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5.1           Introduction 

 The menisci have a major role in the function of 
the knee joint [ 57 ]. 

 Meniscal lesions continue to represent the 
second most common intra-articular injury of 
the knee and are the most frequent cause of ortho-
pedic surgeries [ 33 ,  81 ]. In the United States, 
the mean annual incidence of meniscal lesions 
has been reported to range from 61 to 66 per 
100,000 inhabitants [ 5 ,  51 ], and most of them 
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continue to be treated by meniscectomy [ 33 ]. 
Among the injuries of athletes affecting the knee, 
most involve the anterior cruciate ligament 
(ACL) (20.34 %), followed by the medial 
(10.76 %) and lateral meniscus (3.66 %) [ 53 ]. 

 Meniscal injuries are more frequent in men 
than women, with a male to female incidence ratio 
ranging between 2.5:1 and 4:1. The peak incidence 
occurs at 20–29 years of age for both sexes [ 5 ,  33 , 
 54 ] and is more common in the right knee [ 5 ]. 

 Despite meniscal lesions can occur in all age 
groups, patient’s age has a major infl uence on the 
etiological and pathophysiological factors [ 9 ,  66 , 
 81 ]. The proportions of meniscus constitution 
concerning water content, cells, extracellular 
matrix, collagen, and adhesion glycoproteins 
present variations according to age, injury, and 
pathological conditions [ 88 ]. 

 Anatomic features, biological and biomechan-
ical characteristics, and the type of external 
forces acting in different zones and segments 
during normal and abnormal motion are decisive 
in the mechanism of injury of these structures 
[ 9 ,  34 ,  54 ,  59 ,  91 ]. 

 It has been recognized that the partial or 
total loss of meniscus brings negative con-
sequences to the knee, principally at long 
term [ 27 ]. 

 Great changes have been introduced in recent 
years concerning the clinical approach to menis-
cus injuries. The paradigm has changed “from 
meniscectomy to preservation or substitution” 
[ 93 ]. Arthroscopic techniques have also created 
a revolution in treatment, and the ongoing devel-
opment of implants and tools has contributed to 

a major increase in options for treatment of sev-
eral injuries of the menisci [ 9 ]. Understanding 
the mechanism of injury and the biological 
response of the tissue to aggression might assist 
in further development of effective treatment 
strategies [ 70 – 72 ]. 

 The meniscus is a complex tissue, and seg-
mental variations have been reported concerning 
cells, ultrastructure, extracellular matrix, and 
biomechanical properties [ 70 ]. Different cells 
can also play different roles in meniscus function 
and response to aggression (injury) [ 92 ]. 

 This work describes the most relevant injury 
mechanisms of the menisci, correlated to its 
ultrastructure and anatomy.  

5.2     Anatomy, Biology, 
and Biomechanics: 
Relevance on Meniscal 
Injuries 

 The menisci are C-shaped wedges of fi brocarti-
lage located between the tibial plateau and femo-
ral condyles. The menisci contain 70 % of type I 
collagen interposed with cells and an extracellular 
matrix (ECM) of proteoglycans and glycoproteins 
[ 73 ]. The collagen bundles are combined in dif-
ferent orientations to oppose compressive, radial, 
and shear stresses [ 73 ]. The collagen bundles 
include three different layers [ 10 ,  17 ], as follows:

    1.    One more superfi cial with random orientation 
of fi bers, which somewhat can mimic hyaline 
cartilage   

   2.    Radial bundles (more frequent in the inner-
most one-third)   

   3.    Circumferential bundles (in the outer 
two-thirds)    

  It has been suggested that fi bers in the inner 
third mainly oppose to compression forces, while 
the outer two-thirds counteract radial tension 
forces [ 17 ]. 

 Another group of collagen fi bers, the so-called 
tie fi bers, is radially orientated and its function is 
to oppose longitudinal splitting forces of the cir-
cumferential collagen bundles [ 17 ]. 
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 The medial meniscus is larger, has a “semilu-
nar” shape, and is attached more fi rmly than the 
more circular shaped lateral meniscus [ 73 ]. 

 The anterior and posterior horns of both 
menisci are fi rmly attached to the tibial plateaus. 
Anteriorly, the transverse ligament connects both 
menisci. 

 The meniscofemoral ligaments thus help 
 stabilize the posterior horn of the lateral menis-
cus to the femoral condyle [ 36 ]. The coronary 
ligaments connect it in a somewhat “loose” way 
to the peripheral meniscal rim to the tibia. The 
lateral meniscus has no attachment to the lateral 
collateral ligament (LCL) despite the close ana-
tomic correlation. 

 The joint capsule is attached to the complete 
periphery of each meniscus but adheres more 
fi rmly to the medial meniscus [ 54 ]. The popliteal 
hiatus allows the popliteus tendon to pass through 
to its femoral attachment site and represents an 
interruption in the attachment of the joint capsule 
to the lateral meniscus. During knee fl exion, con-
traction by the popliteus pulls the lateral meniscus 
in a posterior direction and this way prevents it to 
become entrapped within the joint space [ 75 ]. 

 There is no direct muscular connection to the 
medial meniscus. The medial meniscus is capa-
ble to move a few millimeters, while the less 
stable lateral meniscus may shift more than 
1 cm [ 57 ]. 

 Different mobility patterns of both menisci are 
believed to infl uence different injury mechanisms 
[ 9 ]. On kinematic MRI evaluation, the menisci 
tended to move signifi cantly to the posterior side 
when moving from extension to fl exion [ 44 ]. The 
anteroposterior meniscal movement was higher 
for the anterior horn of the medial meniscus and 
inferior for the posterior horn of the medial 
meniscus [ 44 ]. 

 Under compressive loads, the medial porcine 
meniscus and its attachments undergo signifi cant 
displacement by up to 2.66 1.2 mm ( P  < 0.01) 
under knee joint loads of 200 % body weight 
(BW) [ 28 ]. Moreover an increase of 0.9 mm in 
the distance between posterior and anterior horn 
( P  < 0.001) was observed [ 28 ]. The meniscus and 
its attachments presented an average radial 
stretch of 0.6 %, an average circumferential 

stretch of 0.9 %, and an average axial compres-
sion of 11.6 % at 200 % BW [ 28 ]. An in vivo 
study of meniscus movements using dynamic 
MRI has shown that on weight-bearing condi-
tions, the anterior horn of the medial meniscus 
moves through a mean of 7.1 mm and the poste-
rior horn through 3.9 mm, with 3.6 mm of medio-
lateral radial displacement [ 91 ]. The height of the 
anterior horn increases by 2.6 mm and that of the 
posterior horn by 2.0 mm [ 91 ]. The anterior horn 
of the lateral meniscus moves 9.5 mm and the 
posterior horn 5.6 mm, with 3.7 mm of radial dis-
placement [ 91 ]. The height of the anterior horn 
increases by 4.0 mm and that of the posterior 
horn by 2.4 mm [ 91 ]. The most signifi cant differ-
ences between weight-bearing and non- weight- 
bearing conditions were the movement and 
vertical height of the anterior horn of the lateral 
meniscus [ 91 ]. 

 Knee fl exion normally leads to posterior 
movement and shortening of the anterior- 
posterior diameter of the menisci, which can be 
related to the positioning and curvature of femo-
ral condyles at the tibiofemoral contact point at 
knee fl exion [ 41 ]. 

 This biomechanical behavior must be consid-
ered when aiming to understand the response of 
meniscal tissue to external loads. 

 The role of menisci on load transfer has been 
described by several biomechanical studies [ 31 , 
 49 ,  50 ]. Understanding the biomechanical behav-
ior of the joint is fundamental to understand is 
pathophysiology [ 47 ,  84 ]. 

 Concerning load transmission, 70 and 50 % 
of the load are transferred through the lateral 
and medial menisci in its corresponding 
 compartments [ 15 ]. 

 The lateral meniscus carries most of the load 
transfer on the lateral compartment, while in the 
medial compartment the load transmission is 
more evenly distributed between the cartilage 
surfaces and the medial meniscus [ 94 ]. 

 During normal knee kinematics the menisci 
are exposed to compressive, radial tensile, and 
shear stresses [ 1 ,  35 ,  65 ]. 

 This knowledge (Fig.  5.1 ) has obvious impli-
cations in meniscus injuries and on global joint 
consequences of these injuries [ 27 ].

5 Physiopathology of the Meniscal Lesions
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   In the stable knee, with normal anterior cru-
ciate ligament (ACL), the medial meniscus has 
a small function as secondary stabilizer when 
opposing to anterior tibial translation [ 57 ]. The 
ACL (primary stabilizer) impairs anterior dis-
location prior to signifi cant contact of the fem-
oral condyle with the posterior horn of the 
medial meniscus (Fig.  5.2 ) [ 50 ]. However, in 
ACL-defi cient knees this mechanism has been 
related to frequent patterns of meniscal inju-
ries, including acute longitudinal and horizon-
tal tears [ 9 ,  57 ].

   The competence of collateral ligaments is 
also relevant once the absence of collateral liga-
ments increases the loads in cruciate ligaments 
and contact stresses transmitted through carti-
lage layers and menisci. Higher risk for injury 
consequently subsides, especially when varus- 
valgus forces are accompanied by other modes 
of loading as well [ 12 ]. 

 The knee is a relatively incongruent joint 
(Fig.  5.3 ), thus producing quite different pat-
terns of load transfer as compared to the ankle, 
being the latter a good example of a congruent 
joint of the inferior limb [ 90 ]. The menisci have 
an important role in increasing joint congru-
ency. However, the lateral meniscus has a higher 
contribution in ensuring joint congruency when 
compared to the medial. Both these facts must 
be kept in mind when aiming to understand the 
physiopathology of meniscal injuries [ 61 ].

   The meniscus has been divided for description 
and research purposes according to zones and 
segments [ 3 ]. 

  Fig. 5.1    Schematic representation of compressive (hoop), radial tensile, and shear stress forces ( green arrows ) impli-
cated in pathophysiology of meniscus injuries       

a

b

  Fig. 5.2    Schematic representation of the primary role of 
ACL in impairing anterior tibial translation while the pos-
terior medial meniscus horn acts as a secondary stabilizer 
( a ); in the ACL-defi cient knee the posterior horn of medial 
meniscus is frequently entrapped by the femoral condyle 
and tibial plateau during anterior tibial dislocation ( b )       
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 The more vascularized zone 1 has higher 
quantity of stem cells than the less vascularized 
zones 2 and 3, and such cells might play a role in 
meniscal repair [ 67 ]. Meniscal vascularization is 
related to the healing capacity of meniscal tissue 
including recovery from repetitive loading. 
However, some healing of meniscal tissue has 
been described in avascular portions of the 
meniscus [ 9 ]. Anterior and posterior insertional 
horns are more richly irrigated [ 16 ]. 

