
General 

Meniscal extrusion: risk factors and diagnostic tools to predict early           
osteoarthritis  
Giuseppe Francesco Papalia1,2, Pierangelo Za1,2, Luca Saccone1,2, Edoardo Franceschetti1,2, Biagio Zampogna1,2,
Sebastiano Vasta1,2, Rocco Papalia1,2 

1 Department of Orthopaedic and Trauma Surgery, Università Campus Bio-Medico di Roma, Roma, Italy, 2 Research Unit of Orthopaedic and Trauma 
Surgery, Fondazione Policlinico Universitario Campus Bio-Medico, Rome, Italy 

Keywords: Meniscal extrusion, Early Osteoarthritis, Root Tears, Diagnosis tools 

https://doi.org/10.52965/001c.74881 

Orthopedic Reviews 
Vol. 15, 2023 

Meniscal extrusion (ME) is strongly correlated with cartilage wear and osteoarthritis 
(OA), be-cause of the altered kinematic and the decreased contact area between the tibia 
and femur. The aim of this narrative review is to analyze the process of ME, focusing on 
the possible causes, and to evaluate the correlation between ME and knee OA, in order to 
provide early diagnosis and treatments. Studies written in English that analyzed the 
causes of ME, provided indications re-garding diagnosis and treatment, and evaluated 
the relation between ME and early OA were in-cluded. Injuries, degeneration of the 
meniscal substance and meniscus root tears are associated with significantly increased 
ME. An extruded meniscus could be a manifestation of other pa-thologies such as 
disruption of coronary ligaments, cartilage loss, knee malalignment, ligament injuries, or 
OA. ME is strongly associated with osteoarthritis features, particularly with bone marrow 
lesion and cartilage damage. Magnetic resonance imaging represents the gold standard 
for the detection of ME. The severity of the medial meniscus extrusion may also affect 
healing af-ter repair, and meniscus extrusion is not completely reduced by meniscus 
posterior root tear re-pair. In this study, we proved that ME represents an important risk 
factor for early knee OA. We provided alternative theories of ME, such as meniscal fibers 
injury first and “dynamic extrusion of the menisci”. The phenomenon of aging has been 
described as a new concept in the etiology of ME. Finally, we stated all the main 
techniques and characteristics of the diagnostic process, as well as the current knowledge 
in the therapeutic field. 

1. INTRODUCTION 

It has been widely demonstrated the relationship between 
meniscal loss of function and osteoarthritis (OA).1 Partic-
ularly, meniscal extrusion (ME) is strongly correlated with 
cartilage wear and OA.2 In absence of a functional menis-
cus, it has been shown exposure to pathologic loads of ar-
ticular cartilage of the knee, with consequent degenera-
tion.3‑5 The menisci are c-shaped wedges of fibrocartilage 
positioned between femoral condyles and the tibial plateau. 
The upper surface of the menisci is concave, while the lower 
is flat; they then stabilize knee joint by the conversion of 
tibial articular surface into a shallow socket. These features 
lead the menisci to absorb shocks, decrease friction, supply 
stability, nutrition, lubrication, and proprioception, spread 
load and increase congruity of the knee joint. Biomechan-
ical analyses have demonstrated that at least 50% of the 
compressive load of knee joint is transferred by the menisci 
in extension, while almost 85% of the load is transferred 
at 90° of flexion, reducing the mechanical stresses on car-
tilage surfaces and subchondral bone.6,7 With the load ap-
plied, normal menisci physiologically flatten by transmit-

ting the stresses and extrude to various degrees (up to 3 
mm), in diverse directions to neutralize the forces. Dis-
ruption of collagen fibers, which provide hoop strength, 
eventually results in diminished biomechanical properties 
leading to pathological meniscal extrusion.8 Currently, the 
pathological ME also known as meniscus subluxation or 
displacement is described as a deviation of the meniscus 
of 3 mm or more than 30% of total meniscal width beyond 
the edge of the tibial plateau.9‑11 ME represents an impor-
tant risk factor in the premature development and progres-
sion of OA,12,13 because of the altered kinematic and the 
decreased contact area between tibia and femur, the artic-
ular cartilage of the knee is so exposed to pathologic loads 
and subsequently degenerates. Therefore, an early diagno-
sis and treatment of ME can bring a deceleration in the 
evolution of the OA process, with a reduction in number 
of patients who need total knee arthroplasty (TKA) proce-
dures, and consequently reducing the economic burden by 
the health system. The aim of this narrative review is to an-
alyze the process of ME, focusing on the possible causes, 
and on the relevance of early diagnosis and treatments. 
Moreover, another goal of this study is to evaluate the cor-
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relation between ME and knee OA, to provide to knowl-
edge in the therapeutic field to slow down the degenerative 
arthritis process. 

