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Abstract: The menisci are two semilunar-shaped fibrocartilagenous structures, which are inter-

posed between the femoral condyles and tibial plateaux. They have an important role in knee 

function. Long-term follow-up studies showed that virtually all meniscectomized knees develop 

arthritic changes with time. The meniscus has functions in load bearing, load transmission, shock 

absorption, joint stability, joint lubrication, and joint congruity. Because of these functions, 

meniscal tissue should be preserved whenever possible. A well-trained surgeon can safely rely 

on clinical examination for diagnosing meniscal injuries. History and clinical examination are at 

least as accurate as magnetic resonance imaging in the skilled orthopedic surgeon’s hand. When 

meniscal repair is not possible, partial resection of the meniscus is indicated. Meniscal repair 

has evolved from open to arthroscopic techniques, which include the inside-out and outside-in 

suture repairs and the all-inside techniques. Meniscal transplantation is generally accepted as 

a management alternative option for selected symptomatic patients with previous complete or 

near-complete meniscectomy.
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Introduction
Anatomy
The menisci are two semilunar-shaped fibrocartilagenous structures, which are 

interposed between the femoral condyles and tibial plateaux.1 Menisci are composed by 

a tridimensional complex containing water, collagen (mainly type I), and proteoglycans. 

Their unique anatomy is comprised of circumferentially oriented collagen fibers which 

provide resistance to hoop stresses and radially oriented fibers which resist shear forces.2 

The lateral meniscus is C-shaped with a short distance between its anterior and posterior 

horns. The medial meniscus is U-shaped with larger separation of the two horns. The 

menisci cross-sectional area is triangular, with the tapered edge directed centrally.

The diameter of the menisci measure about 35 mm and are fixed to the joint 

capsule by their convex-shaped peripheral margin, which has a length of 110 mm.3 The 

anterior and posterior meniscal horns are firmly attached to bone through insertional 

ligaments. In each meniscus it is possible to identify a meniscal body (including the 

horns), the anterior and posterior insertional ligaments and their attachment to bone, 

called meniscal entheses.

While at birth the whole meniscus is vascularized,4 it is mostly avascular in adults. 

After the second decade only the peripheral margin is vascularized, with a limited 

blood supply arising from a perimeniscal capillary plexus.5
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The load distributing function of the menisci is largely 

determined by the attachment to bone at the anterior and 

posterior enthuses.6,7 The medial meniscus inserts to the 

tibial plateau at the anterior intercondylar fossa about 

6–7 mm anterior to the anterior cruciate ligament insertion by 

means of a flat fan-shaped structure, the anterior insertional 

ligament.8,9

The posterior insertional ligament of the medial meniscus 

attaches to the posterior intercondylar fossa of the tibia 

between the posterior enthesis of the lateral meniscus and 

the tibial insertion of the posterior cruciate ligament. The 

anterior insertional ligament of the lateral meniscus attaches 

to the anterior intercondylar fossa of the tibia, anterior to 

the lateral intercondylar tuberulum, just behind the tibial 

enthesis of the anterior cruciate ligament, and some of its 

fibres blend with those of the anterior cruciate ligament. The 

posterior insertional ligament of the lateral meniscus attaches 

to the tibia posterior to the lateral intercondylar eminence 

anteriorly to the posterior enthesis of the medial meniscus. 