 Regional variations in viscoelastic properties 
[ 18 ] and regional and zonal variation in glycosami-
noglycan coverage, size, and cellular density have 
also been reported in animal meniscal tissue [ 43 ]. 

 For the fi rst time, a recent study about regional 
variations in fresh human meniscus tissue con-
cluded that medial meniscus presents higher 
stiffness (storage modulus –  E ′) and loss factor 
(tan  δ ) as compared to the lateral [ 70 ]. Moreover, 
anterior segments present signifi cantly lower 
stiffness (lower  E ′) as compared to mid-body and 
posterior segments. Anterior segments of either 
lateral or medial menisci have higher tan  δ , which 
suggests that they are more predisposed to dissi-
pate mechanical energy [ 70 ]. Besides the fact 
that anterior segments have higher damping 
properties, they also have inferior cellularity as 
compared to other segments [ 19 ,  70 ]. The exact 
implication of such fact on injury and repair 
mechanism is subject to ongoing research. 

 Despite the material properties, stresses in the 
meniscus are also sensitive to the geometry of 

structures (meniscus width and radius of curvature 
of the femoral surface of the meniscus) [ 61 ,  62 ]. 

 Biomechanics has implications in injury 
mechanism but it also can infl uence repair. It has 
been shown that joint loading through physical 
therapy may be benefi cial in promoting healing 
of meniscal lesions under infl ammatory condi-
tions [ 60 ].  

5.3     Traumatic Meniscus Injuries 
in Younger Population 

 Menisci can be traumatically injured during 
sports practice or high-energy trauma [ 78 ]. 
Meniscal tears might also occur in combination 
with fractures around the knee [ 78 ]. Clinical 
presentation of acute tears includes pain and/or 
swelling of the knee joint. Unstable, displaced 
tears might lead to mechanical symptoms such 
as clicking, catching, or locking of the knee 
joint [ 74 ]. 

 Meniscal tears are more common in young 
and active individuals, particularly when enrolled 
in level 1 contact sports that comprise frequent 
pivoting, such as soccer, rugby, or American 
football [ 74 ]. However, such type of injuries can 
occur after apparently innocuous activities such 
as walking or squatting [ 6 ]. 

 The most frequent traumatic mechanism is a 
twisting movement at the knee while the leg is 
bent (Fig.  5.4 ). Torsional loading or a high 

  Fig. 5.3    Schematic representation of 
compressive load transmission ( gray arrows ) 
on an incongruent joint (e.g., the knee) and the 
important role of the meniscus in load 
transmission ( green arrows )       
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a

c d

b

  Fig. 5.4    Schematic representation of common injury 
mechanisms of ligaments, cartilage, and meniscus of the 
knee joint. ( a ) joint forced inward (often associated to 
medial colateral ligament injury); ( b ) joint forced outward 

(often associated to lateral colateral ligament injury); ( c ) 
violent knee rotation with the foot fi xed (central pivot and 
menisci); ( d ) Hyperextension (multiple intra and extra 
articular injuries)       
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 compressive force between femoral and tibial 
articular heads (axial loading) can cause menis-
cus damage at a different extent [ 30 ]. Valgus 
impact with external rotation of the tibia might 
also cause a triad of injuries involving meniscal 
damage with associated medial collateral and 
ACL tears [ 20 ,  83 ]. Another typical movement is 
a sudden transition from knee’s hyperfl exion to 
full extension, catching the meniscus trapped 
between the femur and tibia [ 30 ].

   As aforementioned the lateral meniscus has 
a higher articular surface and is therefore more 
involved in absorption and load transmission. 
It is also more mobile and thus less susceptible 
to fracture as compared to the medial menis-
cus [ 55 ]. 

 The patient’s main complaints are usually 
knee pain and swelling. These are worse when 
the knee bears higher loads (e.g., when run-
ning). Another typical patient’s complaint is 
joint locking, with patients referring that they 
are unable to straighten the leg completely. This 
can be accompanied by a sense of “clicking.” 
Some patients also refer an impression of giving 
away [ 30 ]. 

 The patients can often remember a specifi c 
trauma, activity, or movement during which the 
meniscus injury occurred. Diagnosis must be pri-
marily based on clinical examination; however, 
MRI evaluation is often useful [ 80 ]. 

 Meniscus tears (Fig.  5.5 ) can be classifi ed in 
various ways: by anatomic location, by proximity 
to blood supply, etc. They can be referred as 
incomplete, complete, stable, or unstable [ 69 ]. 
Various tear patterns and confi gurations have 
been described [ 13 ,  40 ] (Table  5.1 ).

    The functional importance of these classifi-
cations, however, is to ultimately help sur-
geons determine whether a meniscus is 
repairable or not. 

 More recently, the ISAKOS classifi cation of 
meniscal tears has been developed for pooling 
of data from international clinical trials designed 
to evaluate the outcomes of treatment. The 
method has shown suffi cient interobserver 
 reliability [ 3 ]. 

 Several risk factors have been implicated in 
the etiology of either degenerative or acute 
meniscal tears, with some of these factors being 
potentially modifi able [ 85 ]. 

 There is moderate evidence that weight bear-
ing during trauma is an important risk factor for 
acute meniscal tears [ 29 ]. Sports activity appears 

a b c d

  Fig. 5.5    Arthroscopic images of: lateral meniscus 
bucket-handle tear ( blue arrow ) with the ACL visible (*) 
( a ), medial meniscus longitudinal peripheral tear ( b ), 

medial meniscus fl ap/parrot-beak tear ( c ), and 
degenerative, complex medial meniscus tear ( d )       

   Table 5.1    Type of meniscal tears   

 Type of lesion  Comment 
 Longitudinal 
lesion 

 Most frequent meniscal injuries 
 Represent 29 % of all medial 
lesions and 33 % of all lateral 
lesions [ 69 ] 

 Bucket-handle 
lesion 

 More common in the medial 
meniscus 
 A complete longitudinal lesion can 
progress to become a bucket- 
handle lesion 

 Oblique tears (or 
fl ap) 

 More frequent in the region 
between the mid-body and 
posterior segments of the meniscus 

 Complex lesions  Usually a consequence of repeated 
knee trauma 

 Radial lesions  More often originate from the free 
border to the meniscal periphery 

 Horizontal tears  Usually are degenerative lesions 

  Pellacci et al. [ 69 ]  
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to be a relevant risk factor in such lesions [ 6 ,  7 , 
 85 ]. Certain types of sports, described as contact 
sports, have been correlated with increased risk 
for meniscus tears. American football, basketball, 
soccer, baseball, and skiing in particular are the 
most  frequently involved in meniscal lesions, 
accounting for more than 1/3 of all cases [ 54 ]. 
However, despite its low-contact profi le, swim-
ming has also been identifi ed as risk factor for 
acute tears [ 7 ]. There is some evidence that run-
ning might also be considered as a risk factor 
[ 85 ]. Global joint laxity is another risk factor for 
meniscal tears [ 5 ]. These persons with higher risk 
should be included in pre-participation prevention 
programs [ 6 ]. 

 Delayed ACL repair for more than 12 months 
after the ACL injury determines an overall  odds 
ratio  of 3.50 for medial meniscal tears when 
compared to early ACL repair [ 85 ]. Conversely, 
minimal to no evidence was found for the 
period of time comprised between ACL injury 
and reconstruction surgery as a risk factor for 
lateral meniscus tears [ 85 ]. These fi ndings 
should be understood considering the above-
mentioned different roles of medial and lateral 
menisci within knee joint [ 57 ]. Moreover, a 
delay in surgical treatment is also associated 
with a higher incidence of medial meniscal 

tears in pediatric and adolescent populations 
[ 63 ]. Increased age and body mass index are 
independently associated with a higher rate of 
medial meniscus tears [ 21 ]. 

 Symptomatic horizontal meniscal tears 
(Fig.  5.6 ) in young patients are a rare entity and 
often correlate with severe meniscus injuries. It 
has been mostly considered as an overuse syn-
drome [ 76 ].

   Complete radial tears (Fig.  5.7 ) signifi cantly 
diminish the capacity to maintain hoop tension in 
the meniscus. However, the residual meniscus 
might continue to provide some load transmis-
sion and distribution functions across the joint 
[ 11 ]. Repair techniques for complete radial 
meniscal tears are focus of intense development 
and research [ 56 ].

   Meniscal root tears (MRTs) can either be trau-
matic or degenerative (Fig.  5.8 ). Traumatic MRTs 
are often combined with ACL tear, particularly on 
the lateral meniscus [ 9 ]. The disruption of colla-
gen fi bers, which provide hoop strength, eventu-
ally results in diminished biomechanical 
properties leading to meniscal extrusion [ 68 ]. In 
high-energy trauma causing acute tibial plateau 
fractures, depression of the joint line is a potential 
predictor of specifi c meniscal (and ligamentous) 
injuries [ 86 ].

a b c

  Fig. 5.6    MRI T2 images of: medial meniscus bucket-handle tear ( yellow arrows ) ( a ), lateral meniscus horizontal cleav-
age tear ( red arrow ) ( b ), and medial meniscus complete longitudinal peripheral tear ( blue arrow ) ( c )       
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5.4        Degenerative Meniscus 
Tears in Older Population 

 Meniscal lesions can occur very frequently in 
middle-aged and elderly patients [ 23 ]. Typical 
confi gurations of these tears are horizontal 
cleavages and/or fl ap/oblique tears involving the 
medial meniscal body and or injuries of the pos-
terior horn (Fig.  5.5d ). Most meniscal tears exist 
in persons without knee symptoms. Hence, 

meniscal tears are an extremely common inci-
dental fi nding on magnetic resonance imaging 
of the knee [ 23 ]. Most tears encountered in 
patients within this age group usually result 
from long-term degenerative changes. Such 
meniscal lesions might be implicated in joint 
swelling, joint line pain, and/or mechanical 
blocking [ 8 ,  23 ]. Among patients with clinical 
and radiographic fi ndings of osteoarthritis, the 
reported prevalence of meniscal lesions is 

a b

  Fig. 5.7    Complete radial tear of the lateral meniscus ( a ) and postoperative look after suture of the same radial tear 
combined with limited excision of tissue in the most avascular zone ( b )       

a b

  Fig. 5.8    Medial meniscus posterior root tear ( a ) and intraoperative look of sutures passed through the posterior root for 
subsequent reinsertion within a bone tunnel ( b )       
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 comprised between 68 and 90 % [ 26 ,  45 ]. This 
high correlation causes severe limitations for 
diagnostic and proper course of action. Only if 
the main pathology in a symptomatic knee is 
properly identifi ed, one can choose the most 
effective treatment. It is highly unlikely that the 
treatment of meniscal tears with partial menis-
cectomy is effective in the reduction of symp-
toms caused by global joint osteoarthritis [ 9 ]. 