2. MATERIALS AND METHODS 

A literature search was conducted using Scopus, Cochrane 
Central and PubMed–Medline, Cochrane Central, Scopus, 
and Google Scholar. The following search strings were used: 
(“meniscal”[All Fields] OR “menisceal”[All Fields]) AND 
(“extrusion”[All Fields] OR “extrusions”[All Fields]). We in-
cluded studies written in English that analyzed the causes 
of ME, provided indications regarding diagnosis and treat-
ment of this pathology and evaluated the relation between 
ME and early OA. 

3. RESULTS 

Degeneration of the meniscus, injuries, and meniscal root 
tears are associated with significantly increased ME.14,15 

However, an extruded meniscus could represent not only 
a meniscal tear, but should be an expression of other 
pathologies such as disruption of coronary ligaments, car-
tilage loss, knee malalignment, ligament injuries, or os-
teoarthritis.16 

3.1. RISK FACTORS FOR MENISCAL EXTRUSION 

Kenny firstly identified that medial displacement occurs at 
the level of the firm attachments to the deep medial liga-
ment and medial capsule.17 Muzaffar et al.18 associated the 
meniscus type of lesion to the extrusion rate and showed 
that ME is correlated with medial meniscal posterior horn 
tears (64.26% of evaluated patients), followed by medial 
meniscal body tears (21.42%), medial meniscal root tears 
(5.1%), lateral meniscal body tears (9.18%) and lateral 
meniscal posterior horn tears (4.08%). Crema et al.9 in a to-
tal of 2131 knees have demonstrated that ME in both com-
partments is significantly related to meniscal tears, par-
ticularly to root tears in medial compartment. Moreover, 
they proved that varus and valgus alignment are indepen-
dent factors associated with medial and lateral ME. How-
ever, Zhang et al.19 demonstrated that higher body mass 
index (BMI), meniscal tear, varus alignment, knee injury 
history, Heberden’s nodes, mild knee symptoms and Kell-
gren-Lawrence (KL) grade ≥1 at baseline were significantly 
associated with an elevate degree of medial meniscal body 
extrusion. Novaretti et al.20 reported that patients with 
higher BMI had significantly higher ME compared to pa-
tients with normal BMI (p < 0.001). In a cross-sectional 
study by Zhang et al.,21 it has been found a correlation be-
tween ipsilateral meniscus tear, BMI and medial ME in a 
sample of 395 women with a mean BMI of 32.4 kg/m2. In 
a study by Ding et al.22 was found the positive association 
between medial ME and the following values: BMI, weight, 
tibial bone area, medial tibiofemoral cartilage defect score, 
radiographic OA, medial joint space narrowing and osteo-
phytes, loss of medial tibial cartilage volume, and progres-
sion of tibiofemoral cartilage defect score. Kim et al.23 in-

cluded in their study patients with tear of medial meniscus 
treated with arthroscopic partial meniscectomy. Preopera-
tively, they showed that the extension of meniscal degen-
eration and the pattern of meniscal tear were related to 
meniscal extrusion. Furthermore, they found that menisci 
degeneration grade was directly proportional to meniscal 
extrusion. Finally, the degree of ME had a statistically sig-
nificant correlation with IKDC subjective score and IKDC 
radiographic grade. 