The anterior fibres of the posterior insertional ligament of 

the lateral meniscus insert into the intercondylar fossa (area 

intercondylaris) of the medial femoral condyle anterior to 

the origin of posterior cruciate ligament forming the anterior 

meniscofemoral ligament.9–11

In a morphological cadaveric study concerning location, 

shape, and size of the meniscal insertions to bone, 92 knee 

joints were dissected and the anterior transverse ligament, 

which connects the anterior horns of the medial and 

lateral menisci, was found in 63 of the specimens (69%).9 

In the same study, the posterior meniscofemoral ligament 

(Wrisberg) was found in 70 of the knees (76%), and the 

anterior meniscofemoral ligament (Humphrey) was found 

in 34 (37%).9

Function
Menisci have an important role in knee function.12 Long-term 

follow-up studies showed that virtually all meniscectomized 

knees develop arthritic changes with time.13–16

Moreover, the severity of these changes seems to be pro-

portional to the amount of meniscus removed. The main func-

tions of the menisci are tibiofemoral load transmission, shock 

absorption, lubrication of the knee joint,17–21 and congruity 

improvement between the femoral and tibial articular surfaces 

in all knee flexion and rotation angles, since the menisci fol-

low the motion of the opposing joint surfaces.1,22 30%–55% 

of the load in a standing position is transmitted by the knee 

menisci.19 Meniscectomy may determine decrease in con-

tact area up to 50%–70%. The resulting increase in contact 

stresses on the tibial plateau are regarded as the main reason 

for the frequent bone and cartilage changes found after 

meniscectomy.1,23

The stress distribution on a smaller area causes an increase 

in the trabecular bone density in the proximal tibia, eventually 

leading to joint degeneration. The load distributing function 

of the menisci is possible as a result of their strong attachment 

to the bone through the anterior and the posterior entheses, 

which prevent the menisci from extruding from the joint 

during axial loading.1 Menisci contribute significantly to joint 

lubrication because of their high water content, amounting to 

74% of the total weight of the meniscus. Compression forces 

squeeze the liquid out into the joint space, allowing smoother 

gliding of the joint surfaces. The menisci act as secondary 

soft tissue restraints preventing anterior tibial displacement 

and contributing to the stability of the knee.1,24–26

Epidemiology
The mean annual incidence of meniscal tears is about 

60–70 per 100,000,27,28 with a male to female ratio ranging 

from 2.5:1 to 4:1. Meniscal pathology in younger patients 

are likely to be consequent to an acute traumatic event, 

while degenerative changes are more frequent at an older 

age.29 More than one third of all meniscal tears are associ-

ated with an anterior cruciate ligament injury,30 with a peak 

incidence in men aged 21–30 years and in girls and women 

aged 11–20 years. On the other hand, degenerative types of 

meniscal tears commonly occur in men aged between 40 

and 60 years.

Diagnosis
A well-trained surgeon can safely rely on clinical examination 

for diagnosing meniscal injuries. History and clinical 

examination are at least as accurate as magnetic resonance 

imaging (MRI) in the skilled orthopedic surgeon’s hand.31 

MRI should be reserved for more complicated and confus-

ing cases. The routine ordering of an MRI scan of the knee 

before examination by a well-trained orthopedic surgeon is 

not recommended.31 Arthroscopy is the gold standard for the 

diagnosis of meniscal tears.

History
History is the first diagnostic tool for meniscal tears.12 

A suspected intra-articular knee lesion must first be fully 

evaluated by history and physical examination to define 

the correct indication and avoid unnecessary imaging 

investigations. The essential first step in the approach to 

the patient with knee pain is to understand the type of 
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complained pain. A detailed description of the injury mecha-

nisms and symptoms usually allows physicians to establish a 

diagnosis. Common mechanisms of meniscal tears in sport 

are noncontact injuries, resulting while cutting, decelerating, 

or landing from a jump.12

As meniscal degeneration occurs with increasing age, 

moderate injuries may cause meniscal tears, and often 

patients are not able to remember the exact injury causing 

the tear. Usually patients complain of popping, catching, 

locking, or buckling along with joint line pain. These 

symptoms are suggestive of meniscal tear but are somewhat 

nonspecific. Mild synovitis, with swelling for several days 

after injury may result from meniscal tears. ACL tear are 

commonly associated with meniscal tears.32–36 The patient 

usually recalls hearing or feeling a pop at the moment of 

injury.12

Physical examination
The physical examination must be carried out thoroughly 

and methodically. Patients with medial meniscal injuries 

complain of pain in the medial aspect of the knee. McMurray 

test, Apley grind test, and the bounce home test are positive 

in medial meniscopathy.