 Meniscus repair in older people has been pro-
viding less promising outcome compared to 
younger age groups [ 8 ]. 

 One fact supporting such unfavorable out-
come is the degenerative etiology surrounding 
meniscal tears in such older patients, considering 
the previously referred changes in meniscus 
properties as well as the declining vasculariza-
tion of the aging meniscus [ 9 ,  54 ]. 

 The currently preferred surgical treatment for 
the majority of surgeons for treating symptom-
atic meniscus tears in older patients is meniscec-
tomy, either partial or total, depending on the 
degree of meniscal damage [ 23 ]. 

 Other risk factors associated with develop-
ment of degenerative lesions besides self-reported 
knee injury include the malalignment of the knee 
(the more loaded compartment) and the presence 
of signs of hand osteoarthritis [ 22 ]. This screen-
ing method of x-ray screening might be useful to 
identify systemic or potentially a common envi-
ronmental factor [ 22 ]. Occupational load also 
plays a role in the development of symptomatic 
meniscal tears [ 79 ]. 

 When a meniscus is damaged, the degenera-
tive processes leading to knee osteoarthritis dra-
matically increase, probably due to loss of 
meniscal function in load distribution and shock 
absorption. In elderly patients the presence of 
meniscal injury may often be considered as a sign 
of incipient osteoarthritis [ 22 – 25 ]. 

 The prevalence of meniscal tears increases with 
aging, ranging from 16 % in the knees in 50–59-year-
old women to over 50 % in the knees of men aged 
70–90 years [ 23 ]. Moreover, among elderly patients, 
it has been reported about 10 % of cases with partial 
destruction or complete absence of normal meniscal 
tissue [ 23 ]. This shall not be classifi ed as meniscal 
tear, but is a fi nding typically associated with radio-
graphic evidence of osteoarthritis [ 23 ]. 

 However, among elderly patients, most of 
meniscal tears do not cause knee symptoms as 
over 60 % of tears were seen in knees of subjects 
without knee pain, aching, or stiffness [ 23 ]. 
Hence, a meniscal tear is a common incidental 
fi nding when performing MR imaging of the 
knee in this population. However, having such 
meniscal damage on MRI has been associated 
with an almost sixfold increased odds ratio for 
development of radiographic knee osteoarthritis 
over 30 months [ 24 ]. 

 Another key issue besides its morphologic integ-
rity is the meniscus position within the knee joint 
once varying degrees of meniscal extrusion have 
been implicated after degenerative meniscus tears 
[ 48 ]. Meniscal extrusion of the meniscal body is 
more frequent in the osteoarthritic knee [ 32 ,  42 ,  87 ]. 
Moreover, meniscal extrusion lowers the coverage 
of the tibial surface and has been reported to be an 
important risk factor for cartilage loss [ 25 ,  38 ,  82 ] 
and joint space narrowing seen on conventional tib-
iofemoral radiographs [ 37 ,  39 ]. 

 In brief, injury mechanisms of degenerative 
meniscus tears are usually multifactorial. 
Assessment of joint alignment, aging changes in 
the meniscus tissue proper, and osteoarthritic 
joint environment must be considered besides 
any possible traumatic event.  

5.5     Meniscal Tears in Children 

 Meniscal lesions in children have different fea-
tures when compared to adult patients. In chil-
dren, most cases (>71 %) correspond to isolated 
meniscal lesions [ 4 ,  52 ,  77 ]. 

 The most frequent mechanism of meniscal 
injury in children is sports-related twisting of the 
knee. One possible predisposing factor for a 
small percentage of cases is the presence of a dis-
coid meniscus [ 46 ]. Diagnosis is based on medi-
cal history of the patient and clinical examination. 
If a meniscal tear is suspected, complementary 
imaging methods of diagnosis are often required. 
However, MRI has lower sensitivity and specifi c-
ity for diagnosing meniscal lesions in children 
compared to adults [ 58 ,  89 ]. 

 There is less knowledge available in literature 
concerning treatment of meniscal injuries in 
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children compared to adults. However, most 
studies reported that the overall success rate for 
meniscal repair in children appears to be at least 
similar to that observed in adults, especially for 
cases of isolated tears [ 2 ,  14 ,  64 ].      

   References 

    1.    Abraham AC, Edwards CR, Odegard GM, Donahue 
TL (2011) Regional and fi ber orientation dependent 
shear properties and anisotropy of bovine menis-
cus. J Mech Behav Biomed Mater 4(8):2024–2030. 
doi:  10.1016/j.jmbbm.2011.06.022      

    2.    Anderson AF (2003) Transepiphyseal replacement of 
the anterior cruciate ligament in skeletally immature 
patients. A preliminary report. J Bone Joint Surg Am 
85-A(7):1255–1263  

     3.    Anderson AF, Irrgang JJ, Dunn W, Beaufi ls P, Cohen M, 
Cole BJ, Coolican M, Ferretti M, Glenn RE Jr, Johnson 
R, Neyret P, Ochi M, Panarella L, Siebold R, Spindler 
KP, Ait Si Selmi T, Verdonk P, Verdonk R, Yasuda K, 
Kowalchuk DA (2011) Interobserver reliability of the 
International Society of Arthroscopy, Knee Surgery 
and Orthopaedic Sports Medicine (ISAKOS) classifi -
cation of meniscal tears. Am J Sports Med 39(5):926–
932. doi:  10.1177/0363546511400533      

    4.    Angel KR, Hall DJ (1989) The role of arthroscopy 
in children and adolescents. Arthroscopy J Arthrosc 
Relat Surg Off Publ Arthrosc Assoc North Am Int 
Arthrosc Assoc 5(3):192–196  

       5.    Baker BE, Peckham AC, Pupparo F, Sanborn JC 
(1985) Review of meniscal injury and associated 
sports. Am J Sports Med 13(1):1–4  

      6.    Baker P, Coggon D, Reading I, Barrett D, McLaren 
M, Cooper C (2002) Sports injury, occupational 
physical activity, joint laxity, and meniscal damage. 
J Rheumatol 29(3):557–563  

     7.    Baker P, Reading I, Cooper C, Coggon D (2003) Knee 
disorders in the general population and their relation 
to occupation. Occup Environ Med 60(10):794–797  

     8.    Barrett GR, Field MH, Treacy SH, Ruff CG (1998) 
Clinical results of meniscus repair in patients 40 years 
and older. Arthroscopy J Arthrosc Relat Surg Off 
Publ Arthrosc Assoc North Am Int Arthrosc Assoc 
14(8):824–829  

            9.    Beaufi ls P, Englund M, Järvinen TLN, Pereira H, Pujol 
N (2014) How to share guidelines in daily practice 
on meniscus repair, degenerate meniscal lesion, and 
meniscectomy. In: Zaffagnini S, Becker R, Kerkhoffs 
GMMJ, Espregueira-Mendes J, van Dijk CN (eds) 
ESSKA instructional course lecture book Amsterdam 
2014. Springer, Berlin/Heidelberg, pp 97–112  

    10.   Beaupre A, Choukroun R, Guidouin R, Garneau 
R, Gerardin H, Cardou A (1986) Knee menisci. 
Correlation between microstructure and biomechan-
ics. Clin Orthop Relat Res (208):72–75  

    11.    Bedi A, Kelly NH, Baad M, Fox AJ, Brophy RH, 
Warren RF, Maher SA (2010) Dynamic contact 
mechanics of the medial meniscus as a function of 
radial tear, repair, and partial meniscectomy. J Bone 
Joint Surg Am 92(6):1398–1408. doi:  10.2106/
JBJS.I.00539      

    12.    Bendjaballah MZ, Shirazi-Adl A, Zukor DJ (1997) 
Finite element analysis of human knee joint in varus- 
valgus. Clin Biomech (Bristol, Avon) 12(3):139–148  

 Take-Home Message 

 There are important differences in the 
medial and lateral meniscus concerning 
biology, anatomy, and biomechanics, 
which have a decisive role in different 
types of tears and epidemiologic features 
for both. Moreover, there are regional and 
segmental variations within each menis-
cus with implications in their function and 
subsequently in their injury and repair 
mechanisms. The menisci must oppose to 
compressive, tensile, and shear forces. 

 Several traumatic events with different 
combinations of forces have been enrolled 
in etiology of different types of meniscal 
tears. 

 Despite the previous, other factors such 
as age, joint alignment, body mass index, 
level of activity, and age also play a role on 
the pathophysiology of meniscus tears. 

 The degenerative meniscus tears in 
older populations result from a multifacto-
rial and complex combination of events 
and are usually diffi cult to separate from 
the global environment of a globally 
arthritic joint in many of the older patients. 
In addition, most degenerative tears that are 
found on MRI studies within these elder 
populations are asymptomatic. 

 This must be taken into account when 
preparing the treatment of such patients. 

 Meniscus injuries are rare in children 
and are mostly related to sports trauma, and 
in a small percentage of cases, a discoid 
meniscus might be implicated. 

 Growing insights from basic science 
studies promise to bring new insights for 
some diffi cult questions in the near future 
concerning this topic of physiopathology 
of meniscus injuries. 

5 Physiopathology of the Meniscal Lesions



58

    13.    Bernstein J (2010) In brief: meniscal tears. Clin 
Orthop Relat Res 468(4):1190–1192. doi:  10.1007/
s11999-010-1253-4      

    14.    Bloome DM, Blevins FT, Paletta GA Jr, Newcomer 
JK, Cashmore B, Turker R (2000) Meniscal repair in 
very young children. Arthroscopy J Arthrosc Relat 
Surg Off Publ Arthrosc Assoc North Am Int Arthrosc 
Assoc 16(5):545–549. doi:  10.1053/jars.2000.7676      

    15.    Bourne RB, Finlay JB, Papadopoulos P, Andreae P 
(1984) The effect of medial meniscectomy on strain 
distribution in the proximal part of the tibia. J Bone 
Joint Surg Am 66(9):1431–1437  

    16.    Brian D, Mackenzie WG, Shim SS, Leung G (1985) 
The vascular and nerve supply of the human meniscus. 
Arthroscopy J Arthroscopic Relat Surg 1(1):58–62  

      17.    Bullough PG, Munuera L, Murphy J, Weinstein 
AM (1970) The strength of the menisci of the knee 
as it relates to their fi ne structure. J Bone Joint Surg 
52(3):564–567  

    18.    Bursac P, Arnoczky S, York A (2009) Dynamic com-
pressive behavior of human meniscus correlates with 
its extra-cellular matrix composition. Biorheology 
46(3):227–237. doi:  10.3233/BIR-2009-0537      

    19.    Cengiz IF, Pereira H, Pego JM, Sousa N, Espregueira- 
Mendes J, Oliveira JM, Reis RL (2015) Segmental 
and regional quantifi cation of 3D cellular density of 
human meniscus from osteoarthritic knee. J Tissue 
Eng Regen Med. doi:  10.1002/term.2082    , Epub ahed 
of print  