3.1.1. ROOT TEARS 

Many studies have shown the correlation between ME and 
root tears.24‑27 Meniscal root tears are described as bony 
or soft tissue root avulsion injuries or radial tears within 1 
cm of meniscus root attachment.28‑30 The meniscal roots 
play a crucial role to convert axial tibio-femoral loads into 
hoop stresses.31 Therefore, the loss of meniscal anchoring 
to the tibial plateau causes loss of meniscus function, knee 
kinematics alteration and ME. The medial meniscus poste-
rior root tear (MMPRT) leads to abnormal biomechanics of 
the tibiofemoral joint and the inability to turn axial loads 
into hoop stresses, inducing medial ME,29,31 and resulting 
in a condition similar to total meniscectomy.30,32 Finally, 
the presence of ME on magnetic resonance imaging (MRI) 
is considered one of the three criteria for the diagnosis of 
root tears.33 

3.1.2. LATERAL MENISCUS 

Laprade et al.28 in a cadaveric study demonstrated that 
avulsions of the posterior root attachment of the lateral 
meniscus and radial tears adjacent to the root attachment 
significantly decreased the contact area and increased the 
contact pressure in the lateral compartment of the knee. 
however it is a cadaver model in which its impossible to re-
produce normal tissue biology, including muscle contrac-
tions, proprioception, and healing. However, in the cadaver 
model of was impossible to reproduce normal tissue bi-
ology, including muscle contractions, proprioception, and 
healing. Minami et al.34 investigated 317 patients with a 
previous anterior cruciate ligament (ACL) injury. The group 
with lateral meniscus posterior root tear (LMPRT) showed 
significantly greater meniscus extrusion than the control 
group. However, the chronological cause and effect rela-
tionship between LMPRT and meniscus extrusion has not 
still been described in detail. Moreover, the authors did not 
clarify whether meniscal extrusion may play an additional 
role in anterolateral rotational instability in anterior cru-
ciate ligament-injured patients. Kamatsuki et al.35 demon-
strated the association between posterior root tears and ME 
in 35 knees with ACL injury. They showed that a complete 
lesion of the posterior root of the lateral meniscus causes 
a greater ME than a partial lesion of the same root in pres-
ence of insufficient ACL. Moreover, the authors found that 
a meniscal extrusion of 1.1 mm on MRI could predict poste-
rior lateral root injury with a sensitivity of 100% and speci-
ficity of 83% for complete LMPRT in knee with an ACL tear. 

Meniscal extrusion: risk factors and diagnostic tools to predict early osteoarthritis

Orthopedic Reviews 2



3.1.3. MEDIAL MENISCUS 

The medial meniscus is more susceptible to injury and ex-
trusion than the lateral meniscus due to its anatomical 
characteristics and because it is a relatively less mobile 
structure. Lerer et al.15 evaluated patients with medial ME 
and found significant associations between pathological ex-
trusion, loss of articular cartilage, and a posterior root tear 
of the medial meniscus that resulted in loss of meniscal 
function. Sung et al.36 reported that the mean absolute me-
dial ME was 4.1±0.7 mm in 36 knees showing the MMPRT 
at a mean of 5.3-months from the onset of symptoms. Fur-
thermore, Furumatsu et al.37 demonstrated that the mean 
absolute medial ME was 3.0±1.2 mm even in the early pe-
riod (less than one month after the MMPRT onset), and that 
medial ME developed progressively within one year after 
the onset of symptomatic MMPRT. However, it is still un-
clear if extrusion occurs as a result of meniscus root tears 
or if root tears are the final result of damage to secondary 
meniscal restraints and associated extrusion. 

3.1.4. MENISCOTIBIAL LIGAMENTS 

Krych et al.38 proposed that an initial meniscal extrusion 
is the consequence of a progressive loss of functionality 
of the meniscotibial ligaments. Thus, with the progressive 
loss of function of the meniscotibial ligaments, the poste-
rior root is subjected to increasing forces that can lead to its 
breakage and a further deterioration of meniscal extrusion. 
The final result is the rapid degeneration of cartilage and 
the progression to osteoarthritis. In a previous study, Krych 
et al.39 showed the correlation between meniscotibial lig-
aments injury and meniscal extrusion. They analyzed 3244 
MRI of patients with ME and only 20 of this had an isolated 
ME (0.62%), showing that an isolated ME is a very rare find-
ing. Meniscotibial ligaments abnormalities were detected in 
65% of cases (13 of 20). Patients with a meniscus extrusion 
of more than 3 mm were much more likely to present as-
sociated meniscotibial ligament abnormalities (100%, 9 of 
9) in comparison with patients with < 3 mm of extrusion 
(36%). 