McMurray test
The patient lies supine, the knee is fully flexed. The surgeon 

grasps the heel. The leg is rotated on the thigh with the 

knee in full flexion. The leg is flexed to 90° while the foot 

is maintained first in full internal rotation and then rotated 

in full external rotation. In patients with a torn meniscus, a 

click occurs and the patient complains of pain.

Apley grind test
With the patient lying prone, the surgeon grasps the foot, 

rotates it externally as far as possible, and flexes the knee to 

90°. The foot is the rotated internally, and knee is extended. 

The surgeon then applies his left knee to the back of the 

patient’s thigh. The tibia is then compressed onto the knee 

joint while being externally rotated. If addition of compres-

sion produces an increase in pain, this grinding test is posi-

tive, and meniscal damage is diagnosed.

Bounce home test
With the patient lying supine, the surgeon grasps the foot, 

flexes completely the knee. The knee is then passively allowed 

to extend. The knee should extend completely or bounce 

home into extension with a sharp endpoint. A positive test 

occurs when full extension cannot be attained.

Imaging
Radiography
Radiographs of the knee exclude bony pathologies, and 

assess the concomitant presence of arthropatic changes. 

In the presence of knee arthritis, standing weight-bearing 

radiographs show reduction of the medial joint space width, 

osteophytes, subchondral bone cysts, and sclerosis. These 

radiographic changes are related to various abnormalities 

including cartilage loss and meniscal subluxation or extrusion 

from the joint line.

MRI
MRI is highly accurate in diagnosing meniscal and anterior 

cruciate ligament (ACL) tears. It is the most appropriate 

screening tool before therapeutic arthroscopy. It is preferable 

to diagnostic arthroscopy in most patients because it avoids 

the surgical risks of arthroscopy.37,38 The results of MRI 

differ for medial and lateral meniscus and ACL, with only 

85% accuracy.39,40

The essential characteristics of meniscal tears, such as, 

location, shape, length, and depth can be revealed by MRI 

scan.41 The normal meniscus has low signal on all MR 

imaging sequences. On sagittal MR images, the anterior and 

posterior horns of the lateral meniscus are nearly equal in 

size, whereas the posterior horn of the medial meniscus is 

larger than the anterior horn.

A meniscal tear in a knee without prior meniscal surgery 

can be seen as either an area of abnormal signal within 

the meniscus, or abnormal morphology of the meniscus 

(Figure 1).42 If the abnormal signal extends to the articular 

surface on two or more images, the sensitivity for a meniscal 

tear increases from 56%–94% medially and from 30%–90% 

laterally.42 The sagittal plane is very helpful to evaluate 

meniscal pathology. The coronal imaging plane improves 

the detection and characterization of radial, bucket-handle, 

horizontal, and displaced tears of the meniscal body, and 

the axial plane helps to diagnose radial, vertical, complex, 

displaced, and lateral meniscal tears.39

Meniscal subluxations are defined as protrusions over 

the edge of the tibial plateau seen at the level of the body of 

the meniscus.43,44

Spin-echo or fast spin-echo (FSE) proton density with or 

without fat saturation, T1, and gradient echo (GRE) are the 

most commonly used sequences.45

Sensitivity and specificity of MR imaging are 93% 

and 88% respectively for medial meniscal tears, and 

79% and 95% respectively for lateral meniscal tears.46 

Used sequences, observer variation, and sample size 
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can determine the differences in sensitivity and specific-

ity.47,48 Regardless of the technique used, the sensitivity 

for detecting meniscal tears usually is higher in the medial 

meniscus.37

Classification
Meniscal tear patterns include vertical tears (longitudinal 

and radial), oblique, complex (or degenerative),49,50 and 

horizontal (Figure 2).29,51 Oblique and vertical longitudinal 

tears represent 81% of meniscal tears.51 Degenerative complex 

tears are more frequent with increasing age, and most meniscal 

pathology is found in the posterior horns.

