgery (yr) (yr) Athletics Procedure Procedures
1 Right Medial ~ ACL reconstruction  F 194 2.3 Collegiate track and field DBP None
2 Right Lateral None M 20.4 3.2 Collegiate basketball BIS Partial Mrx
3 Left Medial ~ ACL reconstruction F 23.8 3.0 Collegiate track DBP Argfrisgpy
4 Left Lateral None F 19.8 4.4 Collegiate soccer BIS Revision
at 1 yr
5 Left Lateral None F 17.1 2,5 Collegiate basketball BIS None
6 Right Lateral None M 20.9 2,0 Professional baseball BIS PTMR
7 Right Lateral OA. graft F 18.8 3.4 Collegiate softball BIS None
8 Left Lateral None F 20.4 3.6 Collegiate basketball BIS None
9 Left Lateral None M 17.5 3.9 HS varsity wrestling BIS None
10 Left Lateral OA graft, DFO F 18.9 5.7 Collegiate basketball BIS None
11 Right Lateral MxFx F 17.5 5.5 HS varsity soccer BIS None
12 Left Medial  ACLreconstruction M 16.5 2.0 HS varsity football DBP None
13 Right Lateral OA graft F 19.8 1.9 Collegiate basketball BIS None
Total 6 right 10 lateral 8 procedures in 9 Fand 19.3 (17-24) 3.3 (1.9-5.7) 10 BIS 3 procedures
and 7 left and 3 medial 7 patients 4 M and 3 DBP in 3 patients

ACL, anterjor crudiate ligament; BIS, bone in slot; DBP, double bone plug; DFO, distal femoral osteotomy; HS, high school; Mtx, meniscectomy;
MxFx, microfracture; OA, osteochondral; PTMR, post-traumatic meniscal repair.

attempted to return to sports, none were able to return to
their preinjury level of play. Table 3 shows Outerbridge
grading®! of the articular cartilage at the time of MAT.

Ofthe 13 study participants, 10 (77 %) returned to their
previous level of activity. Of the 13 patients, 9 (70%)
returned to their desired level of play. Patients spent
amean of 25.4 hours per week (range, 10to 56 hours per
week; SD, 12.6) before injury or symptoms participating
in their respective activities, a mean of 8.9 hours per
week (range, 0 to 25 hours per week; SD, 8.9) while
injured, and finally, a mean of 13.3 hours per week
(range, 10 to 56 hours per week; SD, 6.5) after surgery
and rehabilitation. Whether they returned to their
desired level or not, the mean time to return to their
previous athletic level was 16.5 months (range, 8 to 24
months; SD, 6.5).

Overall, there were significant improvements (P < .05)
from preoperative scores to most recent follow-up in
IKDC score, Lysholm score, and overall satisfaction, as
well as the KOOS pain, symptoms, activity of daily living,
and sport subscores (Figs 1 and 2). The mean overall
satisfaction score increased from 5.4 (SD, 2.1) to 8.7
(SD, 1.3) out of 10. The mean IKDC score increased from

Table 3. Status of Articular Cartilage at Time of MAT, Graded
by Outerbridge System?

No. of Patients

Normal cartilage 4
Outerbridge grade I 3
Outerbridge grade II 1
Outerbridge grade TIX 1
Outerbridge grade IV 4

NOTE. All patients with grade IV changes underwent concomitant
osteoarticular allografting.

43 (SD, 15) to 77 (SD, 14) at most recent follow-up. The
mean Lysholm score increased from 55 (SD, 16) to 81
(SD, 13). The KOOS method for following outcomes
is broken down into 5 specific subsets, with 4 (pain,
symptoms, activities, and sport) showing significant
improvement. The Tegner scores were not significantly
different, with the mean being slightly improved from 8
preoperatively to 9 postoperatively (P > .05).
Radiographic follow-up was available for 10 of 13
patients. At final follow-up, one patient was classified as

100.007

80.001

60.007

Mean Score

40,00

20.007

0.00"

Lysholm IKDC

Fig 1. Preoperative (light gray) and postoperative (dark gray)
(final follow-up) Lysholm and IKDC scores. Error bars show
standard deviations. Both Lysholm and IKDC scores were
significantly improved (P < .05).
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Mean Score

Paln Symptoms Sport ADLs Qol.
Fig 2. Preoperative (light gray) and postoperative (dark gray)
(final follow-up) KOOS subset scores. Error bars show stan-
dard deviations. Significant (P < .05) improvements were
seen in pain, symptom, activities of daily living (ADLs), and
sport subscores. Although the quality-of-life (QoL) score
trended toward improvement, the change was not significant
(P=.11).

