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Abstract

Purpose of Review Management of meniscal injuries in the elite athlete is a difficult problem secondary to the high demands
of athletic competition, the need for a timely return to sport, and the desire to maximize performance over time. The purpose
of this review is to provide an up-to-date summary on the current literature and trends regarding the management of meniscus
injuries with a special consideration for elite athletes.

Recent Findings Historically, partial meniscectomy has been the primary treatment option for meniscus injuries. However,
in recent years there has been an increased emphasis on meniscus preservation due to the increased risk of cartilage degen-
eration over time. Moreover, while partial meniscectomy still provides a quicker return to sport (RTS), recent literature has
demonstrated similar rates of RTS and return to pre-injury levels between partial meniscectomy and meniscus repair. In the
setting of symptomatic meniscal deficiency, meniscus allograft transplantation has become an increasingly utilized salvage
procedure with promising yet variable outcomes on the ability to withstand elite competition.

Summary Currently, there is no uniform approach to treating meniscal injuries in elite athletes. Therefore, an individual-
ized approach is required with consideration of the meniscus tear type, location, concomitant injuries, athlete expectations,
rehabilitation timeline, and desire to prevent or delay knee osteoarthritis. In athletes with anatomically repairable tears,
meniscus repair should be performed given the ability to restore native anatomy, provide high rates of RTS, and mitigate
long-term chondral damage. However, partial meniscectomy can be indicated for unrepairable tears.

Keywords Meniscus - Meniscus tears - Partial meniscectomy - Meniscus repair - Meniscus allograft transplantation - Elite
athlete
Introduction

The medial and lateral menisci are fibrocartilaginous semi-
lunar discs within the knee which transmit load, contribute

54 Erick M. Marigi to the congruity and stability of the tibiofemoral joint, and
marigi.erick@mayo.edu aid in joint proprioception and lubrication [1]. Compara-
Michael R. Davies tively, the medial meniscus maintains more capsular and
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Robert G. Marx it more susceptible to injury. However, injury to medial or
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Scott A. Rodeo individuals participating in high level athletic activities [1].
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tation, and the potential for a shortened or altered athletic
career. Furthermore, management of meniscus tears in this
patient population remains challenging as treatment must
account for the increased demands of the athlete as well as
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prevention of further degeneration of the knee joint. Treat-
ment for meniscus tears ranges from non-operative manage-
ment to surgical intervention. Non-operative management
may include activity modification, physical therapy, non-ste-
roidal anti-inflammatory analgesics, and joint injections. For
surgical management, several criteria should be considered
prior to operating. This includes assessment of the meniscus
tear pattern, size, location, concomitant injuries, and knee
stability as major factors for treatment success.

In elite sports, the surgeon’s responsibility to ensure
long-term knee health must be balanced against the consid-
erable pressure from athletes, coaches, and organizations to
return to play as soon as possible. This can complicate the
shared decision-making process and place physicians in a
challenging position when recommending certain treatment
options. In this review, we summarize the epidemiology and
management of meniscus tears in athletes, with a focus on
indications, treatment options ranging from non-operative
management, partial meniscectomy, meniscus repair, and
meniscus allograft transplantation, and clinical outcomes
including return-to-play.

Epidemiology of Meniscus Tears in Athletes

Large epidemiological studies of high school athletes and
military service members have provided valuable insight
into the prevalence of meniscus tears in these active popu-
lations. Mitchell et al. reviewed athletic exposure and injury
data in 1082 meniscus injuries occurring in high school ath-
letes over a 6-year period, demonstrating an overall injury
rate of 5.1 per 100,000 athletic exposures [4]. Sports with
the highest risk of meniscus injury were boys’ football,
girls’ soccer, girls’ basketball, and boys’ wrestling, with a
higher rate of injuries seen following player-player contact
compared to non-contact injury mechanisms [4]. Notably,
while boys’ football comprised 42.4% of all injuries, lead-
ing an overall higher injury rate in male athletes compared
to female athletes, there was a higher injury rate for females
compared to males in all gender-comparable sports [4].