Vertical longitudinal tears are parallel to the long axis of 

the meniscus, between the circumferential collagen fibers 

and perpendicular to the tibial plateau.52,53 Vertical longitu-

dinal tears can be complete or incomplete. Complete tears, 

also known as “bucket handle tears”, usually originate in 

the posterior horn varying in length, involving up to the 

two thirds of the meniscus. These tears, more commonly 

affecting the medial meniscus, are often unstable and can 

cause mechanical symptoms or true locking of the knee. 

Incomplete tears also interest the posterior horn, both on 

the superior and on the inferior surfaces of the menisci. 

Symptoms may or may not be present.

A vertical radial tear is perpendicular to the long axis of 

the meniscus and to the tibial plateau,47,53–56 sectioning the 

circumferential collagen fibers. These tears are usually found 

at the junction between the posterior and the middle third of 

the medial meniscus or near the posterior insertion of the 

lateral meniscus. Vertical radial tears affect the ability of 

the menisci to transmit the tibiofemoral load and the contact 

stresses associated with weight-bearing. Usually these tears 

are not repairable,57 and meniscal debridement is unlikely 

to restore meniscal complete function, allowing the contact 

between articular cartilage surfaces and leading to accelerated 

degenerative changes.45,54–58 As a consequence, a severe effect 

on the function of the meniscus can be determined even by 

a small radial tear.57,59

Figure 1 A) Coronal and B) Sagittal magnetic resonance imaging view of a medial meniscal tear in a knee without prior meniscal surgery.
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Horizontal tears extend parallel to the tibial plateau, 

splitting the meniscus into an upper and a lower part,52,53 

perforating collagen fiber bundles.

These tears seem to originate near the inner rim of the 

meniscus and extend towards the capsule, as the result of 

shear forces generated by axial compression. Their frequency 

increases with age. Horizontal tears are often associated with 

meniscal cysts and can lead to localized swelling.

Oblique tears, often called meniscal flap, can occur at 

any location but are more likely to be found between the 

posterior and middle third of the meniscus. Flap catching in 

the joint can cause symptoms and propagation of the tear by 

the generation of traction on the meniscocapsular junction. 

Complex or degenerative tears include two or more tear 

patterns, occurring more frequently in the posterior horn 

and midbody. These tears are more common in patients aged 

over 40 years, often in association with degenerative changes 

of articular cartilage, and represent part of the pathology of 

degenerative arthritis.60

Management
The meniscus has functions in load bearing, load transmission, 

shock absorption, joint stability, joint lubrication, and joint 

congruity.61 Because of these functions, meniscal tissue 

should be preserved whenever possible.62

Total meniscectomy
Nowadays, total meniscectomy is not a common procedure. 

However, previously it was a popular procedure, and short 

term outcome results of this technique were regarded as 

excellent. In 1948, Fairbank first13 described the potential 

damaging effects of total meniscectomy. The long-term 

results of total meniscectomy showed unfavorable long-term 

outcome results.

Partial meniscectomy
When meniscal repair is not possible, partial resection of 

the meniscus is indicated (Figure 3). To avoid the long-term 

consequences of total meniscectomy, general guidelines have 

been published.51 However, these guidelines have not been 

tested in a systematic manner, and are to be regarded at best 

as expert opinion.

