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clinically relevant anatomy and biomechanical principles
of the medial and lateral meniscus to guide surgeons in
evaluating and managing meniscal pathology.

Meniscus Anatomy

The medial meniscus measures approximately 45.7 mm in
length and 27.4 mm in width [1, 6]. Its width decreases from
posterior to anterior and has been reported to range from 12.6
to 17.4 mm in the posterior third, 9.3 to 12.2 mm in the middle
third, and 7.6 to 9.0 mm in the anterior third of the medial
meniscus [7, 8, 9••, 10]. The thickness of the medial meniscus
is relatively consistent from anterior to posterior and ranges
from 5.2 to 6.9 mm in thickness over the entire meniscus [4, 7,
10]. The medial meniscus can also be divided into five
anteroposterior zones (Fig. 1) [11–13]. This includes the an-
terior root attachment (zone 1), the anteromedial zone between
the posterior border of the anterior root and the anterior border
of the superficial medial collateral ligament (zone 2A and 2B),
the portion of the meniscus that is adjacent to the superficial
medial collateral ligament (zone 3), the posterior horn (zone
4), and the posterior root (zone 5). Of clinical note, zone 4 is
the most common location for meniscal tears and is the loca-
tion where meniscal repair is most commonly performed [4,
9••, 14, 15]. Anatomic studies have demonstrated that the
medial meniscus covers between 51 and 74% of the medial

tibial plateau surface area [2, 16, 17]. A study by Bloecker
et al. attempted to examine this property usingMRI and found
that the medial meniscus covered 50% of the medial tibial
plateau [18].

The lateral meniscus measures approximately 35.7 mm
in length and 29.3 mm in width [6]. Unlike the medial
meniscus, the width of the lateral meniscus is relatively
consistent across the entire structure for a given specimen
[4]. It has been reported to range from 9.8 to 12.0 mm in
the posterior third, 10.0 to 12.5 mm in the middle third, and
10.0 to 11.9 mm in the anterior third of the meniscus [7,
10, 19]. The lateral meniscus is thinner on the anterior
third, where it ranges from 3.8 to 4.73 mm in thickness
[7, 10, 19]. The thicker middle third and posterior third
range from 5.9 to 6.5 mm and 5.3 to 6.2 mm in thickness,
respectively [7, 10, 19]. The lateral meniscus can be clas-
sified into six zones based on anteroposterior location (Fig.
1) [13]. These include the anterior root (zone 1), the an-
terolateral zone between the anterior root and the anterior
border of the popliteal hiatus (zones 2A and 2B), the pop-
liteal hiatus (zone 3), the posteroinferior popliteomeniscal
fascicle (zone 4), the ligamentous zone (zone 5), and the
posterior root (zone 6). Anatomic studies have demonstrat-
ed that the lateral meniscus covers between 75 and 93% of
the lateral tibial plateau surface area [2, 16, 17]. The MRI
study by Bloecker et al. found that the lateral meniscus
covered 59% of the lateral tibial plateau [18].

Fig. 1 Medial and lateral
meniscus zones and relevant
anatomical relations. ACL,
anterior cruciate ligament; PCL,
posterior cruciate ligament
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Vascularization

The blood supply to the menisci is supplied by branches of the
medial inferior, lateral inferior, and middle geniculate arteries
that penetrate the knee joint capsule [51]. These branches
constitute a surrounding perimeniscal capillary plexus that
penetrate to a depth of 2–3 mm within the menisci, roughly
20–30% of the periphery of the medial meniscus, and 10–25%
of the periphery of the lateral meniscus [1, 3, 58].
Consequently, the remainder of the avascular central meniscus
receives nutrition through the diffusion of the synovial fluid
[51, 59]. Contrarily, the anterior and posterior meniscal roots
are supplied through endoligamentous vessels formed through
capillary loops [52, 56, 60••].