In a study of 2969 meniscus tears among military service
members aged 18-51 that occurred over a 2-year surveil-
lance period, Tropf et al. reported that 52.1% involved an
isolated medial meniscus tear, 17.9% involved an isolated
lateral meniscus tear, 15.3% involved both menisci, and
30.3% of all tears occurred in the setting of a concomitant
ligamentous injury [5]. Additional studies have reported a
higher prevalence of medial meniscus tears relative to lateral
meniscus tears in athletes with a stable knee [6, 7]. However,
there are certain notable exceptions. Yeh. et al. performed
an epidemiologic study following basketball players in the
national basketball association (NBA) for 21 seasons. They
identified 129 isolated meniscus tears, of which 59.7%
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involved the lateral meniscus, and 40.3% involved the medial
meniscus, with an inverse relationship between player age
and rate of lateral versus medial meniscus tear [8]. Specifi-
cally, lateral meniscal tears were more likely to occur up to
30 years of age; medial meniscal tears were more common
in athletes above 30 years of age.

In the setting of acute anterior cruciate ligament (ACL)
injuries, lateral meniscus tears have also been found to be
more common than medial meniscus tears, which occur
more often in the chronically ACL-deficient knee [9, 10].
Among the most common variants of lateral meniscus tear
associated with acute ACL injuries is the posterior horn
lateral meniscal oblique radial tear (LMORT), which was
found to occur in 18% of patients who presented with acute
ACL tears in combination with meniscus injuries [11].

Partial Meniscectomy

The treatment of meniscus tears in athletes is dictated by
tear characteristics including location, tear pattern and size,
and athlete-specific factors. Non-operative treatment of
meniscus tears in athletes may be indicated for certain tear
patterns associated with a high rate of spontaneous healing
or a low rate of tear progression in conjunction with toler-
able symptoms. For the medial meniscus, this may include
degenerative tears of the posterior horn which are not asso-
ciated with pain on or mechanical symptoms of catching
or locking [12-14]. For the lateral meniscus, this includes
horizontal cleavage tears which are asymptomatic as well as
degenerative tears of the anterior horn [12, 15]. For sympto-
matic meniscus tears associated with an unstable, irreparable
flap, partial meniscectomy may be indicated.

The lateral meniscus is essential for increasing congru-
ity of the lateral tibiofemoral joint given the convex nature
of the lateral tibial plateau [1]. Small reductions in lateral
meniscal volume have been shown to result in significant
increases in lateral tibiofemoral contact forces in biome-
chanical studies [16—18]. In a study of eleven cadaveric
knees with horizontal cleavage tears of the lateral meniscus,
resection of the inferior leaflet of the torn meniscus resulted
in a 139% increase in contact pressures at 60 degrees of
flexion, which further increased to 155.5% with superior
leaflet resection [19]. In athletic populations, partial lateral
meniscectomy, compared to partial medial meniscectomy,
has been associated with a slower return to sport as well as
a higher rate of post-surgical complications, including rapid
chondrolysis of the lateral compartment of the knee [20-22].
Therefore, many authors recommend avoidance of partial
lateral meniscectomy whenever possible in athletes, and
reserving its use for highly symptomatic tears that are not
amenable to repair. Furthermore, meniscus resection should
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be limited to the minimum amount of tissue necessary to
achieve a stable surface.

With respect to return to play, a study of 90 professional
soccer players found an average return to play of 7 weeks
after lateral meniscectomy, with an overall rate of return to
preinjury level of competition that was 6 times lower than
that exhibited by players who underwent partial medial
meniscectomy [20]. Within the National Football League
(NFL), 61% of players who underwent a partial lateral
meniscectomy were able to return to play at the previous
level of competition. However, the average time to return
was a little longer at 8.5 months, but this was defined as the
first time a player played in a regular-season NFL game and
not time to being medically cleared [23]. In professional
baseball players, the overall rate of return-to-sport follow-
ing meniscectomy (medial or lateral) was 80%, with no dif-
ference in RTS between players who underwent lateral vs.
medial meniscectomy [24].