    20.   Dacombe PJ (2013) Shelbourne’s update of the 
O’Donoghue knee triad in a 17-year-old male 
Rugby player. BMJ Case Rep. 2013. doi:  10.1136/
bcr.01.2012.5593      

    21.    Dumont GD, Hogue GD, Padalecki JR, Okoro N, 
Wilson PL (2012) Meniscal and chondral injuries 
associated with pediatric anterior cruciate ligament 
tears: relationship of treatment time and patient- 
specifi c factors. Am J Sports Med 40(9):2128–2133. 
doi:  10.1177/0363546512449994      

      22.    Englund M, Felson DT, Guermazi A, Roemer FW, 
Wang K, Crema MD, Lynch JA, Sharma L, Segal NA, 
Lewis CE, Nevitt MC (2011) Risk factors for medial 
meniscal pathology on knee MRI in older US adults: a 
multicentre prospective cohort study. Ann Rheum Dis 
70(10):1733–1739. doi:  10.1136/ard.2011.150052      

           23.    Englund M, Guermazi A, Gale D, Hunter DJ, Aliabadi 
P, Clancy M, Felson DT (2008) Incidental meniscal 
fi ndings on knee MRI in middle-aged and elderly per-
sons. N Engl J Med 359(11):1108–1115. doi:  10.1056/
NEJMoa0800777      

    24.    Englund M, Guermazi A, Roemer FW, Aliabadi P, 
Yang M, Lewis CE, Torner J, Nevitt MC, Sack B, 
Felson DT (2009) Meniscal tear in knees without 
surgery and the development of radiographic osteo-
arthritis among middle-aged and elderly persons: the 
Multicenter Osteoarthritis Study. Arthritis Rheum 
60(3):831–839. doi:  10.1002/art.24383      

     25.    Englund M, Guermazi A, Roemer FW, Yang M, Zhang 
Y, Nevitt MC, Lynch JA, Lewis CE, Torner J, Felson 
DT (2010) Meniscal pathology on MRI increases 

the risk for both incident and enlarging subchondral 
bone marrow lesions of the knee: the MOST Study. 
Ann Rheum Dis 69(10):1796–1802. doi:  10.1136/
ard.2009.121681      

    26.    Englund M, Niu J, Guermazi A, Roemer FW, Hunter 
DJ, Lynch JA, Lewis CE, Torner J, Nevitt MC, Zhang 
YQ, Felson DT (2007) Effect of meniscal damage 
on the development of frequent knee pain, aching, 
or stiffness. Arthritis Rheum 56(12):4048–4054. 
doi:  10.1002/art.23071      

     27.    Fayard JM, Pereira H, Servien E, Lustig S, Neyret P 
(2010) Meniscectomy global results-complications. 
The Meniscus, Springer-Verlag, Berlin Heidelberg. 
doi:  10.1007/978-3-642-02450-4      

      28.    Freutel M, Seitz AM, Galbusera F, Bornstedt A, 
Rasche V, Knothe Tate ML, Ignatius A, Durselen 
L (2014) Medial meniscal displacement and strain 
in three dimensions under compressive loads: 
MR assessment. J Magn Reson Imaging JMRI 
40(5):1181–1188. doi:  10.1002/jmri.24461      

    29.    Friden T, Erlandsson T, Zatterstrom R, Lindstrand A, 
Moritz U (1995) Compression or distraction of the 
anterior cruciate injured knee. Variations in injury pat-
tern in contact sports and downhill skiing. Knee Surg 
Sports Traumatol Arthrosc 3(3):144–147  

      30.    Frizziero A, Ferrari R, Giannotti E, Ferroni C, Poli 
P, Masiero S (2012) The meniscus tear. State of 
the art of rehabilitation protocols related to sur-
gical procedures. Muscles Ligaments Tendons 
J 2(4):295–301  

    31.    Fukubayashi T, Kurosawa H (1980) The contact area 
and pressure distribution pattern of the knee. A study 
of normal and osteoarthrotic knee joints. Acta Orthop 
Scand 51(6):871–879  

    32.    Gale DR, Chaisson CE, Totterman SM, Schwartz RK, 
Gale ME, Felson D (1999) Meniscal subluxation: 
association with osteoarthritis and joint space narrow-
ing. Osteoarthritis Cartilage 7(6):526–532  

      33.    Garrett WE Jr, Swiontkowski MF, Weinstein JN, 
Callaghan J, Rosier RN, Berry DJ, Harrast J, Derosa 
GP (2006) American board of orthopaedic surgery 
practice of the orthopaedic surgeon: part-II, certifi -
cation examination case mix. J Bone Joint Surg Am 
88(3):660–667. doi:  10.2106/JBJS.E.01208      

    34.    Guilak F, Butler DL, Goldstein SA, Baaijens FP 
(2014) Biomechanics and mechanobiology in func-
tional tissue engineering. J Biomech 47(9):1933–
1940. doi:  10.1016/j.jbiomech.2014.04.019      

    35.    Guo H, Maher SA, Spilker RL (2013) Biphasic 
fi nite element contact analysis of the knee joint 
using an augmented Lagrangian method. Med 
Eng Phys 35(9):1313–1320. doi:  10.1016/j.
medengphy.2013.02.003      

    36.    Gupte CM, Bull AM, Thomas RD, Amis AA (2003) 
The meniscofemoral ligaments: secondary restraints 
to the posterior drawer. Analysis of anteroposterior 
and rotary laxity in the intact and posterior-cruciate- 
defi cient knee. J Bone Joint Surg 85(5):765–773  

    37.    Hunter DJ, Buck R, Vignon E, Eckstein F, Brandt 
K, Mazzuca SA, Wyman BT, Otterness I, Hellio 

H. Pereira et al.



59

Le Graverand MP (2009) Relation of regional 
articular cartilage morphometry and meniscal posi-
tion by MRI to joint space width in knee radio-
graphs. Osteoarthritis Cartilage 17(9):1170–1176. 
doi:  10.1016/j.joca.2009.04.001      

    38.    Hunter DJ, Zhang YQ, Niu JB, Tu X, Amin S, Clancy 
M, Guermazi A, Grigorian M, Gale D, Felson DT 
(2006) The association of meniscal pathologic changes 
with cartilage loss in symptomatic knee osteoarthri-
tis. Arthritis Rheum 54(3):795–801. doi:  10.1002/
art.21724      

    39.    Hunter DJ, Zhang YQ, Tu X, Lavalley M, Niu JB, 
Amin S, Guermazi A, Genant H, Gale D, Felson DT 
(2006) Change in joint space width: hyaline articu-
lar cartilage loss or alteration in meniscus? Arthritis 
Rheum 54(8):2488–2495. doi:  10.1002/art.22016      

    40.    Jackson RW, Dandy DJ (1976) Arthroscopy of the 
knee. Grune Stratton, New York  

    41.    Kawahara Y, Uetani M, Fuchi K, Eguchi H, Hayashi 
K (1999) MR assessment of movement and morpho-
logic change in the menisci during knee fl exion. Acta 
Radiol 40(6):610–614  

    42.    Kenny C (1997) Radial displacement of the medial 
meniscus and Fairbank’s signs. Clin Orthop Relat Res 
339:163–173  

    43.    Killian ML, Lepinski NM, Haut RC, Haut Donahue TL 
(2010) Regional and zonal histo-morphological char-
acteristics of the lapine menisci. Anat Rec (Hoboken) 
293(12):1991–2000. doi:  10.1002/ar.21296      

     44.    Kim E, Kim YJ, Cha JG, Kim MY, Lee DH, Cho SG, 
Kim RS (2015) Kinematic change of the meniscus 
and the tibiofemoral joint space in asymptomatic 
volunteers using a wide bore 3T closed MRI system. 
Skeletal Radiol 44(10):1441–1451. doi:  10.1007/
s00256-015-2187-4      

    45.    Kornaat PR, Bloem JL, Ceulemans RY, Riyazi N, 
Rosendaal FR, Nelissen RG, Carter WO, Hellio Le 
Graverand MP, Kloppenburg M (2006) Osteoarthritis 
of the knee: association between clinical features and 
MR imaging fi ndings. Radiology 239(3):811–817. 
doi:  10.1148/radiol.2393050253      

    46.    Kramer DE, Micheli LJ (2009) Meniscal tears and 
discoid meniscus in children: diagnosis and treatment. 
J Am Acad Orthop Surg 17(11):698–707  

    47.    Lai JH, Levenston ME (2010) Meniscus and cartilage 
exhibit distinct intra-tissue strain distributions under 
unconfi ned compression. Osteoarthritis Cartilage 
18(10):1291–1299, http://dx.doi.org/  10.1016/j.
joca.2010.05.020      

    48.   Lee DH, Lee BS, Kim JM, et al. (2011) Predictors 
of degenerative medial meniscus extrusion: radial 
component and knee osteoarthritis. Knee Surg Sports 
Traumatol Arthrosc 19:222–229.  

    49.    Levy IM, Torzilli PA, Gould JD, Warren RF (1989) 
The effect of lateral meniscectomy on motion of the 
knee. J Bone Joint Surg Am 71(3):401–406  

     50.    Levy IM, Torzilli PA, Warren RF (1982) The effect of 
medial meniscectomy on anterior-posterior motion of 
the knee. J Bone Joint Surg Am 64(6):883–888  

    51.    Logerstedt DS, Snyder-Mackler L, Ritter RC, Axe MJ 
(2010) Knee pain and mobility impairments: meniscal 
and articular cartilage lesions. J Orthop Sports Phys 
Ther 40(6):A1–A35. doi:  10.2519/jospt.2010.0304      

    52.    Maffulli N, Chan KM, Bundoc RC, Cheng JC (1997) 
Knee arthroscopy in Chinese children and adolescents: 
an eight-year prospective study. Arthroscopy J Arthrosc 
Relat Surg Off Publ Arthrosc Assoc North Am Int 
Arthrosc Assoc 13(1):18–23  

    53.    Majewski M, Susanne H, Klaus S (2006) Epidemiology 
of athletic knee injuries: a 10-year study. Knee 
13(3):184–188. doi:  10.1016/j.knee.2006.01.005      

        54.    Makris EA, Hadidi P, Athanasiou KA (2011) The 
knee meniscus: structure-function, pathophysiology, 
current repair techniques, and prospects for regenera-
tion. Biomaterials 32(30):7411–7431. doi:  10.1016/j.
biomaterials.2011.06.037      

    55.    Masouros SD, McDermott ID, Amis AA, Bull AM 
(2008) Biomechanics of the meniscus-meniscal 
ligament construct of the knee. Knee Surg Sports 
Traumatol Arthrosc 16(12):1121–1132. doi:  10.1007/
s00167-008-0616-9      