Two distinct vascular distributions supply the menisci.
Firstly, branches from the perimeniscal vascular plexus
penetrate the meniscal stroma in a radial fashion.
Penetration of the substance of the medial meniscus by
these radial branches ranges from 10 to 30% of the
meniscal width and is greater in the anterior horn and
midbody than in the posterior horn [60••, 61]. For the
lateral meniscus, radial vessels penetrate 10 to 25% of
the width of the stroma and show no significant difference
when comparing the anterior horn, midbody, and posterior
horn regions (Fig. 5) [60••, 61]. A second, distinct vascu-
lar synovial fringe extends on both the femoral and tibial
surfaces of the menisci [60••, 61, 62]. This fringe is pre-
dominantly in the anterior horns of the medial and lateral
menisci, where it covers up to 100% of the femoral sur-
face and up to 50% of the tibial surface [60••]. The vas-
cular fringe is also present in the posterior horns of the

medial and lateral menisci, albeit, to a lesser degree. It
covers up to 40% of both surfaces of the posterior horn
of the lateral meniscus and 25% of both surfaces of the
posterior horn of the medial meniscus [60••]. On the fem-
oral and tibial surfaces of the midbody of both medial and
lateral menisci, a 1 to 2 mm vascular fringe is present
[60••]. Of note, the region of the popliteal hiatus is devoid
of both penetrating radial vessels and devoid of a vascular
fringe [52, 60••, 61].

The relatively avascular nature of the meniscus has led to
the categorization of the red-red, red-white, and white-white
zone. The red-red zone represents the vascular peripheral re-
gion supplied directly by the perimeniscal capillary plexus and
includes thick ligamentous structures with attachments to the
joint capsule [1, 20]. The white-white central zone is avascular
and represents the thin, concave cartilaginous region of the
central menisci with unattached free edges. The red-white
intermediate zone is located between the red-red periphery
and white-white central region and has characteristics of these
other two zones [1]. This arrangement translates to the central
two-thirds to three quarters of the meniscus being essentially
avascular and receiving nutrition through diffusion from the
synovial fluid [60••, 63].

It has been reported that meniscal tears will have dif-
ferent healing potential according to the involved vascular
zone [52, 61, 64]. Tears in the red-red and, to some ex-
tent, the red-white zones are recognized as having an ac-
ceptable healing potential, so repair is frequently indicat-
ed. In contrast, tears in the white-white zone were tradi-
tionally thought to have poor healing potential and thus
were not normally considered amenable to being repaired

Fig. 5 Superior view of microvascular anatomy of the menisci on India
ink vascular injection. The peripheral 10 to 30% of the medial meniscus
and the peripheral 10–25% of the lateral meniscus are perfused—with

interrupted perfusion on the popliteal hiatus. Figure adapted from
Evidence Based Management of Complex Knee Injuries [4]
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The blood supply begins to decrease from as early as the second year of life. 
By the second decade of life, the peripheral 10 to 30% of the medial meniscus
and the peripheral 10–25% of the lateral meniscus are perfused (1/3), 
decreasing to the peripheral quarter by age 50 



MENISCAL + ACL TEARS

- Meniscal injuries have been reported to occur in between
41 and 82% of ACL injuries with increased incidence noted with  
participation in contact sports

- Both medial and lateral meniscal pathology is frequently found in 
elite athletes with ACL tears

Bellabarba C, Bush-Joseph C, Bach B (1997) 
Patterns of meniscal injury in the anterior cruciate-deficient knee: 

a review of the literature. Am J Orthop 26:18–23 

Praz C, Vieira TD, Saithna A, Rosentiel N, Kandhari V, Nogueira H, Sonnery-Cottet B (2019) 
Risk factors for lateral meniscus posterior root tears in the anterior cruciate ligament-injured knee: an 
epidemiological analysis of 3956 patients from the SANTI Study Group. Am J Sports Med 47:598–605 



MENISCAL + ACL TEARS

- Meniscal repair is more likely to be successful when
combined with an ACL reconstruction than when performed
in isolation

- Medial menisco-capsular separations (ramp lesions) and lateral meniscus
posterior root tears are specific pattern in 30% of ACL tears