3.1.5. DYNAMIC EXTRUSION 

The difference in extrusion between unload and load con-
ditions was described as dynamic extrusion.40 Due to its 
viscoelastic properties, the meniscus can deform itself re-
versibly, when subjected to axial forces.41 In fact, under 
load the collagenous fibers of the meniscus elongate and 
subsequently increase the hoop stress,14 while after un-
loading the meniscus returns to its original position. 
Therefore, both an enhanced ME and a reduced or absent 
functional adaption reaction of the meniscus can be con-
sidered pathological.42 The physiological dynamic behav-
iour is crucial for the meniscal function and it is the con-
sequence of shock absorption and load distribution by the 
meniscus.43 The forces are transmitted in circular hoop 
stress, which is transferred to the insertions of the 
menisci.44 The absence of a natural meniscal extrusion 
shows a lack of meniscal function, as it happens in case 

of root tears, in a condition described as “the dead menis-
cus” by Karpinski et al.42 Furthermore, they hypothesized 
that dynamic ME is a physiological finding in the healthy 
meniscus and it is decreased in knees with medial root tear. 
They used ultrasound to compare the dynamic ME in pres-
ence of medial root lesion compared with healthy patients. 
The patients were examined first in supine position and af-
ter in full weight bearing condition. In the experimentale 
group, the mean medial ME was 3.6 mm (± 1.0 mm) in the 
supine position, while in the standing position it increased 
to 3.7 mm (± 0.9 mm). The mean δ-extrusion was 0.1 mm 
(± 0.2 mm) and the ratio was 1.0 (± 0.1). Instead, in con-
trols, the mean medial ME was 1.3 mm (± 0.3 mm) in the 
supine position and increased to 2.3 mm (± 0.4 mm) un-
der bipedal standing with full weight-bearing. Therefore, 
the mean δ-extrusion in this group was 1.0 mm (± 0.4 mm) 
and the extrusion ratio was 1.8 (± 0.4). In conclusion, they 
demonstrated that medial root tear determines a signifi-
cant reduction of dynamic ME in comparison with healthy 
meniscus status, resulting in a phenomenon called “dead 
meniscus sign”. 

3.1.6. KNEE MALALIGNMENT 

Knee malalignment causes suboptimal load distribution 
among the menisci, knee joint cartilage and subchondral 
bone, resulting in increased risk of injuries and accelerate 
OA.45 Crema et al.9 and Lefevre et al.46 proved that varus 
malalignment is an independent factor associated with ME. 
Conversely, Chang et al.47 et Erquicia et al.,48 did not find a 
correlation between varus malalignment and ME. 

3.2. AGING 

Achtnic et al.40 evaluated the phenomenon of aging, 
demonstrating that ME is present also in healthy knees and 
that is closely related to age. Therefore, the meniscal de-
terioration could be attributed not only to acute traumatic 
injuries or to lesions but also to the phenomenon of aging 
on degenerated meniscus. Aging can be defined as a result 
of a time-dependent accumulation of molecular and cellu-
lar damage,49 that involves all the structural components 
of the meniscus. Aging can hit a particular type of cells, 
called meniscal chondrocytes, that produce the type 1 col-
lagen, responsible for resisting hoop stresses. The mecha-
nism of age-related tears is not fully understood, but a stiff-
ened meniscus with compositional changes might become 
vulnerable to degeneration or damage with repetitive load-
ing or microtrauma. Thus, the loss of this defense mecha-
nism could facilitate the meniscal extrusion in a meniscus 
otherwise devoid of tears. However, although the mecha-
nism of cellular senescence is well recognized, it is not clear 
whether this can negatively affect the quantity and quality 
of collagen. 
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3.3. DIAGNOSTIC TOOLS FOR MENISCAL 
EXTRUSION 

In presence of meniscal extrusion, it results essential to ob-
tain an early diagnosis, in order to avoid the progression 
to OA. Symptoms associated with meniscal extrusion are 
non-specific and may be affected by any associated injuries. 
Usually, the patient shows up with swelling, pain some-
times discontinuous and not always well located at the joint 
line, popping or clicking. Given the not-specificity of the 
clinical framework, the evaluation of the imaging is funda-
mental. Imaging modalities used to detect ME include plain 
radiographs, ultrasound and MRI. 