    56.    Matsubara H, Okazaki K, Izawa T, Tashiro Y, Matsuda 
S, Nishimura T, Nakanishi Y, Kawamura H, Iwamoto 
Y (2012) New suture method for radial tears of the 
meniscus: biomechanical analysis of cross-suture 
and double horizontal suture techniques using cyclic 
load testing. Am J Sports Med 40(2):414–418. 
doi:  10.1177/0363546511424395      

        57.    McDermott ID, Masouros SD, Amis AA (2008) 
Biomechanics of the menisci of the knee. Curr 
Orthopaed 22:193–201  

    58.    McDermott MJ, Bathgate B, Gillingham BL, 
Hennrikus WL (1998) Correlation of MRI and 
arthroscopic diagnosis of knee pathology in children 
and adolescents. J Pediatr Orthop 18(5):675–678  

    59.    McDevitt CA, Webber RJ (1990) The ultrastructure 
and biochemistry of meniscal cartilage. Clin Orthop 
Relat Res 252:8–18  

    60.    McNulty AL, Estes BT, Wilusz RE, Weinberg JB, 
Guilak F (2010) Dynamic loading enhances integra-
tive meniscal repair in the presence of interleukin-1. 
Osteoarthritis Cartilage 18(6):830–838. doi:  10.1016/j.
joca.2010.02.009      

     61.    McNulty AL, Guilak F (2015) Mechanobiology 
of the meniscus. J Biomech 48(8):1469–1478. 
doi:  10.1016/j.jbiomech.2015.02.008      

    62.    Meakin JR, Shrive NG, Frank CB, Hart DA (2003) 
Finite element analysis of the meniscus: the infl uence 
of geometry and material properties on its behaviour. 
Knee 10(1):33–41  

    63.    Millett PJ, Willis AA, Warren RF (2002) Associated 
injuries in pediatric and adolescent anterior cruciate 
ligament tears: does a delay in treatment increase the 
risk of meniscal tear? Arthroscopy J Arthrosc Relat 
Surg Off Publ Arthrosc Assoc North Am Int Arthrosc 
Assoc 18(9):955–959  

    64.    Mintzer CM, Richmond JC, Taylor J (1998) Meniscal 
repair in the young athlete. Am J Sports Med 
26(5):630–633  

5 Physiopathology of the Meniscal Lesions



60

    65.    Nishimuta JF, Levenston ME (2012) Response of 
cartilage and meniscus tissue explants to in vitro 
compressive overload. Osteoarthritis Cartilage 
20(5):422–429. doi:  10.1016/j.joca.2012.01.004      

    66.    Noble J, Hamblen DL (1975) The pathology of 
the degenerate meniscus lesion. J Bone Joint Surg 
57(2):180–186  

    67.    Osawa A, Harner CD, Gharaibeh B, Matsumoto T, 
Mifune Y, Kopf S, Ingham SJ, Schreiber V, Usas A, Huard 
J (2013) The use of blood vessel-derived stem cells for 
meniscal regeneration and repair. Med Sci Sports Exerc 
45(5):813–823. doi:  10.1249/MSS.0b013e31827d1e06      

    68.    Papalia R, Vasta S, Franceschi F, D’Adamio S, 
Maffulli N, Denaro V (2013) Meniscal root tears: 
from basic science to ultimate surgery. Br Med Bull 
106:91–115. doi:  10.1093/bmb/ldt002      

      69.    Pellacci F, Zmerly H, Sacco G (1997) Anatomia pato-
logica dei menischi. J Sports Traum Relat Res 19:2–5  

        70.    Pereira H, Caridade SG, Frias AM, Silva-Correia 
J, Pereira DR, Cengiz IF, Mano JF, Oliveira JM, 
Espregueira-Mendes J, Reis RL (2014) Biomechanical 
and cellular segmental characterization of human 
meniscus: building the basis for Tissue Engineering 
therapies. Osteoarthritis Cartilage 22(9):1271–1281. 
doi:  10.1016/j.joca.2014.07.001      

   71.    Pereira H, Frias AM, Oliveira JM, Espregueira- 
Mendes J, Reis RL (2011) Tissue engineering 
and regenerative medicine strategies in meniscus 
lesions. Arthroscopy J Arthrosc Relat Surg Off Publ 
Arthrosc Assoc North Am Int Arthrosc Assoc 27(12):
1706–1719. doi:  10.1016/j.arthro.2011.08.283      

    72.    Pereira H, Silva-Correia J, Oliveira JM, Reis RL, 
Espregueira-Mendes J (2013) Future trends in the treat-
ment of meniscus lesions: from repair to regeneration. 
In: Verdonk R, Espregueira-Mendes J, Monllau JC 
(eds) Meniscal transplantation. Springer, Heidelberg/
New York/Dordrecht/London, pp 103–114  

      73.    Pereira H, Silva-Correia J, Oliveira JM, Reis RL, 
Espregueira-Mendes J (2013) The meniscus: basic 
science. In: Verdonk R, Espregueira-Mendes J, 
Monllau JC (eds) Meniscal transplantation. Springer, 
Heidelberg/New York/Dordrecht/London, pp 7–14  

     74.    Poulsen MR, Johnson DL (2011) Meniscal injuries in 
the young, athletically active patient. Phys Sportsmed 
39(1):123–130. doi:  10.3810/psm.2011.02.1870      

    75.    Proffen BL, McElfresh M, Fleming BC, Murray MM 
(2012) A comparative anatomical study of the human 
knee and six animal species. Knee 19(4):493–499. 
doi:  10.1016/j.knee.2011.07.005      

    76.    Pujol N, Bohu Y, Boisrenoult P, Macdes A, Beaufi ls 
P (2013) Clinical outcomes of open meniscal repair 
of horizontal meniscal tears in young patients. Knee 
Surg Sports Traumatol Arthrosc 21(7):1530–1533. 
doi:  10.1007/s00167-012-2099-y      

    77.    Robert M, Gouault E, Moulies D, Alain JL (1986) 
Meniscal lesions in the child athlete. Acta Orthop 
Belg 52(1):72–80  

     78.    Ruiz-Iban MA, Diaz-Heredia J, Elias-Martin 
E, Moros-Marco S, Cebreiro Martinez Del 
Val I (2012) Repair of meniscal tears associ-

ated with tibial plateau fractures: a review of 
15 cases. Am J Sports Med 40(10):2289–2295. 
doi:  10.1177/0363546512457552      

    79.   Rytter S, Jensen LK, Bonde JP, Jurik AG, Egund N 
(2009) Occupational kneeling and meniscal tears: a 
magnetic resonance imaging study in fl oor layers. The 
Journal of rheumatology 36:1512–1519  

    80.    Ryzewicz M, Peterson B, Siparsky PN, Bartz RL 
(2007) The diagnosis of meniscus tears: the role of 
MRI and clinical examination. Clin Orthop Relat Res 
455:123–133. doi:  10.1097/BLO.0b013e31802fb9f3      

     81.    Salata MJ, Gibbs AE, Sekiya JK (2010) A systematic 
review of clinical outcomes in patients undergoing 
meniscectomy. Am J Sports Med 38(9):1907–1916. 
doi:  10.1177/0363546510370196      

    82.    Sharma L, Eckstein F, Song J, Guermazi A, Prasad 
P, Kapoor D, Cahue S, Marshall M, Hudelmaier M, 
Dunlop D (2008) Relationship of meniscal damage, 
meniscal extrusion, malalignment, and joint laxity 
to subsequent cartilage loss in osteoarthritic knees. 
Arthritis Rheum 58(6):1716–1726. doi:  10.1002/
art.23462      

    83.    Shelbourne KD, Nitz PA (1991) The O’Donoghue 
triad revisited. Combined knee injuries involving 
anterior cruciate and medial collateral ligament tears. 
Am J Sports Med 19(5):474–477  

    84.    Smith CD, Masouros S, Hill AM, Wallace AL, Amis 
AA, Bull AMJ (2008) Mechanical testing of intra- 
articular tissues. Relating experiments to physiologi-
cal function. Curr Orthopaed 22:341–348  

        85.    Snoeker BA, Bakker EW, Kegel CA, Lucas C (2013) 
Risk factors for meniscal tears: a systematic review 
including meta-analysis. J Orthop Sports Phys Ther 
43(6):352–367. doi:  10.2519/jospt.2013.4295      

    86.    Spiro AS, Regier M, Novo de Oliveira A, Vettorazzi 
E, Hoffmann M, Petersen JP, Henes FO, Demuth 
T, Rueger JM, Lehmann W (2013) The degree of 
articular depression as a predictor of soft-tissue 
injuries in tibial plateau fracture. Knee Surg Sports 
Traumatol Arthrosc 21(3):564–570. doi:  10.1007/
s00167-012-2201-5      

    87.    Sugita T, Kawamata T, Ohnuma M, Yoshizumi Y, Sato 
K (2001) Radial displacement of the medial meniscus 
in varus osteoarthritis of the knee. Clin Orthop Relat 
Res 387:171–177  

    88.    Sweigart MA, Athanasiou KA (2001) Toward tis-
sue engineering of the knee meniscus. Tissue Eng 
7(2):111–129. doi:  10.1089/107632701300062697      

    89.    Takeda Y, Ikata T, Yoshida S, Takai H, Kashiwaguchi 
S (1998) MRI high-signal intensity in the menisci 
of asymptomatic children. J Bone Joint Surg 
80(3):463–467  

    90.    van Dijk CN, Reilingh ML, Zengerink M, van Bergen 
CJ (2010) Osteochondral defects in the ankle: why 
painful? Knee Surg Sports Traumatol Arthrosc 
18(5):570–580. doi:  10.1007/s00167-010-1064-x      

         91.    Vedi V, Williams A, Tennant SJ, Spouse E, Hunt DM, 
Gedroyc WMW (1999) Meniscal movement. An in-
vivo study using dynamic MRI. J Bone Joint Surg B 
81(1):37–41. doi:  10.1302/0301-620X.81B1.8928      

H. Pereira et al.



61

    92.    Verdonk PC, Forsyth RG, Wang J, Almqvist KF, 
Verdonk R, Veys EM, Verbruggen G (2005) 
Characterisation of human knee meniscus cell phenotype. 
Osteoarthritis Cartilage 13(7):548–560. doi:  10.1016/j.
joca.2005.01.010    , S1063- 4584(05)00050-6 [pii]  

    93.    Verdonk R (2011) The meniscus: past, present 
and future. Knee Surg Sports Traumatol Arthrosc 
19(2):145–146. doi:  10.1007/s00167-010-1333-8      