- Repair of a meniscus tear in the setting of an ACL injury should be the first
choice knowing the importance of the menisci as secondary stabilisers for the
ACL thereby providing support for the ACL graft and restoring stability

Minami T, Muneta T, Sekiya I, Watanabe T, Mochizuki T, Horie M, Katagiri H, Otabe K, Ohara T, Katakura M, Koga H (2018) Lateral meniscus
posterior root tear contributes to anterolateral rotaEonal instability and meniscus extrusion in anterior cruciate ligament-injured paEents. Knee
Surg Sport Traumatol Arthrosc 26:1174–1181 
Mouton C, Magosch A, Pape D, Hoffmann A, Nührenbörger C, Seil R (2020) Ramp lesions of the medial meniscus are associated with a higher
grade of dynamic rotatory laxity in ACL-injured paEents in comparison to paEents with an isolated injury. Knee Surg Sport Traumatol Arthrosc
28:1023–1028 

Attachments to the Posterior Horn
of the Lateral Meniscus

An understanding of the anatomy of the lateral meniscal at-
tachments is critical as tears to the posterior horn of the lateral
meniscus are challenging to manage due to its inherent in-
creased mobility [37•]. The lateral meniscotibial ligament
has a length of 12.8 ± 3.9 mm [37•]. It is thinner and more
elastic relative to the medial side, and it also lacks the discrete
thickenings seen on the medial meniscotibial ligament [4]. It is
also absent throughout the popliteal hiatus [37•, 38, 39]. These
properties make the lateral meniscus inherently more mobile
than the medial meniscus. The posterolateral capsule attach-
ment attaches to 11% of the total height of the posterior horn
of the lateral meniscus and is 7.6 ± 2.5 mm superior to the
tibial articular cartilage margin [37•]. The superior aspect of
the popliteal hiatus has an average length of 12.1 ± 2.5 mm

with its center beginning 33.6 ± 3.7 mm from the center of the
lateral meniscal posterior root [37•]. The inferior aspect of the
popliteal hiatus has a curved length of 36.9 ± 6.0 mm and
begins 22.8 ± 4.2 mm from the center of the lateral meniscal
posterior root [37•].

Additional attachments to the lateral meniscus include the
popliteomeniscal fascicles, the meniscofibular ligament, and
the meniscofemoral ligament. The popliteomeniscal fascicles
are stout attachments from the popliteal tendon that insert onto
the lateral meniscus [37•]. There are three popliteomeniscal
fascicles: anteroinferior, posterosuperior, and posteroinferior
[37•, 38–42]. The anteroinferior fascicle was 8.0 ± 1.9 mm
long and attaches 4.6 ± 2.3 mm superior to the tibial articular
cartilage margin [37•]. The posterosuperior fascicle was 6.5 ±
1.5 mm long and attaches 6.2 ± 1.9 mm superior to the tibial
articular cartilage margin [37•]. The posteroinferior fascicle
courses from the inferior margin of the lateral meniscus to

Fig. 4 Cadaveric right knee specimen with a representation of a disrupted
meniscotibial ligament at the posterior horn of the medial meniscus—or
ramp lesion (A). Modified Guilquist arthroscopic view of a left knee ramp
lesion (B), sutured with an all-inside all-suture technique via

instrumentation through the posteromedial portal (C and D). MM,
medial meniscus; MTL, meniscotibial ligament; MMPH, medial
meniscus posterior horn; MFC, medial femoral condyle; PM,
posteromedial
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LATERAL VS MEDIAL MENISCUS

In athletes, lateral meniscectomies, compared to medial, have
been shown to have increased post-operative effusions and
missed game time, lower return to play rates, and are more
career shortening even than ACL injuries –

Why?
- 200–300% increase contact stresses after lateral meniscectomy
- 100% increase contact stresses after medial meniscectomy