Radiographs should be obtained in a weight-bearing po-
sition and provide indirect evidence of meniscus extrusion, 
evaluating the joint space narrowing and the presence of 
buttressing osteophytes.50 

Ultrasound does not expose to ionizing radiation, dis-
plays the knee joint line and leads to evaluate body menis-
cal integrity and possible meniscal extrusion.51 Extrusion 
was described as the distance between a tangent line par-
allel to the fiber orientation of the medial collateral liga-
ment (MCL) at the margin of the medial tibial cortex and 
the outermost edge of the medial meniscus.42,52 However, 
it is not effective for the assessment of the tibiofemoral 
cartilage or for the direct evaluation of meniscal anterior 
and posterior horns or roots. Nevertheless, Mureşan et al.53 

demonstrated in a prospective study with athletes that sta-
tic ultrasound examination of medial meniscal lesions by 
an experienced examiner has a specificity of 77.7% and a 
sensitivity of 88.8%. Moreover, in a study by Verdonk et 
al.54 ultrasound and MRI were used to examine dynamic 
lateral meniscus extrusion in patients after meniscus trans-
plantation. They showed that both the measurement de-
vices are adequate for evaluating laterally directed extru-
sion of the normal and transplanted lateral meniscus. 

MRI is highly sensitive and specific and represents the 
gold standard for the identification detection of meniscal 
degeneration, tears and extrusion.14,41 Both 1.5- and 
3-Tesla MRI scanners provide diagnostic-quality images of 
the meniscus.55,56 Proton Density weighted sequences are 
optimal for the assessment of meniscal pathology. The 
study of meniscal extrusion at MRI is influenced by the 
load, which led to a better definition of meniscal patholo-
gies compared to MRI assessed in the supine position.57 

Meniscal extrusion can be identified and measured at the 
mid-coronal slice, choosing the slice with the largest area 
of medial spine. A first line is drawn perpendicular to the 
medial edge of the tibial plateau, and a second line is drawn 
perpendicular to the most edge of the medial meniscus; 
ME is calculated as the distance between those two lines, 
excluding osteophytes.16 Jones et al.11 demonstrated that 
the single coronal MRI slice overestimates the real value 
of the ME, because it sets the greatest ME at the anterior 
part of the tibia. On the contrary, the coronal MRI slice cor-
responding to the apex of the medial tibial spine detects 
most closely the true perpendicular extrusion measures. 
Medial ME can be graded as a relative percentage of extru-
sion: with grade 0=no extrusion, grade 1=≤50% extrusion 

and grade 2= >50% extrusion9,58; or as part of semi-quan-
titative MRI scoring systems for OA, with grade 0= <2 mm; 
grade 1=2–2.9 mm, grade 2=3–4.9 mm; grade 3= >5mm.19,

59 Indeed, lateral ME can be measured using the coronal 
slice in which the femoral attachment of the popliteal ten-
don was best visible, as the horizontal distance between the 
most external margin of the tibial plateau articular carti-
lage and the peripheral border of the lateral meniscus.57,

60 A threshold of 3 mm is usually observed to discrimi-
nate between physiological and pathological extrusion. In 
fact, ME greater than 3 mm on mid-coronal imaging is sig-
nificantly correlated with articular cartilage degeneration, 
severe meniscal degeneration and root tears.33 However, 
this threshold of >3mm displacement of the body of medial 
meniscus in documenting ME may not be entirely correct,61 

because physiological ME depends on different parameters, 
like age and BMI,40 and could be completely reversible.62 

Therefore, the quantitative distinction between physiolog-
ical and pathological extrusion remains unclear. Svensson 
et al.63 sustained that the use of 3mm cut-off as radiologi-
cal limit to define pathological ME can lead to overestimat-
ing the true cases. Thus, they proposed a new 4mm cut-
off, claiming that the use of this new value could lead to a 
higher number of true positives, with higher specificity on 
MRI as a marker of structural OA features. 