A number of studies reported 80%–90% satisfactory 

clinical results after arthroscopic partial meniscectomy at 

short-term follow-up (,2 years). However, several long-term 

studies have questioned whether partial meniscectomy is a 

benign procedure. Osteoarthritic radiographic changes can 

occur in 53% of knees that undergo partial meniscectomy 

compared with 27% of the untreated contralateral knees at 

8-year follow-up.63

Repair
Meniscal repair has evolved from open to arthroscopic 

techniques, which include the inside-out and outside-in 

suture repairs and the all-inside techniques.64 Inside-out and 

outside-in techniques involve a mini-incision and securing 

the meniscus to capsule with suture. The all-inside technique 

include several options, including arthroscopic suture tying 

and absorbable fixation devices with names as arrow, 

fastener, dart, and staple.65–70

A B C

Figure 2 Schematic drawing, showing A) longitudinal B) radial, and C) complex meniscal tear.
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According to the literature, no given type of implant is 

clinically superior to another.71 Sutureless fixation materials 

have a higher complications rate (poor hold, synovitis, 

cartilage lesion) and were less successful in animal or 

cadaveric biomechanical studies. The current trend is towards 

the use of hybrid implants (fixation material combined with 

suture wire). However, because of complications such as 

neuropathic pain after open surgery (first generation devices) 

and after posterior approach surgery (second generation 

devices), hybrid implants tend to be reserved for cases of 

absolute necessity only.

Open repair
Open repair of meniscus tears has provided successful 

long-term results ranging from 84%–100%.

Open meniscal repair offers the advantage of better 

preparation of the tear site. However, only the most peripheral 

of tears in the red-red zone are amenable to this technique 

because of exposure and accessibility. Long-term follow-up 

of open meniscal repairs has revealed good success rates.72 

In this technique, a small incision is performed, similar to 

that made in an arthroscopic inside-out meniscus repair. The 

capsule and synovium are incised, allowing direct observation 

of the tear. To our knowledge, no prospective studies have 

been published to report the results of open meniscal repair. 

Currently, the specific indication for open repair technique 

in a patient with a posterior medial meniscus tear (within 

2 mm of the meniscosynovial junction) is a tight medial 

compartment. In this case, the visibility of the meniscus from 

an anterior portal is very difficult and the all-inside technique 

with knot tying can be challenging.

Arthroscopic inside-out repair
Henning73,74 first described the inside-out technique of 

arthroscopic meniscal repair. The inside-out meniscal repair 

technique involves fixation of a tear by placing sutures from 

inside the knee to a protected area on the outside of the joint 

capsule. Inside-out techniques use zone-specific cannulas to 

pass sutures through the joint and across the tear. The sutures 

are swaged onto flexible needles. A small posterior joint 

Figure 3 Partial resection of the medial meniscus for a complex lesion.
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line incision is used to retrieve the sutures and tie directly 

on the capsule. The use of a posterior retractor, such as a 

gynecologic speculum, is vital in order to protect the posterior 

neurovascular structures.

Advantages of this technique include the ability to 

achieve consistent perpendicular suture placement through 

the meniscal tear in the posterior horn. However, this also 

carries the risks of neurovascular injury while placing the 

needle from inside the joint to outside. A posterior incision 

is required to place a retractor to protect the neurovascular 

structures when using this technique.

Inside-out repairs have yielded favorable results in 

numerous retrospective reports,21,40,45,60 with success rates of 

the studies based primarily on clinical results ranging from 

73%–91%.75–83

Arthroscopic outside-in repair
The outside-in techniques have been described by Warren84 

and Morgan and Casscells.85 Outside-in techniques involve 

passing sutures percutaneously through spinal needles at 

the joint line across the tear, and then retrieving the sutures 

intra-articularly under arthroscopic observation. The needles 

are passed through the meniscus rim and then through the 

meniscus body fragment. A small incision is then made at 

the joint line, where the protruding suture ends are retrieved 

and tied directly on the capsule. An alternative technique is to 

retrieve the intra-articular portion of the suture with another 

pass across the tear using a wire snare and tying the suture 

back on itself on the capsule. A potential disadvantage of 

the outside-in technique is difficulty in reducing the tear and 

opposing the edges while passing the sutures.