    94.    Walker PS, Hajek JV (1972) The load-bearing area in 
the knee joint. J Biomech 5(6):581–589      

5 Physiopathology of the Meniscal Lesions


	Foreword
	Foreword Surgery Meniscus Book
	Preface
	Contents
	Part I: Meniscus Basic Science
	1: Knee Meniscal Phylogeny and Ontogeny
	1.1	 Introduction
	1.2	 Knee and Meniscal Phylogeny
	1.3	 Meniscal Ontogeny
	1.4	 The Particular Case of Discoid Meniscus
	 Conclusion
	References

	2: Anatomy and Vascularisation
	2.1	 Medial Meniscus
	2.1.1	 Overview
	2.1.2	 Zone 1
	2.1.3	 Zone 2
	2.1.4	 Zone 3
	2.1.5	 Zone 4
	2.1.6	 Zone 5

	2.2	 Connections Between the Medial and the Lateral Meniscus
	2.3	 Lateral Meniscus
	2.3.1	 Anterior Root
	2.3.2	 Hiatus Popliteus
	2.3.3	 Menisco-femoral Ligaments
	2.3.4	 Posterior Root

	2.4	 Vascularisation
	References

	3: Histology-Ultrastructure-Biology
	3.1	 Introduction
	3.2	 Overview of the Anatomy and Biomechanics
	3.3	 Ultrastructure, Cells, and Extracellular Matrix
	3.4	 Vascularity and Innervation
	3.5	 From Biology to Repair and Replacement
	 Conclusion
	References

	4: Physiology: Biomechanics
	4.1	 Introduction
	4.2	 Morphology
	4.3	 Material Properties of Meniscal Tissue
	4.3.1	 Tensile Material Properties
	4.3.2	 Compressive Material Properties

	4.4	 Ligaments
	4.4.1	 Meniscotibial Ligaments
	4.4.2	 Meniscofemoral Ligaments
	4.4.3	 The Deep Medial Collateral Ligament (dMCL)
	4.4.4	 The Anterior Inter-meniscal Ligament

	4.5	 Functional Biomechanics of the Menisci
	4.5.1	 Load Distribution
	4.5.2	 Stability
	4.5.3	 Meniscal Motion During Knee Flexion

	 Conclusion
	References

	5: Physiopathology of the Meniscal Lesions
	5.1	 Introduction
	5.2	 Anatomy, Biology, and Biomechanics: Relevance on Meniscal Injuries
	5.3	 Traumatic Meniscus Injuries in Younger Population
	5.4	 Degenerative Meniscus Tears in Older Population
	5.5	 Meniscal Tears in Children
	References

	6: Meniscus Basic Science: Synthesis

	Part II: Classification Meniscal Lesions
	7: Traumatic Meniscal Lesions
	7.1	 Introduction: Traumatic Versus Degenerative Meniscal Tears
	7.2	 Classification of the Meniscal Tears
	7.2.1	 Radial Tears
	7.2.2	 Flap or Parrot-Beak Tears
	7.2.3	 Peripheral, Longitudinal Tears
	7.2.4	 Bucket-Handle Tears
	7.2.5	 Horizontal Cleavage Tears
	7.2.6	 Complex, Degenerative Tears
	7.2.7	 Meniscal Root Lesions (MRTs)

	7.3	 International Classification of Meniscal Tears
	7.3.1	 Tear Depth
	7.3.2	 Rim Width
	7.3.3	 Radial Location
	7.3.4	 Tear Pattern and Treatment

	7.4	 Traumatic Meniscal Lesion in ACL-Deficient Knee
	7.4.1	 Symptomatic Anterior Laxity of the Knee (Functional Instability) in a High-Demand Sports-Active Person
	7.4.2	 Anterior Laxity of the Knee Associated with Minor Symptoms in an Active Individual in Low-Demand Sports Activities
	7.4.3	 Meniscal Repair or Leave the Meniscal Tear Alone Without Treatment

	References

	8: Degenerative Meniscus Lesions, Cartilage Degeneration, and Osteoarthritis of the Knee
	8.1	 Etiology and Pathogenesis of Degenerative Meniscus Lesions
	8.2	 The Definition of a  Degenerative Meniscal Lesion at Arthroscopy or Magnetic Resonance Imaging
	8.3	 The Prevalence of Degenerative Meniscal Lesions
	8.4	 Degenerative Meniscal Lesions and Knee Symptoms
	8.5	 The Consequences in the Knee by a  Degenerative Meniscal Lesion
	8.6	 Knee Osteoarthritis
	8.7	 The Association Between Degenerative Meniscus Lesions and Osteoarthritis
	8.8	 Imaging Assessment of the Degenerate (Osteoarthritis) Knee: Role of Knee Radiographs
	8.9	 Imaging Assessment for the Degenerate Knee and Osteoarthritis: Role of Magnetic Resonance Imaging
	References

	9: Hidden Lesions and Root Tears
	9.1	 Arthroscopic All-Inside Suture Repair of Medial Meniscus Lesion in Anterior Cruciate Ligament-Deficient Knees
	9.1.1	 Introduction
	9.1.2	 Classification
	9.1.3	 Surgical Technique
	9.1.4	 Authors’ Clinical Outcomes

	9.2	 Arthroscopic All-Inside Repair for Lateral Meniscus Root Tear in Patients Undergoing Concomitant Anterior Cruciate Ligament Reconstruction
	9.2.1	 Introduction
	9.2.2	 Classification of the LMPH Root Tear
	9.2.3	 Surgical Technique
	9.2.4	 Authors’ Clinical Outcomes

	9.3	 Arthroscopic Meniscus Root Re-fixation Technique Using a Modified Mason-Allen Stitch
	9.3.1	 Introduction
	9.3.2	 Surgical Technique

	References

	10: Meniscal Lesions in Children: Classification, Discoid Meniscus, Traumatic Lesions
	10.1	 Introduction
	10.2	 Tears and Normal Meniscus
	10.2.1	 Generalities
	10.2.2	 Description of the Tears
	10.2.2.1	 According to the Vascularization of the Meniscus
	10.2.2.2	 According to the Type of Tear
	10.2.2.3	 According to the Stability of the Knee


	10.3	 Meniscal Tears and  Morphological Meniscal Anomaly
	10.3.1	 Discoid Meniscus
	10.3.2	 Lateral Hypermobile Meniscus

	 Conclusion
	References

	11: Discoid Meniscus: Histology
	References

	12: Classification of Meniscal Lesions: Synthesis

	Part III: Preoperative Clinical Examination and Imaging
	13: Clinical Examination, Standard X-Rays
	13.1	 Introduction
	13.2	 Clinical Examination
	13.2.1	 Anamnesis
	13.2.2	 General Clinical Examination of the Knee
	13.2.3	 Tests Commonly Used to Assess Meniscal Lesions
	13.2.3.1	 Joint Line Tenderness
	13.2.3.2	 McMurray’s Test
	13.2.3.3	 Apley’s Test
	13.2.3.4	 Thessaly’s Test
	13.2.3.5	 Steinmann I Test
	13.2.3.6	 Ege’s Test
	13.2.3.7	 Childress’ Sign (Squat Test)
	13.2.3.8	 Payr’s Test
	13.2.3.9	 Bohler’s Test
	13.2.3.10	 Combination of Different Tests


	13.3	 Standard X-Rays
	References

	14: Preoperative MR Imaging of the Meniscus
	14.1	 Introduction
	14.2	 Imaging Technique
	14.3	 Meniscal Tears
	14.4	 Imaging Pitfalls
	14.5	 Classification of Meniscal Tears
	14.5.1	 Longitudinal Tear
	14.5.2	 Radial Tear
	14.5.3	 Parrot-Beak Tear
	14.5.4	 Horizontal Tear
	14.5.5	 Bucket-Handle Tear
	14.5.6	 Flipped Meniscal Tear
	14.5.7	 Complex Tear
	14.5.8	 Root Tear

	14.6	 Meniscal Degeneration
	References

	15: Meniscus Ultrasound
	15.1	 Introduction
	15.1.1 MRI Verses MSU

	15.2	 Imaging Assessment Meniscus
	15.2.1 Radiographs
	15.2.2 Ultrasound
	15.2.3 Probes

	15.3	 Knee Ultrasound Equipment and Setup
	15.3.1 Meniscus Scanning Positions

	15.4	 History of Meniscus Ultrasound
	15.5	 Normal Meniscus
	15.5.1 Lateral Meniscus Vascularization

	15.6	 Conditions Suggesting Pathology
	15.6.1 Lateral Posterior Popliteal Recessus

	15.7	 Meniscus Pathology
	15.7.1 Meniscus Tear
	15.7.2 Meniscus Flap Tear
	15.7.3 Anterior Horn Dislocation of the Medial Meniscus
	15.7.4 Meniscus Bucket Handle
	15.7.5 Hidden Lesions

	15.8	 Meniscus Combined Lesions
	15.8.1 Meniscus and Anterior Cruciate Ligament Instability
	15.8.2 Meniscus Follow-Up in ACL-­Deficient Knees

	15.9	 Meniscus Repair
	15.9.1 Ultrasound for Meniscal Repair
	15.9.2 Meniscus Spontaneous Healing
	15.9.3 Meniscus Reparability
	15.9.4 Meniscus Repair
	15.9.5 Acute Lesions

	15.10	 Specific Conditions
	15.10.1 Meniscus Degeneration
	15.10.2 Meniscus Chondrocalcinosis
	15.10.3 Meniscus Extrusion
	15.10.4 Meniscus Cyst
	15.10.5 Discoid Meniscus

	15.11	 Complications or Prolonged Symptoms After Surgery
	References

	16: SPECT/CT Imaging of the Meniscus and Cartilage: What Does It Offer?
	16.1	 Introduction
	16.2	 Basics about SPECT/CT Imaging
	16.3	 Current and Potential Use of SPECT/CT
	16.3.1	 Meniscus
	16.3.2	 Cartilage
	16.3.3	 OA

	 Conclusion
	References

	17: Synthesis: Differences Between Traumatic and Degenerative Meniscal Lesions
	17.1	 Introduction
	17.2	 Clinical Examination
	17.3	 MRI
	17.4	 Relationship Between Clinical Symptoms and MRI
	17.5	 Radiographs
	17.6	 Histology
	 Conclusion
	References

	18: Synthesis

	Part IV: Surgical Technique
	19: Arthroscopy of the Normal Meniscus
	19.1	 Introduction
	19.2	 Medial Meniscus
	19.2.1	 Anterior Horn
	19.2.2	 Distal Insertion of the ACL
	19.2.3	 Body of the Meniscus
	19.2.4	 Deep MCL: Meniscotibial and Meniscofemoral Ligaments
	19.2.5	 Posterior Horn

	19.3	 Intermeniscal Ligament
	19.4	 Lateral Meniscus
	19.4.1	 Anterior Horn
	19.4.2	 Midbody of the Meniscus
	19.4.3	 Popliteus Tendon
	19.4.4	 Popliteomeniscal Fasciculi
	19.4.5	 Meniscofemoral Ligaments: Humphrey and Wrisberg Ligaments