3.4. TREATMENT OF MENISCAL EXTRUSION 

Conservative treatment for isolated or degenerative ME in-
cludes physical therapy, rehabilitation, and intra-articular 
corticosteroid or hyaluronic acid injections in order to 
maintain range of motion and provide short-term relief of 
knee pain. When ME is associated with other injuries such 
as radial tears or root tears, these could be repaired. It 
is still unclear if it is advantageous to repair an isolated 
meniscal extrusion. The severity of the medial meniscus ex-
trusion may also affect healing after repair,64 and medial 
ME is not completely reduced by MMPRT repair.65 Root 
tears are strongly correlated to ME, but conflicting results 
have been shown concerning the progression of medial ME 
after arthroscopic transtibial pull-out repair of MMPRT. 
Krych et al.66 in their prospective multicenter study found 
that meniscal extrusion worsened six months after menis-
cal root repair. In fact, mean extrusion increased signifi-
cantly, from 1.9 ± 1.5 mm preoperatively to 2.6 ± 1.4 mm 
postoperatively. However, in this study, the pull-out tech-
nique to restore the meniscal root seems to be effective 
in slowing down the cartilage degeneration process. Moon 
et al.67 retrospective analyzed 63 patients who underwent 
isolated arthroscopic transtibial pull-out repair of medial 
meniscus root tear. According to MRI medial ME ratio after 
surgery, the patients were divided into two groups, distin-
guish for increased or reduced/maintained meniscal extru-
sion ratio. They noted a statistically significant improve-
ment in clinical outcomes 2 years after surgery, without 
significant differences between the 2 groups. Nevertheless, 
MRI findings showed osteoarthritis progression at postop-
erative 2 years, which was significantly higher in the group 
of patients with an increased meniscal extrusion ratio. Fi-
nally, better clinical outcomes were found when surgery 
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was performed within 13 weeks from the onset of symp-
toms; therefore, they suggest that performing early surgical 
repair of medial meniscus root tear may avoid the progres-
sion of ME and osteoarthritis. Kaplan et al.68 evaluated the 
mid-term functional outcome scores and chondral status at 
MRI of 10 patients with posterior medial meniscal root tear 
treated with the transtibial suture pull-out technique with 
two locking cinch sutures repair. Both IKDC and Lysholm 
score significantly increased at 5-year follow-up, and pa-
tients showed a worsening progression of medial femoral 
condyle and tibial plateau chondral disease. Laprade et al.28 

in their cadaveric study demonstrated that in situ pull-out 
suture repairs of posterior root tears and radial tears at 3 
and 6 mm from the posterior root of lateral meniscus sig-
nificantly improved the loading profiles of the lateral com-
partment, preventing the development of articular cartilage 
degeneration. Allaire et al.31 demonstrated that repairing 
posterior root of medial meniscus was successful in restor-
ing joint biomechanics. 

3.5. MENISCAL EXTRUSION AS A PREDICTOR OF 
OSTEOARTHRITIS 

Knee osteoarthritis is a major public health issue and 
causes chronic pain and disability among elderly patients 
in most of the developed countries. Epidemiologic studies 
have shown that knee OA affects over 250 million people 
worldwide, with a relevant impact on health care and soci-
ety, and its incidence is showing a growing trend with the 
increasing life span.69,70 The meniscal extrusion from the 
joint line represents an important risk factor in the devel-
opment of OA,11 due to joint space narrowing, loss of car-
tilage and increase in bone marrow lesions .13,71 Indeed, 
ME can be used as an index correlated with the degree of 
pain and the clinical symptoms in knee OA.72 Several stud-
ies indicate that pathological medial meniscus extrusion 
is a predictor for progression of knee OA.73 Kawaguchi et 
al.74 investigated medial ME in knee OA and showed an 
increased radial displacement by ultrasound with weight-
bearing. Therefore, they reported a time-dependent close 
correlation between ME and the progression of OA. Svens-
son et al.63 demonstrated that medial meniscal body extru-
sion is strongly associated with osteoarthritis features, par-
ticularly with bone marrow lesion, cartilage damage, and an 
increase in the KL score. Adams et al.12 in a group of pa-
tients with knee OA showed that the association between 
ME and thinning of articular cartilage is higher in case of 
advanced disease (KL 4) rather than in patients with KL 1 or 
2. Indeed, the early narrowing of the joint space has been 
described as a result of ME. In a study by Chiba et al.75 