Compared to partial lateral meniscectomy, partial medial
meniscectomy has generally been well-tolerated in athletic
populations and may be considered for symptomatic longi-
tudinal tears which occur in regions of the meniscus with
poor vascularity, horizontal cleavage tears, or complex
tears associated with an unstable, irreparable fragment [12,
25e¢]. These displaced flaps can occasionally abut the deep
MCL in the medial gutter, inciting a painful inflammatory
response [26]. Anatomically, the medial compartment of
the knee exhibits greater bony congruity than the lateral
compartment, supplementing the role of the medial menis-
cus in maintaining joint contact pressures [27]. Similarly,
it has been demonstrated that partial medial meniscectomy
results in less severe changes in joint contact pressures com-
pared to lateral meniscectomy [16]. Nawabi et al. found that
professional soccer players returned to sport at an average
of 5 weeks following partial medial meniscectomy with
a significantly lower rate of adverse events (8% vs. 69%)
compared to players who underwent partial lateral menis-
cectomy [20].

Meniscus Repair

The meniscus plays a key role in the prevention or delay of
degenerative changes through chondroprotection, joint lubri-
cation, and joint stability [28, 29]. As a result, there has been
a shift towards meniscal preservation in both the general
and athletic population [11, 12, 25, 30ee, 31]. With respect
to meniscal repair, it is important to note that the tear mor-
phology, tear location, associated injuries, and type of sport
can influence the type of repair performed and outcomes of
surgery. For example, isolated meniscus injuries have tradi-
tionally had lower healing rates than meniscus tears asso-
ciated with anterior cruciate ligament reconstruction [32,

33]. Similarly, horizontal cleavage tears have frequently
been deemed irreparable with minimal healing capacity
and therefore have been managed with partial or complete
meniscectomy. However, Morris et al. demonstrated an 80%
satisfaction rate, 93.1% return to sport rate, and 11.4% reop-
eration rate which is comparable to other tear patterns [34].

Fundamentally, meniscus repair should include (1) ana-
tomic reduction, (2) biological stimulation, and (3) stable
suture repair with circumferential tear compression. Several
standard methods for meniscus repair can be used, including
inside-out (IO), outside-in, and all-inside (AI) arthroscopic
meniscus repairs. The IO technique consists of utilization of
an accessory posteromedial or posterolateral incision with
smaller diameter needles that allow for multiple sutures to
be passed through the meniscus and then externally tied to
the capsule [35]. This approach is suited for tears in the
posterior horn and mid-body of the meniscus. For reparable
tear patterns which predominantly involve the anterior horn
or middle of the meniscus, an outside-in (OI) approach may
also be considered. This technique was originally described
in 1985 as a way of avoiding injury to the peroneal nerve in
the setting of lateral meniscus repairs [36, 37]. It involves
the use of a small accessory incision positioned to minimize
the risk of neurovascular injury, through which 18-guage
spinal needles may be used to pass sutures from outside into
the joint, where they may then be retrieved and tied using a
variety of different techniques [38, 39]. When appropriately
indicated based on tear pattern and location, OI repairs have
demonstrated improvement in patient-reported outcomes and
a low failure rate [40].

The Al technique is a growing and evolving approach
that utilizes suture devices to arthroscopically repair the
meniscus to the capsule [41-43]. In the general population,
multiple meta-analyses have demonstrated no significant dif-
ferences in clinical outcomes and overall failure rates [35,
43, 44]. With respect to elite athletes, Borque et al. recently
reviewed a total of 192 meniscal repairs performed between
2013 and 2019 treated with either IO or Al techniques [30].
Over the study period they observed a 21% failure rate in
this athletic cohort, defined as needing subsequent surgery.
Furthermore, medial meniscus repairs (MMR) with the Al
technique failed at a significantly higher rate than IO MMR
(58% vs. 23%; P <.001) or lateral meniscus repairs (LMR)
with the 10 (14%) or AI (12%). Notably, there was no sta-
tistical difference between 10 or Al lateral meniscus repairs
(14% vs. 12%; P=.103).