Nawabi DH, Cro S, Hamid IP, Williams A (2014) Return to play after lateral meniscectomy compared with 
medial meniscectomy in elite professional soccer players. Am J Sports Med 42:2193–2198 
Aune KT, Andrews JR, Dugas JR, Cain EL (2014) Return to play after partial lateral meniscectomy in national 
football league ath- letes. Am J Sports Med 42:1865–1872 
Brophy RH, Lyman S, Chehab EL, Barnes RP, Rodeo SA, Warren RF (2009) Predictive value of prior injury on 
career in professional American football is affected by player position. Am J Sports Med 37:768–775 



- 42 elite athletes, 45 meniscal repairs (in-out)
- 83% had ACL reconstruction at the same time
- Mean age 23.2 years (range, 15-38 years). 
- 67% medial meniscus, and 33% were of the lateral meniscus
- 3 patients had both medial and lateral menisci repaired simultaneously. 
- Mean follow-up was 8.5 years

Results: 
- 81% of patients returned to their main sport and most to a similar level at a mean time of 10.4  
months after repair (+ACL)

- 11 definite failures, 10 medial and 1 lateral meniscus, that required excision; 
- Age and size and location of the tears were not associated with a higher failure rate

- Medial meniscal repairs were significantly more likely to fail than lateral meniscal repairs, 
with a failure rate of 36.4% and 5.6%, respectively (P < .05). 
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Background: The preservation of meniscal tissue is important to protect joint surfaces.

Purpose: We have an aggressive approach to meniscal repair, including repairing tears other than those classically suited to 
repair. Here we present the medium- to long-term outcome of meniscal repair (inside-out) in elite athletes.

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

Methods: Forty-two elite athletes underwent 45 meniscal repairs. All repairs were performed using an arthroscopically assisted 
inside-out technique. Eighty-three percent of these athletes had ACL reconstruction at the same time. Patients returned a com-
pleted questionnaire (including Lysholm and International Knee Documentation Committee [IKDC] scores). Mean follow-up was 
8.5 years. Failure was defined by patients developing symptoms of joint line pain and/or locking or swelling requiring repeat 
arthroscopy and partial meniscectomy.

Results: The average Lysholm and subjective IKDC scores were 89.6 and 85.4, respectively. Eighty-one percent of patients 
returned to their main sport and most to a similar level at a mean time of 10.4 months after repair, reflecting the high level of ACL 
reconstruction in this group. We identified 11 definite failures, 10 medial and 1 lateral meniscus, that required excision; this rep-
resents a 24% failure rate. We identified 1 further patient who had possible failed repairs, giving a worst-case failure rate of 
26.7% at a mean of 42 months after surgery. However, 7 of these failures were associated with a further injury. Therefore, the 
atraumatic failure rate was 11%. Age and size and location of the tears were not associated with a higher failure rate. Medial 
meniscal repairs were significantly more likely to fail than lateral meniscal repairs, with a failure rate of 36.4% and 5.6%, respec-
tively (P < .05).

Conclusion: Meniscal repair and healing are possible, and most elite athletes can return to their preinjury level of activity.

Keywords: meniscal repair; elite athlete; inside-out; long-term follow-up

medium- to long-term outcome of meniscal repair (inside-
out technique only) in elite athletes.

MATERIALS AND METHODS

Forty-two elite athletes who underwent 45 meniscal 
repairs between January 1990 and July 1997 were identi-
fied from a prospective database. The definition of elite 
encompasses professional and semiprofessional athletes 
and amateurs competing at the state, national, or interna-
tional level.

Surgical Technique

All types of meniscal tears including bucket-handle, radial, 
and complex tears were considered for repair if possible. 
Transverse and degenerate tears were not repaired. Before 
the sutures were passed, the torn meniscal edges were 

Meniscectomy has been well documented to lead to prema-
ture osteoarthrosis.9 In an attempt to preserve meniscal 
tissue, we have an aggressive approach to meniscal repair, 
particularly in the young, active population. There are 
many techniques described for meniscal repair, with the 
inside-out technique remaining the standard in terms of 
outcome with up to 90% success rates reported.3,8 Elite 
athletes represent the subgroup of patients who place the 
most demand on the menisci and, as a result, place maxi-
mum stress on any meniscal repair. Here we present the 
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MEDIAL MENISCUS TEARS