the meniscal extrusion presented a strong positive associa-
tion with medial joint space width in the group of patients 
with severe knee OA, while it showed a significant associa-
tion with osteophytes formation in moderate knee OA. The 
authors reported also as 5.5 mm ME represents a thresh-
old for rapid joint space narrowing progression in the se-
vere knee OA. Lerer et al.15 endorsed the rationale that ME 
leads to damage of articular cartilage, which contributes to 
the development of degenerative joint disease (DJD), as a 
progression of knee OA. In fact, they showed that 75% of 

the examined patients with significant DJD had > 3 mm me-
dial ME. Van der Voet et al.71 studied the relationship be-
tween baseline ME and the incidence of knee OA after 30 
months in a group of overweight and obese women without 
knee OA at baseline. They showed that 28.8% of the knees 
with ME presented a progression to knee OA, while only 
14.2% of the knees without extrusion had developed knee 
OA. Furthermore, the radiographic sign of knee OA and me-
dial joint space narrowing was seen significantly more often 
in knees with ME. In a study by Driban et al.10 it has been 
shown that 72% of knees with accelerated OA presented 
medial ME, while 28% had subchondral damage. Moreover, 
meniscal extrusion, meniscal tear and acute subchondral 
damage represent risk factors in the pathogenesis of early 
knee OA. Paletta et al.76 in their study analyzed 6 cadaveric 
knees and they measured ME using ultrasound in different 
conditions. They demonstrated that detachment of the me-
dial meniscotibial ligament increases ME from a mean of 
1.5mm to a mean of 3.4mm, and that the repair of this liga-
ment significantly reduces ME to a mean of 2.1mm. Dean et 
al.77 described a new technique - recommended in case of a 
first repair failure of the posterior root of medial meniscus 
- for stabilizing the meniscal profile by reducing ME. They 
proved that greater stability in the meniscus should be a 
protective factor for the root reducing the risk of surgical 
failure. 

4. DISCUSSION 

Meniscal lesions represent the second most common intra-
articular injury of the knee and are the most frequent case 
of orthopedic surgeries.78,79 It has been shown that in the 
United States (US) the mean annual incidence of meniscal 
lesions ranges from 61 to 66 per 100.000 inhabitants80 and 
most of them continued to be treated by meniscectomy. 
The peak incidence occurs at the age of 20-29 for both gen-
ders.81 Meniscus root tears represent specific meniscal in-
juries, which have been highlighted within the last 5 years 
and have been proved to count for 10% to 21% of all menis-
cal tears, affecting almost 100,000 patients every year.25 OA 
is identified by the World Health Organization as one of the 
four chronic musculoskeletal conditions that will continue 
to become more prevalent as the population ages,82 and 
affects approximately 27 million adults in the US alone.83 

Prosthetic replacement is the inevitable consequence of the 
failure of conservative treatment for the OA. In 2009, knee 
arthroplasty became the fourteenth most common inpa-
tient procedure in the US, being responsible for 22 hospital 
stays per 10,000 population. It is predicted that by the year 
2030, there will be approximately 3.5 million primary TKAs 
each year in the US.84 It is reasonable to assume that these 
trends in costs will continue to rise as the population ages 
and a greater number of individuals elect to have these sur-
gical procedures.85 As future prospects, a correct diagno-
sis and an early repair of meniscal lesions associated with 
meniscal extrusion can lead to a slowdown of the degener-
ative process, to better success of conservative or surgical 
treatments, and to less number of prosthetic replacements, 
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with significant economic benefits for the health system 
and increased quality of life for the patients. 

5. CONCLUSIONS 

In this study, we proved that meniscal extrusion represents 
an important risk factor for early knee OA. All the causes of 
ME have been explained, particularly the chronological re-
lationship between meniscal extrusion and meniscal tears. 
We provided alternative theories of meniscal extrusion, 
such as meniscal fibers injury first. The phenomenon of ag-
ing has been described as a new concept in the etiology of 
ME. It has been shown the importance of dynamic extru-
sion of the menisci, which should not be considered patho-
logical, but represents an important mechanism of dissipa-
tion of forces. As the main aim of the study, we stated all 
the main techniques and characteristics of the diagnostic 
process, as well as the current knowledge in the therapeutic 
field. Finally, we gave future perspectives for an early diag-
nosis of meniscal lesions in order to early treat them and to 
slow down the arthritic process. 
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