While meniscus repair provides preservation of menis-
cal volume and restoration of normal cartilage contact
kinematics, it does require more extensive rehabilitation
and typically requires much longer time away from com-
petition. Eberbach et al. performed a systematic review of
28 studies with isolated meniscal repair, where they dem-
onstrated a 90% return to sport rate in mixed-level athletes
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and 86% in professionals at an average delay of 4.3 to
6.5 months [45]. Fried et al. performed a more recent
systematic review of 88 investigations focusing on return
to play and rehabilitation. These authors demonstrated a
high rate of return-to-play (range: 71.2-100%) follow-
ing meniscal repair with a majority of athletes returning
within 4—-6 months [46].

Understandably, athletes with concomitant anterior cruci-
ate ligament tears should expect a longer rehab with most
studies suggesting RTS at 9 to 12 months. While this delay
is limited by the ACL reconstruction, multiple investiga-
tions have noted improved rates of meniscal healing in the
setting of concomitant ACL surgery [33, 47-50]. This may
be due to a variety of factors such as a more formal, closed-
chain rehabilitation program or increased time away from
ballistic activity. Additionally, ACL reconstruction is known
to restore stability to the knee, thus decreasing the risk of
future translational injuries. This may subsequently result in
less stress to previously repaired meniscus tears and / or a
decreased risk of new meniscus trauma [33, 47-50].

Compared to meniscal repair, partial meniscectomy has
been performed in cases of nonviable meniscal tissue or
unfavorable healing potential and should be considered in
certain cases. In 2018 Ekhtiari et al. performed an analysis
of 725 athletes undergoing meniscectomy or meniscus repair
as both isolated or concomitant injuries [51]. They observed
similar rates of RTS (80.4% vs. 86.5%; P =.24) between
partial meniscectomy and meniscus repair but a shorter
pooled mean time to RTS in the partial meniscectomy
group (4.3 months vs. 7.6 months; P <.001). D’Ambrosi
et al. performed an updated systematic review involving
421 elite athletes with isolated meniscus injuries participat-
ing in wrestling, baseball, soccer, rugby or handball [25].
Similarly, they demonstrated comparable rates of return to
competitive sports (84.7% vs. 85.1%) and pre-injury activity
level (78.3% vs. 75.5%) for both partial meniscectomy and
meniscal repair, respectively. However, there was a shorter
mean time to RTS (35-50 days vs. 141 days and a lower
rate of revision surgery (3.7% vs. 17%) in partial meniscec-
tomy compared to meniscal repair. Notably, the authors also
observed an 83.3% rate of revision surgery for the lateral
meniscus after partial meniscectomy.

As such, meniscus repair should be considered whenever
technically possible, especially in the setting of a favorable
healing environment or concomitant injury. This is further
preferred if the athlete can tolerate the longer, but necessary,
postoperative recovery timeline or has concerns of future
cartilage degeneration. These benefits must be balanced with
the increased risk of revision surgery with meniscal repair
compared to partial meniscectomy, especially on the medial
side. During meniscus repair, the inside-out technique may
be advantageous compared to all-inside for certain medial
meniscus tear patterns given the lower failure rates observed
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in certain series, but both IO and Al techniques have compa-
rable ability to manage most tear patterns [30].

Meniscus Allograft Transplantation

In the meniscal-deficient knee, meniscus allograft transplan-
tation (MAT) has been demonstrated to help decrease the
elevated tibiofemoral contact pressures and reduce symp-
toms [52]. MAT is typically not a first-line modality for
management of the meniscal deficient knee. Extensive non-
operative measures such as activity modification, non-opioid
pharmacologic medications, judicious use of intermittent
injections, and bracing should be pursued first. General
indications for MAT includes persistent knee pain second-
ary to meniscal deficiency, and ideally minimal degenera-
tive changes in the involved compartment with Outerbridge
grade 2 or less. Full thickness-articular cartilage loss is typi-
cally a contraindication unless there is an isolated defect that
can be managed with a cartilage repair or restoration proce-
dure. Architectural remodeling (flattening of the subchondral
contour) and axial malalignment are also contraindications
to MAT. Chronologic age of less than 50 years has been
considered a cut-off age, but physiologic age and level of
activity are factors that should be considered rather than
solely chronologic age [53].