- Most medial meniscectomies are tolerated well, at least in the
short and medium term, by elite athletes

- Average return to play of 5 weeks in a cohort of professional
soccer players undergoing medial meniscectomy, with low rates of
effusion in the following year

- Positive short-term outcome but development of medial
osteoarthritis, although this usually develops after sports career

Lysholm J, Gillquist J (1983) Arthroscopic meniscectomy in ath- letes. Am J Sports Med 11:436–438
Nawabi DH, Cro S, Hamid IP, Williams A (2014) Return to play aeer lateral meniscectomy compared with 
medial meniscectomy in elite professional soccer players. Am J Sports Med 42:2193–2198 
Stein T, Mehling AP, Welsch F, Von Eisenhart-Rothe R, Jäger A (2010) Long-term outcome aeer arthroscopic
meniscal repair versus arthroscopic parEal meniscectomy for traumaEc meniscal tears. Am J Sports Med
38:1542–1548  



- Isolated longitudinal tears in elite athletes, including bucket handle
tears, of the medial meniscus present the most difficult treatment
decisions for clinicians involved in managing athletes

- partial medial meniscectomy leads to predictable and reliable high
return to play (RTP) rates

- professional footballers, it was shown to lead to 100% return to
play at an average of 5 weeks post-operatively, with no re-
operations in 48 cases

- medial meniscal repair: higher rate of re-operation and failure in
the short term as compared to lateral meniscal repair

Medial Meniscus: longitudinal tears 

Nawabi DH, Cro S, Hamid IP, Williams A (2014) Return to play after lateral meniscectomy compared with medial 
meniscectomy in elite professional soccer players. Am J Sports Med 42:2193–2198 



- In great contrast with athletes who have undergone lateral
meniscectomy, it is very rare for a player to retire prematurely due 
to the arthritic consequences of medial meniscectomy

- Repair and meniscectomy is how far the tear is from the periphery:
- Repairs of tears more than 4 mm from the periphery have shown higher rates 
of failure

- Repairs less than 2 mm from the periphery have shown increased healing
potential

The decision to perform a meniscectomy versus repair must be made 
in combination with the athlete and staff (recovery, career, future)

Medial Meniscus: longitudinal tears 



V.M., F. 24 y, professional football player
ACL reconstruction 1 y before
Medial bucket handle tears (less than 2 mm from periphery)



Intraoperative view



3 m follow up

Return to play after 4 months



6 m follow up



After 18 m new medial meniscus tear: meniscectomy
MRI after surgery



• posterior third to half of the medial meniscus
• poor healing potential
• incidental findings on an MRI
• injection of hyaluronic acid (HA) and/or platelet-rich plasma (PRP) are 

considered as well if there is an effusion present during the training

Medial Meniscus: degenerative tears 

Indication: NO SURGERY
Surgery is only considered after failure of non-
operative measures
• Resection of as little tissue as possible:
• Horizontal tear (the most common pattern noted in 

athletes): only the inferior leaf must be resected



- Are uncommon but, untreated, can be devastating injuries in athletes
- Medial meniscus posterior root repair restores the competence of the 

medial meniscus by addressing meniscal extrusion and should be 
attempted in all cases, even in the presence of established chondral
damage

Medial Meniscus: posterior root tears 



- Are always repaired, even if involving degenerative tissue

- A variant of the longitudinal tear is a peripheral separation of 
the meniscus from its attachments to the capsule in the region
of the popliteus tendon hiatus that give a  ‘hypermobile lateral
meniscus’ with intermittent true locking

Indication: REPAIR

Lateral Meniscus: Longitudinal tears 



- this is most commonly seen in soccer players and are most
commonly associated with an ACL rupture

- a devastating de-functioning of the lateral meniscus, akin to 
total/sub-total lateral meniscectomy