Arthroscopic all-inside repair
The all-inside technique was traditionally used to perform 

repairs of the far posterior horns, where a posterior 

accessory portal is used, along with passing a suture with 

a suture hook device.86,87 The suture would then be tied 

intra-articularly. More recently, arthroscopic all-inside 

meniscal repair techniques recently have become popular 

because they seem to avoid many of the potential compli-

cations of other meniscal repair techniques and decrease 

operative time. Technologic advances include a number 

of implantable anchors, arrows, screws, and staples that 

facilitate meniscal repair without the need for acces-

sory incisions or portals. These devices can be made of 

permanent or absorbable materials. Although the pullout 

strength of some of these devices approximates those of 

mattress sutures in cadaveric studies,88,89 there have been 

no long-term clinical studies that compare them to more 

traditional repair techniques.

Meniscal transplantation
Meniscal transplantation is generally accepted as a management 

alternative option for selected symptomatic patients with 

previous complete or near-complete meniscectomy. Four 

methods of graft type have been described, including fresh 

allograft, fresh-frozen, cryopreserved and freeze-dried 

(lyophilized). Human immunodeficiency virus (HIV), 

hepatitis B and C, and syphilis are potentially transferable 

diseases with meniscal transplant surgery via graft material. 

The documented risk for HIV transmission is estimated to be 

at 1 in 8 million.90 Secondary sterilization of allografts has 

previously been undertaken using gamma radiation, ethylene 

oxide, or chemical sterilization.

Unfortunately, the dose of gamma radiation deemed 

effective at eradicating HIV (2.5 mrad) produces detrimental 

changes in the mechanical structure of the allograft.91

Ethylene oxide is no longer used as one of its byproducts 

has been shown to cause synovitis.92

Although appropriate size-matching of the graft to 

the donor site is believed to influence meniscal function 

postoperatively,93 there is no consensus on the tolerable value 

of meniscal size mismatch and no studies have quantified 

sizing errors effects. Most authors accept a sizing mismatch 

of less than 5%.

Fixation of the graft is crucial for restoration of meniscal 

function. Main techniques for fixation are soft-tissue sutures, 

bony plugs, or a bony bridge. Cadaveric studies suggest 

that suture fixation alone is not able to restore the normal 

tibiofemoral load transmission, a critical function in articular 

cartilage protection. This result can be achieved with bony 

fixation of the anterior and posterior horns94,95 and better 

results were reported using this procedure.96 However, some 

authors have reported satisfactory results with soft-tissue 

fixation alone.97,98 Bony fixation requires accurate anatomical 

graft placement, and cadaveric studies reported poor 

mechanical properties in case of malpositioning of the bony 

anchors.99,100 A medial meniscal graft shoud be fixed using 

two bony plugs (one for the anterior and one for the posterior 

horn), while a bony bridge is more suitable for the lateral 

meniscus, because of the closeness of the two horns.

The success of allograft transplantation is defined by three 

main parameters: the short-term recovery of symptoms, the 

improvement of patient function, and the long-term prevention 

of degenerative knee changes after partial/total meniscectomy. 

Even though results from the available studies are difficult to 
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compare because of the lack of a uniform outcome measure, 

current evidence suggests that meniscal allograft transplanta-

tion provides pain relief and improvement level of function 

for daily activities in short and intermediate follow-up.101 

Long-term effect on degenerative joint disease progression 

remains.101 Best results appear to be obtained in patients aged 

under 40 years complaining of knee pain, with a normal knee 

alignment, stable knee joint and limited early degenerative 

changes (Outerbridge Grade 3 or less).

Conclusions
When possible, meniscal repair should be performed to try to 

maintain meniscal integrity and prevent long-term degenerative 

changes that occur after meniscectomy. When meniscal repair 

is not possible, partial meniscectomy can be considered saving 

as much viable meniscal tissue as possible.

In patients with severe injury, which makes the meniscus 

irreparable total meniscectomy can be required. Meniscal 

transplantation can be an option if symptoms referable to 

the meniscectomized joint are present.29,62
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