In athletes, the role of MAT is very limited. The authors
believe that MAT should be considered only when an ath-
lete can no longer perform or decides to retire from their
sport. Advanced chondral damage is frequently present in
chronic meniscal deficient patients and should be addressed
concomitantly for patients undergoing MAT. Prior to MAT,
selection of an allograft from an American Association of
Tissue Banks (AATB)-certified tissue bank is key to assure
quality and disease screening. Size-matching of the menis-
cus allograft is critically important. The meniscus allograft
should match the native meniscus as closely as possible to
positively affect knee joint load distribution. Multiple meth-
ods can be used to ensure appropriate sizing, ranging from
the radiographic Pollard Method, magnetic resonance imag-
ing (MRI), or 3 dimensional MRI [54]. Multiple surgical
techniques exist for implantation and fixation of a menis-
cus transplant, including all suture fixation or bone fixation
which can be accomplished using bone bridges or bone
plugs. Both soft tissue and bone fixation have demonstrated
similar clinical outcomes over time; however, graft fixation
with bone plugs or a bone bridge has been found to result
in less graft extrusion compared to soft tissue fixation alone
[55].

Clinical outcomes after MAT remain variable and are
influenced by the degree of associated chondral degenera-
tion, type of sport, and level of activity [56e]. In professional
athletes Marcaccieta et al. reported a 92% RTS rate at a mean
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on 10.3 months with 75% returning to the same preinjury
level among 12 professional soccer players [57]. Similarly,
Bonanzinga et al. reported a 100% RTS rate at 11.8 months
in 13 professional athletes (10 soccer, 1 basketball, 1 fencer,
and 1 wrestler) [58]. Grassi et al. performed a meta-analysis
of MAT where 77% of patients were able to return to any
form of sport or physical activity and 67% returned to the
same sport or physical activity with soccer, swimming, and
running as the most common activities [59]. These patients
also experienced a 23% reoperation rate at a mean follow-up
of 3.4 years but only 13% were graft-related complications.
Subsequently, Cvetanovich et al. demonstrated a 76% RTS
rate at a mean of 12.6 months after surgery. However, only
48% of patients were able to reach their preoperative level
of intensity. Most recently, Ahmed et al. assessed 14 stud-
ies published through 2020 where they found a wide range
of RTS between 20% and 91.7% and a mean time to return
ranging from 7.6 months to 16.9 months, postoperatively.
Notably, most studies (8 of 11) reported a substantial return
to the same level of sports (66.7% to 96.2%).

Despite some of the favorable findings in the literature,
the lack of higher-quality studies evaluating sports perfor-
mance and RTS following a MAT complicates the ability to
make global recommendations. Certain patients can undergo
meniscal transplantation and successfully return to daily
activities or “low impact” sports. However, there remains
considerable uncertainty regarding the ability of athletic
patients to fully return to their preinjury ability with ballistic
activities such as jumping, cutting, and pivoting. As such,
surgeons should remain cautious and treat each case on an
individual level. Clinicians should also counsel that a MAT
is an interim approach to joint preservation, that is currently
viewed as a “salvage” procedure aimed to make symptoms
tolerable. It should be discussed that progressive degenera-
tive change can accumulate in the tissue with time, possibly
necessitating further surgery in the future. Furthermore, the
time to RTS is likely longer when compared to a partial
meniscectomy or meniscus repair.

Conclusion

Management of meniscus injuries in the elite athlete
remains a complex process that needs to balance the
increased demands of athletic competition and the expec-
tation to return to play as soon as possible. Currently, there
is no standardized way to deal with meniscal tears, and
each case should consider the meniscus tear type, con-
comitant injuries, athlete expectations, timing during the
season, ability to rehabilitate, and desire to mitigate fur-
ther chondral degeneration. In general, repairable menis-
cus tears should be repaired given the potential to restore
native anatomy and provide similar rates of RTS. Repair

rather than removal is especially emphasized for the lateral
meniscus given the relatively higher healing potential, and
increased risk of chondrolysis or revision surgery follow-
ing partial lateral meniscectomy. When a rapid return to
competition is needed, partial meniscectomy can be con-
sidered, especially on the medial side, if the benefits of
an earlier return outweigh the potential risk of developing
knee osteoarthritis over the years. Finally, MAT remains a
“salvage” option for symptomatic meniscal deficient ath-
letes with unpredictability in the ability to RTS.
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