Indication: REPAIR

REHAB program: restrict indication according to weight 
bearing and flexion

Lateral Meniscus: Radial tears



- fissuring of the anterior horn of the lateral meniscus occurs so 
frequently that it should be viewed as ‘normal’ in the running 
athlete and only rarely needs surgical intervention

- anterior root which can irritate the fat pad in extension

Indication: NO SURGERY usually
- injection with steroid on fat pad
- surgery only if residual pain (remove and/or stabilize)

Lateral Meniscus: Anterior horn



- most common degenerative tears seen in elite athletes, often
asymptomatic

- If symptoms are present, they frequently relate to an associated
cyst irritating the iliotibial band rather than the tear itself

Indication: NO SURGERY usually
- injection the cyst with steroid or PRP and needeling
- If pain persistent surgery: debridement, repair or 
inferior leaf should be removed

Lateral Meniscus: Horizontal (cleavage tears)/lateral
meniscal cysts



- Always occur with ACL ruptures and are more common in 
injuries sustained playing contact sports

Indication: REPAIR at the same time when undertaking ACL 
reconstruction

Lateral Meniscus: Posterior root tear



«Not all meniscus tears require intervention: the majority of 
meniscal tears seen on athletes’ MRI scans are innocent, and 
knees with such tears can only be made worse with surgery» 
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Abstract
Meniscal injuries in elite athletes are a common cause of missed game time and even have the potential to be career shorten-
ing. In this patient group, care must be paid not only to the pathology, but also to a player’s contract status, time in the season, 
specific demands of his/her sport and position on the field, and future consequences. Successful treatment requires the clini-
cian to understand the player’s goals and needs, communicate effectively between all stakeholders, and a have knowledge 
of the challenges posed by the different types of meniscal tear seen in this population. Paramount is the distinction between 
injuries to the medial and lateral meniscus. Deficiency of the lateral meniscus, as a result of a tear or a meniscectomy, leads to 
frequent early problems and inexorably to chondral degeneration thereby affecting an athlete’s ability to perform. Therefore, 
it is strongly recommended to repair the majority of lateral meniscal tears. Medial meniscal tears pose a more challenging 
treatment dilemma, as the success of partial meniscectomy in achieving reproducible, early return to play must be balanced 
against the long-term degenerative consequences. Many meniscal tears are correctly treated non-operatively.
Level of evidence V.

Keywords Medial meniscus · Lateral meniscus · Meniscal tear · Meniscal root tear · Meniscal repair

Introduction

Meniscal injuries are a common cause of missed game time 
in elite athletes [22, 28, 62] and can be career shortening 
[16, 17]. While the incidence of meniscal injuries varies 
amongst sports [9], treatment goals remain the same: achiev-
ing the quickest safe return to play while protecting the long-
term health of the joint. In the setting of elite sport, these 
short-term and long-term goals sometimes lead to conflicts 
in decision-making [94].

Historically, meniscectomy has been the treatment of 
choice for isolated meniscal tears in elite athletes, with 
repairs reserved for tears with concomitant ligament inju-
ries [35, 51, 72]. In an effort to avoid a potential second 

operation, meniscectomy has led to reliable return to play 
[51, 62]. With growing evidence of the potential short- and 
long-term negative effects of meniscectomy [8, 17, 62], 
especially of the lateral meniscus, treatment is currently 
evolving to include more meniscal repairs [1, 11, 82].

In elite sport, the understandable pressure to return to 
play as early as possible from athletes, their families, and 
their coaches has to be balanced against the duty of a sur-
geon to optimise long-term knee health. This can put a clini-
cian in an unenviable position when they realise there are 
future bad consequences of treatment choices made for only 
short-term gain. Such decisions are often difficult, but are 
aided by knowledge of the published literature, from which 
certain helpful themes are increasingly clear. This review 
aims to provide a detailed approach to the most common 
types of meniscus tears seen in athletes.
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- Repair all the meniscal tear if ACL 

reconstruction is associated

- Lateral meniscal tear must be repaired 

- Recovery times are time/lesion specific

- Career is more important than the future of 

the knee 

CONCLUSIONS

M, 26 y