	19.5	 Posterior Horn
	 Conclusion
	References

	20: Meniscectomy Medial: Lateral
	20.1	 Introduction
	20.2	 Indication for Surgery
	20.3	 Surgical Preparation and Patient Positioning
	20.4	 Diagnostic Arthroscopy and Portal Placement
	20.5	 Surgical Strategy During Medial Meniscectomy
	20.6	 Pitfalls During Meniscectomy
	20.7	 Specific Features to Lateral Meniscectomy
	20.7.1	 Approaches
	20.7.2	 Technical Features to Lateral Meniscectomies
	20.7.3	 Treatment of Vertical Radial Lesions
	20.7.4	 Treatment of a Lateral Meniscal Flap
	20.7.5	 Treatment of Horizontal Cleavage
	20.7.6	 Treatment of Meniscal Cyst
	20.7.7	 Treatment of Discoid Meniscus
	20.7.8	 Indications for Lateral Meniscectomy

	20.8	 Termination of the Procedure
	20.9	 Complications
	20.10	 Postoperative Regimen and Rehabilitation
	 Conclusion
	References

	21: Biomechanics of Meniscal Repair
	21.1	 Introduction
	21.2	 Meniscus Biomechanical Considerations
	21.3	 Meniscus Repair: Results
	21.4	 Sutures: Methods and Devices
	21.5	 Biomechanical Testing
	21.6	 Biomechanical Studies: Current Knowledge
	21.7	 Biomechanical Studies: Limitations
	References

	22: Meniscus Repair: Updated Techniques (Open and Arthroscopic)
	22.1	 Introduction
	22.2	 Arthroscopic Assessment
	22.3	 Debridement/Abrasion
	22.4	 Suture Placement
	22.5	 Fixation by All-Inside Devices
	22.6	 Inside-Out Technique
	22.7	 Outside-In Technique
	22.8	 Posteromedial Sutures for Meniscocapsular Lesions of the Medial Meniscus
	22.8.1	 General Principles
	22.8.2	 Surgical Technique

	22.9	 Open Meniscus Repair for Horizontal Cleavage in Young Patients
	22.9.1	 General Principles
	22.9.2	 Surgical Technique

	 Conclusion
	References

	23: Meniscal Repair: Enhancement of Healing Process
	23.1	 Introduction
	23.2	 Vascular Access Channel, Trephination, and Abrasion
	23.3	 Fibrin Glue and Fibrin Clot
	23.4	 Growth Factors and Platelet-­Rich Plasma
	23.5	 Synovial Flaps
	23.6	 Mesenchymal Stem Cells
	 Conclusion
	References

	24: Meniscal Cysts
	24.1	 Introduction
	24.2	 Etiology and Pathology of Meniscal Cysts
	24.3	 Incidence of Meniscal Cysts
	24.4	 Clinical Evaluation and Diagnostic
	24.5	 Treatment of Meniscal Cysts
	24.5.1	 Conservative Treatment
	24.5.2	 Surgical Treatment

	24.6	 Results
	 Conclusion
	References

	25: Discoid Meniscus and Meniscoplasty in Children
	25.1	 Introduction
	25.2	 Novel MRI Classification
	25.3	 Arthroscopic Partial Meniscectomy with Repair of the Peripheral Tear for Discoid Lateral Meniscus in Children
	25.3.1	 Diagnostic Arthroscopic Examination
	25.3.2	 Partial Central Meniscectomy
	25.3.3	 Meniscus Suture Repair for Peripheral Tears
	25.3.4	 The Modified Outside-In Technique for Tears from the Anterior Horn to the Posterolateral Corner
	25.3.5	 The Modified All-Inside Technique for Posterior Horn Tears
	25.3.6	 Postoperative Care

	References

	26: Repair in Children
	26.1	 Introduction
	26.2	 Diagnosis
	26.3	 Indications for Repair
	26.3.1	 Lesions Types
	26.3.2	 Rationale for Repair
	26.3.2.1	 Blood Supply
	26.3.2.2	 Age of the Lesion


	26.4	 Principles of Repair
	26.4.1	 Inside-Out Sutures
	26.4.2	 Outside-In Sutures
	26.4.3	 All-Inside Sutures

	26.5	 Repair Technique According to the Type of Lesion
	26.5.1	 Vertical Tears
	26.5.2	 Horizontal Tears and Meniscal Cysts
	26.5.3	 Meniscal Horn Avulsion
	26.5.4	 Radial Tears
	26.5.5	 Meniscal Substitution (Actifit®)

	26.6	 Postoperative Course
	26.7	 Results
	 Conclusion
	References

	27: Rehabilitation and Return to Sport
	27.1	 Introduction
	27.2	 Scientific Background (The State of Art in Meniscus Rehabilitation and Return to Sport)
	27.2.1	 Progressive Knee Motion
	27.2.2	 Progressive Weight-Bearing
	27.2.3	 Return to Activity

	27.3	 Rehabilitation Strategies
	27.3.1	 Organizational Principles
	27.3.2	 Clinical Principles

	27.4	 First Step: Walking Without Crutches
	27.4.1	 Criteria to Be Achieved
	27.4.2	 Specific Interventions

	27.5	 Second Step: When Running on a Treadmill
	27.5.1	 Criteria to Be Achieved
	27.5.2	 Specific Interventions

	27.6	 Third Step: When Starting On-Field Rehabilitation
	27.6.1	 Criteria to Be Achieved
	27.6.2	 Specific Interventions

	27.7	 Fourth Step: When Return to the Team
	27.7.1	 Criteria to Be Achieved
	27.7.2	 Specific Interventions

	27.8	 Considerations and Precautions According to the Type of Surgery
	 Conclusion
	References

	28: Partial Meniscectomy and Meniscal Suture: Graft Rehabilitation Guidelines
	28.1	 Guidelines for Partial Meniscectomy
	28.2	 Phase 1
	28.2.1	 1–2 Postoperative Weeks
	28.2.1.1	 Goals
	28.2.1.2	 Precautions/Contraindications
	28.2.1.3	 Exercise Program
	At Home
	Physiotherapy


	28.2.2	 3–4 Postoperative Weeks
	28.2.2.1	 Goals
	28.2.2.2	 Precautions/Contraindications
	28.2.2.3	 Exercise Program
	At Home
	Physiotherapy



	28.3	 Phase 2
	28.3.1	 5–6 Postoperative Weeks
	28.3.1.1	 Goals
	28.3.1.2	 Precautions/Contraindications
	28.3.1.3	 Exercise Program
	At Home
	Physiotherapy


	28.3.2	 7–8 Postoperative Weeks
	28.3.2.1	 Goals
	28.3.2.2	 Precautions/Contraindications
	28.3.2.3	 Exercise Program
	At Home
	Physiotherapy



	28.4	 Guideline for Meniscal Suture/Meniscal Graft
	28.5	 Phase 3
	 Conclusion
	References

	29: Synthesis
	29.1	 Introduction
	29.2	 Lesion Left In Situ
	29.3	 Meniscus Repair
	29.4	 Meniscectomy
	29.5	 Meniscal Lesions in Children (Repair, Discoid Meniscus)
	29.6	 Meniscal Cysts/Horizontal Cleavage of the Meniscus in the Young Athlete
	29.7	 Rehabilitation
	 Conclusion
	References


	Part V: Postoperative Evaluation
	30: Functional and Objective Scores: Quality of Life
	30.1	 Chapter Structure
	References

	31: Postoperative Imaging of the Meniscus
	31.1	 Introduction
	31.2	 Partial Meniscectomy and Meniscal Repair
	31.3	 Meniscus Allograft Transplantation
	References

	32: Synthesis

	Part VI: Results
	33: Posterior Horn Plus Pars Intermedia Bucket-Handle Tear Resection: Long-Term Outcome and Complications
	33.1	 Introduction
	33.2	 Bucket-Handle Tear
	33.3	 Long-Term Outcome and Complications After Bucket-Handle Tear Resection (Posterior Horn Plus Pars Intermedia)
	33.3.1	 Bucket-Handle Tears Resection: Surgical Technique
	33.3.2	 Long-Term Outcome and Complications

	 Conclusion
	References

	34: Results of Lateral Meniscectomy
	34.1	 Introduction
	34.2	 Effects of Meniscectomy
	34.3	 Clinical and Radiographic Results of Arthroscopic Partial Lateral Meniscectomy
	34.3.1	 Short- to Mid-Term Follow-Up
	34.3.2	 Long-Term Follow-Up

	34.4	 Failures
	 Conclusion
	References

	35: Meniscal Repair: Intra- and Postoperative Complications
	35.1	 Introduction
	35.2	 Intraoperative Complications
	35.2.1	 Neurologic Complications
	35.2.1.1	 Saphenous Nerve Injuries
	35.2.1.2	 Peroneal Nerve Injuries

	35.2.2	 Vascular Complication
	35.2.3	 Medial Collateral Ligament Sprain and Cartilage Lesion

	35.3	 Postoperative Complications
	35.3.1	 Nonspecific Complications
	35.3.1.1	 Deep Venous Thrombosis (DVT)
	35.3.1.2	 Arthrofibrosis and Type 1 Complex Regional Pain Syndrome
	35.3.1.3	 Infection

	35.3.2	 Specific Complication Related to the Meniscal Repair
	35.3.2.1	 Mechanical Symptoms Related to the Fixation Devices
	35.3.2.2	 Meniscal Cyst Formation
	35.3.2.3	 Aseptic Synovitis
	35.3.2.4	 Cartilage Damage


	35.4	 Discussion
	 Conclusion
	References

	36: Meniscal Repair: Results
	36.1	 Meniscal Repair: Short-Term Results (Clinical Outcomes and Imaging)
	36.1.1	 Introduction
	36.1.2	 Meniscus Repair: Short-Term Clinical Outcomes
	36.1.2.1	 Difference Between Techniques
	36.1.2.2	 Medial Versus Lateral Meniscus
	36.1.2.3	 Time from Injury to Surgery
	36.1.2.4	 ACL Reconstruction
	36.1.2.5	 High-Level Sports

	36.1.3	 Failures
	36.1.4	 Trends in Meniscal Repair Practice
	36.1.5	 Short-Term Imaging
	36.1.5.1	 Short-Term Imaging Features
	36.1.5.2	 Short-Term Imaging Outcomes and Second-Look Arthroscopy

	36.1.6	 Outcomes of Meniscal Repair of Horizontal Cleavage Tears
	36.1.7	 Summary

	36.2	 Meniscal Repair: Long-Term Results (Clinical Outcomes and Imaging)
	36.2.1	 Introduction
	36.2.2	 Meniscus Repair Long-Term Results
	36.2.3	 Radiological Long-Term Results
	36.2.4	 Meniscus Repair in the Elite Athlete
	36.2.5	 Meniscus Repair and Concomitant ACL Reconstruction
	36.2.6	 Summary