Kellgren-Lawrence stage 0, 4 were classified as stage 1,
one was classified as stage 2, and 3 were classified as
stage 3. Of the 10 patients, 5 had progressed by one or
more Kellgren-Lawrence stages and 5 were unchanged.
When the cohort was split into patients who under-
went concomitant reconstruction of meniscal, cartilagi-
nous, and/or ligamentous pathology and those who
underwent MAT alone, no significant differences were
seen in age (19.4 years v 19.3 years, P = .93), length of
follow-up (3.4 years v 3.3 years, P = .89), mean overall
satisfaction score at final follow-up (9 v7, P =.23), mean
IXDC score at final follow-up (54 v 61, P = .73), mean
Lysholm score at final follow-up (63 v 71, P = .58), or
mean Tegner score at final follow-up (9 v 9, P > .99).

Subsequent Procedures

Of the 13 patients, 4 (30%) underwent subsequent
procedures. One patient each underwent plica excision,
partial graft meniscectomy, revision MAT, and post-
traumatic meniscal repair. These patients’ data were
included in the statistical analysis, because despite
failing to reach their preoperative goal, they were all
symptomatically improved. In the patient who under-
went partial meniscectomy, zones 1 and 2 of the lateral
meniscus were debrided to the middle third of the
meniscus. In the patient who underwent revision MAT,
allograft shrinkage and degeneration were noted 1
year postoperatively. The patient underwent revision
and, despite never returning to preoperative activity
(collegiate soccer), became a triathlete. Finally, one
allograft had to be repaired after a traumatic tear during
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sport 1 year postoperatively. A tear of the anterior horn
was found and repaired, and the patient is currently at
his desired level of play as a Major League Baseball
player 2 years after MAT and 1 year after meniscal
repair.

Discussion

This retrospective case series of prospectively collected
data describes 13 athletes with symptomatic post-
meniscectomy syndrome who underwent MAT. At
a minimum of 1.9-year follow-up, 77 % of patients were
able to returm to their previous level of activity and 70%
were able to return to their desired level of play. These
patients reported improved Lysholm and IXD C scores, as
well as KOOS pain, symptoms, activity of daily living,
and sport subscores. Of the patients, 78 % reported that
the condition of the knee was 8 of 10 or greater and 93%
reported satisfaction scores of 8 of 10 or greater. Of the
13 MAT patients, 3 (23 %) required revision surgery on
the allograft, consisting of one revision MAT, one partial
allograft meniscectomy, and one meniscal repair. It is
unclear whether graft damage and the need for revision
surgery arose from trawmatic injury to the graft,
immunohistologic reaction to the graft, or graft degen-
eration. Unfortunately, because of the mobility of the
patient population, we were unable to obtain complete
radiographic imaging series including preoperative and
postoperative imaging. In the 10 patients with imaging
available, 5 had no increase in degenerative changes at
final follow-up.

Several series on MAT have shown successful
improvement in quality of life and activities of daily
living in a slightly older, less active patient population
than our series.”* In a recent meta-analysis of 44
available case series, the mean patient age at the time of
MAT was 34.8 years.'” The mean time between injury
and MAT in this same meta-analysis was almost 11
years.? Since the initial series by Milachowski et al.**
in 1989, numerous authors have reported on over
1,000 cases of MAT. The clinical results in our study of
athletes mirror those of previous series, which showed
overall excellent symptomatic and functional results
after MAT in nonathletic populations.”-!>23-32

To our knowledge, our study is the first to report the
outcomes of MAT in high school and higher-level
athletes with the specific intention of returning to their
preinjury level of play.’* In this small series, we have
shovwn that most patients return to their desired level of
play after this procedure. As with most procedures,
management of patient expectations is paramount and is
a critical component of postoperative satisfaction. These
athletes need to understand that a successful return to
play may take up to 2 years after surgery. In addition, they
must be made fully aware of the uncertain effect of MAT,
as well as athletics after MAT, on the eventual progression
of articular cartilage degeneration and deterioration or



MENISCAL TRANSPLANT IN ATHLETES

traumatic disruption of their meniscus implant.”%1%22-38
Longer-term follow-up will continue to provide infor-
mation on the safety, efficacy, and longevity of MAT
in the young, athletic patient population.

Limitations

There are several limitations to our series. Our small
sample size and the broad range of concomitant knee
pathology within our cohort may limit the generaliz-
ability of our results. Unfortunately, it is inevitable
that this complex patient population has multiple and
varied knee comorbidities that require intervention at
the time of MAT. This limitation is found in much of the
recent literature surrounding complex knee recon-
struction.®*?#32 Qur study is also limited by relatively
short-texrm follow-up. This limitation raises the question
of whether degradation of outcomes will be seen with
time, as has been shown in other series.?*2%3¢ This
limitation is amplified by the lengthy rehabilitation often
needed in the athlete after MAT. Moreover, our study is
limjted by the lack of follow-up with either advanced
imaging or second-look arthroscopy. As a result, we are
unable to comment on the pathologic status of the
transplanted menisci in these cases and are able to
comment only on clinical symptoms and activity level.

Conclusions
In this small retrospective series, 77% of high school
and higher-level athletes with meniscal deficiency and
symptomatic post-meniscectomy syndrome returned to
their desired level of play after MAT. These athletes
also had significant improvements in most outcome
measures.
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