	References

	37: Discoid Meniscus. Meniscus Lesions in Children: Indications and Results
	37.1	 Introduction
	37.2	 Origin and Ultrastructure
	37.3	 Diagnosis
	37.4	 Treatment
	37.5	 Results
	37.6	 Summary
	References

	38: Synthesis

	Part VII: Indications: Adults
	39: Traumatic Lesions in a Stable Knee: Masterly Neglect - Meniscectomy - Repair
	39.1	 Introduction
	39.2	 Basic Science
	39.3	 Patient History
	39.4	 Physical Examination
	39.5	 Imaging
	39.6	 Arthroscopy
	39.7	 Treatment Strategies
	39.7.1	 Conservative Treatment
	39.7.2	 Surgical Treatment
	39.7.2.1	 Meniscectomy
	39.7.2.2	 Repair
	39.7.2.3	 Evaluation of the Lesion and Decision Making


	 Conclusion
	References

	40: Meniscal Traumatic Lesions in ACL-Deficient Knee: Masterly Neglect, Repair, or Meniscectomy
	40.1	 Introduction
	40.2	 Masterly Neglect
	40.3	 Meniscal Repair
	40.4	 Meniscectomy
	40.5	 Meniscus Replacement
	 Conclusion
	References

	41: Degenerative Meniscal Lesions: Indications
	41.1	 Classification
	41.2	 Frequency
	41.3	 Assessing a DML
	41.4	 Treatment
	41.4.1	 Functional Treatment or Arthroscopic Meniscectomy?
	41.4.2	 Functional Treatment: What Does It Mean?
	41.4.3	 Partial or Subtotal Meniscectomy: Which Outcomes?
	41.4.3.1	 What Is the Risk of Osteoarthritis After APM?


	41.5	 Algorithm
	 Conclusion
	References

	42: Arthroscopic and Supplementation Therapy in Osteoarthritis of the Knee
	42.1	 Introduction
	42.2	 Arthroscopic Therapy
	42.2.1	 Lavage
	42.2.2	 Debridement

	42.3	 Supplementation
	42.3.1	 Intra-articular Viscosupplementation
	42.3.2	 Oral Supplements and Medication

	 Conclusion
	References

	43: Indications in Meniscus Surgery: Synthesis
	43.1	 Traumatic Lesions
	43.2	 Degenerative Meniscal Lesions
	References


	Part VIII: Post-meniscectomized Knee
	44: Postoperative Osteonecrosis of the Knee: Incidence, Diagnosis, Management and Results
	44.1	 Introduction
	44.2	 Incidence and Epidemiology in ONPK
	44.3	 Physiopathology
	44.4	 Patient History, Physical Examination and Differential Diagnosis
	44.5	 Diagnosis of ONPK and Imaging Findings
	44.5.1	 Absence of Osteonecrosis on Preoperative Imaging
	44.5.2	 Timely Association Between MRI Signal Changes Following Arthroscopy
	44.5.3	 Imaging Findings and Classification

	44.6	 Histologic Findings
	44.7	 Blood Markers
	44.8	 Natural History and Prognostic Factors of ONPK
	44.9	 Treatment Options
	 Conclusion
	References

	45: Concepts in Managing the Patient with Post-meniscectomy Knee Pain
	45.1	 Introduction
	45.2	 Aim
	45.3	 Patient Assessment
	45.4	 Nonoperative Treatment
	45.5	 ‘A la carte’ Surgical Approach
	45.5.1	 Arthroscopy
	45.5.2	 Alignment
	45.5.3	 Stability
	45.5.4	 Meniscus Deficiency
	45.5.5	 Articular Cartilage Lesions

	45.6	 Rehabilitation
	45.7	 Decision Making: Putting It All Together
	45.8	 Summary
	References


	Part IX: Meniscal Reconstruction: Allograft
	46: Basic Science on the Meniscus
	46.1	 Embryology
	46.2	 Chemical Composition and Organisation of Normal Meniscal Tissue
	46.3	 Cellular Composition of Meniscal Tissue
	46.3.1	 Fibrochondrocyte
	46.3.2	 Fibroblast-Like Cells
	46.3.3	 Cells of the Superficial Zone

	46.4	 Healing Response in the Injured Meniscus
	46.4.1	 Model I: Transection of the Anterior Cruciate
	46.4.2	 Model II: Plug Model
	46.4.3	 Model III: Tear Model

	46.5	 Rationale for Meniscal Replacement
	46.6	 Immunological Aspects of Meniscal Transplantation
	 Conclusion
	References

	47: Organization: Type of Grafts, Conservation, Regulation
	47.1	 Tissue Banks and Control
	47.2	 Donor and Recipient Protection
	47.3	 Harvesting
	47.4	 Risk and Recommendations
	47.5	 Regulation
	47.5.1	 Development
	47.5.2	 Ethics

	47.6	 Types of Grafts
	47.6.1	 Lyophilization
	47.6.2	 Freezing
	47.6.3	 Cryopreservation
	47.6.4	 Fresh Allograft

	 Conclusion
	References

	48: Meniscus Allograft: Organization and Regulation in Europe and USA
	48.1	 Organization in Europe
	48.2	 Organization in the USA
	48.3	 Tissue Procurement Overview
	48.4	 Comparison of Regulations, Standards, and Other Initiatives
	48.4.1	 Europe
	48.4.2	 USA
	48.4.3	 Overview

	48.5	 Activity
	48.6	 Consent/Authorization
	48.7	 Quality
	48.7.1	 Donor Suitability
	48.7.1.1	 Medical Records and Cause of Death
	48.7.1.2	 Malignancy
	48.7.1.3	 Age Criteria
	48.7.1.4	 Physical Evaluation
	48.7.1.5	 Donor Screening: Required Infectious Disease Testing
	48.7.1.6	 Procurement Site and Time Limits for Recovery
	48.7.1.7	 Testing the Tissue
	48.7.1.8	 Tissue Processing


	 Conclusion
	References

	49: Surgical Technique for Open Meniscal Allograft Transplantation
	49.1	 Indication
	49.2	 Clinical Examination and Preoperative Management
	49.3	 Surgical Technique (Lateral Meniscus Allograft Transplantation)
	49.4	 Postoperative Management
	 Conclusion
	References

	50: Meniscus Allograft Transplantation with Bony Fixation
	50.1	 Introduction
	50.2	 Clinical Evaluation
	50.3	 Surgical Indications
	50.4	 Procedure
	50.5	 Postoperative Course and Rehabilitation
	50.6	 Complications
	50.7	 Outcomes
	References

	51: Arthroscopic Meniscal Allograft Transplantation with Soft Tissue Fixation Through Bone Tunnels
	51.1	 Introduction
	51.2	 Soft Tissue Versus Bone Plug Fixation Techniques
	51.3	 Surgical Technique
	51.3.1	 Principles
	51.3.2	 The Key Stages
	51.3.3	 Technique Decision Options

	 Conclusion
	References

	52: Arthroscopic Technique with One Bone Plug: Meniscal Transplantion – How I Do It
	52.1	 Prerequisites
	52.2	 Preoperative Workup
	52.3	 Implantation of the Graft
	52.4	 Postoperative Rehabilitation
	52.4.1	 Week 0–3
	52.4.2	 Week 4–6
	52.4.3	 Week 7–9
	52.4.4	 Week 10–12
	52.4.5	 Week 13–18
	52.4.6	 Week 19–24

	52.5	 Follow-Up
	 Conclusion
	References

	53: Meniscal Allograft Transplantation: Results and Indications
	53.1	 Introduction
	53.2	 Indications
	53.3	 Patient-Reported Outcomes
	53.4	 Return to Sports
	53.5	 Radiological Outcomes
	53.6	 Complications and Failures
	53.7	 Discussion
	 Conclusion
	References

	54: Synthesis
	54.1	 Introduction
	54.2	 Procurement and Preservation of Meniscal Allograft
	54.3	 Surgical Technique
	 Conclusion


	Part X: Meniscal Reconstruction: Substitutes
	55: Collagen Meniscus Implant: Basic Science, Technique and Results
	55.1	 Introduction
	55.2	 Basic Science
	55.2.1	 Development of the Collagen Meniscus Implant (CMI)
	55.2.2	 CMI Animal Studies

	55.3	 CMI Surgical Technique
	55.3.1	 Medial CMI Technique
	55.3.2	 Lateral CMI Technique
	55.3.3	 Combined Surgeries
	55.3.4	 Rehabilitation Protocol

	55.4	 CMI Results
	55.4.1	 Medial CMI Clinical Results
	55.4.2	 Lateral CMI Clinical Results
	55.4.3	 Radiographic Results
	55.4.4	 MRI Results
	55.4.5	 Histological Results

	55.5	 Summary
	References

	56: Actifit Polyurethane Meniscus Scaffold: Basic Science, Techniques, and Results
	56.1	 Introduction
	56.2	 Basic Science
	56.3	 Indications/Requirements
	56.4	 Surgical Technique and Postoperative Rehabilitation
	56.4.1	 Surgical Technique
	56.4.2	 Postoperative Rehabilitation

	56.5	 Results
	56.5.1	 Clinical Results
	56.5.2	 MRI Results
	56.5.3	 Complications

	 Conclusion
	References

	57: Meniscal Substitutes Synthesis
	57.1	 Introduction
	57.2	 Scaffolds
	57.3	 New Approaches
	 Conclusion
	References


	Part XI: Substitutes and Future Technology
	58: Gene Therapy, Growth Factors, Mesenchymal Cells, New Trends and Future Perspectives
	58.1	 Introduction
	58.2	 Gene Therapy for Meniscal Repair
	58.2.1	 Target Cells and Candidate Factors
	58.2.2	 Gene Transfer Vectors
	58.2.3	 Genetically Enhanced Tissue Engineering
	58.2.4	 Strategies and Applications of Gene Therapy

	58.3	 PRP and Future
	58.3.1	 PRP and Meniscus: Are In Vitro Evidences Correlated with Clinical Benefit?
	58.3.2	 PRP and Growth Factors: A Future in Meniscal Healing?

	58.4	 Mesenchymal Stem Cells in Meniscal Repair
	58.4.1	 Endogenous Mesenchymal Cell-Based Meniscal Repair
	58.4.2	 Mesenchymal Cells for Enhanced Meniscal Tear Repair
	58.4.3	 Mesenchymal Cells for Enhanced Meniscal Defect Repair

	58.5	 New Trends and Future Perspectives
	58.5.1	 Scaffolds: New Materials? New Methods? Patient Specific?
	58.5.2	 Controlling Growth Factors
	58.5.3	 Cell-Based Strategies and Bioreactors

	 Conclusion
	References


	Index



