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Meniscus: Anatomy, Function, and  
Dysfunction With Emphasis on Patterns of Failure
Karen Y. Cheng1, Christine B. Chung1,2, Donald L. Resnick1

The menisci of the knee are specialized fibrocartilaginous 
structures that serve a variety of functions ranging from femoro-
tibial load transmission and shock absorption to joint lubrication 
and nutrient distribution. Meniscal tears represent an important 
cause of knee pain, occurring both as injuries in young athletes 
and as a degenerative condition in older persons. Symptoms relat-
ed to such tears are the most common indication for arthroscopic 
knee surgery [1]. We review meniscal anatomy to promote an un-
derstanding of the appearance of the normal meniscus on MRI, to 
show that patterns of injury are dictated by the histologic struc-
ture of the meniscus, and to serve as an introduction to a descrip-
tion of the imaging appearance and classification system of the 
different types of meniscal tears, as well as imaging that leads to 
misdiagnosis and missed diagnosis.

Meniscal Structure and Function
The medial meniscus is a C-shaped structure, with a posterior 

horn that is wider than the anterior horn and a midportion some-
times referred to as the meniscal body [2] (Fig. 1). The medial 
meniscus is attached to the tibia by widely separated anterior and 
posterior root ligaments, the latter of which lies just anterior to the 
attachment of the posterior cruciate ligament (PCL) [2]. The point 
of tibial attachment of the anterior root ligament of the medial me-
niscus is more variable, with four distinct attachments described 
in the literature as at the intercondylar region, at the downward 
slope from the medial articular plateau, at the anterior slope of 
the tibial plateau, and no firm osseous attachment [3]. Additional 
stability related to the posterior horn of the medial meniscus is 
supplied by the posteromedial meniscocapsular and meniscotibial 
ligaments [4] and to the remainder of the medial meniscus by cap-
sular attachments [2].

The lateral meniscus has a slightly different, more semicircular 
shape and covers a larger portion of the tibial articular surface 
than does the medial meniscus. The lateral meniscus is wider at 
its midportion than either the anterior or posterior horn. Like the 

medial meniscus, the lateral meniscus is attached to the tibia by 
anterior and posterior root ligaments, though these are closer to-
gether than on the medial side. The anterior root ligament of the 
lateral meniscus blends with fibers of the anterior cruciate liga-
ment (ACL) as it attaches to the tibia. The posterior root ligament 
of the lateral meniscus can occasionally extend to the medial in-
tercondylar tubercle and be mistaken for a bucket-handle menis-
cal tear when studied with MRI. A normal variant of the lateral 
meniscal attachments is characterized by a posterior attachment 
via a meniscofemoral ligament instead of an osseous attachment. 
Additional stability to the lateral meniscus is supplied by the lat-
eral meniscotibial (coronary) ligament, popliteofibular ligament, 
and popliteomeniscal ligaments [5].

The medial and lateral menisci are connected anteriorly by the 
anterior transverse meniscomeniscal ligament. Both menisci are 
relatively avascular centrally and receive blood supply to the pe-
ripheral 10–25% of the meniscus from the perimeniscal plexus, 
which forms from branches of the lateral, medial, and middle 
genicular vessels [6]. Although the vascular peripheral zone and 
avascular central zone are not clearly distinguishable on conven-
tional MRI sequences, newer imaging techniques using ultrashort 
TE (UTE) sequences may allow differentiation of the highly vas-
cularized portions of the meniscus from those that are less vascu-
lar [7]. The vascularized peripheral portion of the meniscus has 
been referred to as the “red zone” and has important implications 
with regard to meniscal healing in the setting of a meniscal tear 
as well as after meniscal repair. Of note, there may be no red zone 
in the posterior horn of the lateral meniscus in the region of the 
popliteus tendon.

The major function of the menisci is to facilitate load trans-
mission, with an estimated 45% of the applied load to the human 
femorotibial joint transmitted through the menisci [8]. The me-
nisci also serve to increase congruity between the convex surfaces 
of the femoral condyles and the relatively flat apposing surfaces 
of the tibial plateaus, allowing increased mechanical stability. The 
medial meniscus has been shown to provide restraint against an-
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terior tibial translation in cadaveric knees 
under compressive loads [9, 10], and the 
posterior horn of the medial meniscus in 
particular has been shown to function as 
a secondary stabilizer of the knee joint in 
ACL-deficient knees [11].

Collagen Morphology
The collagen framework of the menisci 

allows them to function in load transmis-
sion, with the orientation of the collagen 
fibers determining the directions in which 
meniscal tissue can withstand tensile stress 
[12]. The normal meniscus is approximate-
ly 74% water, with collagen comprising 
75% of the dry weight of meniscal tissue 
[13]. Most of the collagen in menisci is 
type I collagen, in contrast to the type II 
collagen that is evident in hyaline articu-
lar cartilage. At the meniscal surface, the 
collagen fibers are randomly oriented, but 
they create a strong envelope surround-
ing the meniscal substance referred to as 
the laminar layer. The central core of the 
meniscus is formed from two major types 
of collagen bundles: primarily peripherally 
located circumferentially aligned bundles, 
which are held together by predominantly 
centrally located radial tie fibers connect-
ing the central portion to the peripheral 
portion of the meniscus [14–16].

Diagnostic Criteria for  
Meniscal Tears on MRI

A meniscal tear may be visualized on 
MRI as either an abnormality in the nor-
mal meniscal contour with a truncated 
or irregular appearance of the menis-
cal tissue or an abnormality of meniscal 
signal intensity with the presence of in-
termediate or high signal intensity that 
violates the surface of a meniscus [17]. 
Intrasubstance signal intensity that does 
not clearly extend to the meniscal surface 
may also be seen. According to studies 
with arthroscopic correlation, however, 
such nonsurfacing signal alteration typi-
cally corresponds to degeneration, normal 
variants, or tears that cannot be detected 
or treated arthroscopically [18, 19]. The 
specificity of MRI in diagnosing meniscal 
tears is also increased by requiring that 
signal intensity abnormality be seen on 
two or more images rather than a single 
image [20].

There has been some variability in the 
literature regarding the terminology used 
to describe meniscal tears. To address 
these inconsistencies, the International 
Society of Arthroscopy, Knee Surgery and 
Orthopedic Sports Medicine (ISAKOS) 
formed a subcommittee on meniscal docu-
mentation in 2006 and proposed a classifi-
cation system that is now widely used by 
surgeons and can be applied to MRI find-
ings [21–23]. In this classification system, 
a meniscal tear is described in terms of its 
length, depth, radial location, rim width 
location, involvement near the popliteal 
hiatus, tear pattern, and quality of the back-
ground meniscal tissue [21]. With MRI, 
these features are typically best seen on 
coronal and sagittal non–fat-saturated and 
fat-saturated proton density–weighted or 
fat-saturated T2-weighted sequences [23].

Classification of  
Meniscal Tear Pattern
Nondisplaced Meniscal Tears

There are five basic types of meniscal 
tears, which are dictated by the type of ap-
plied force and the collagen structure: lon-
gitudinal horizontal, longitudinal vertical, 
longitudinal vertical oblique, radial, and 
radial oblique. The ISAKOS classifica-
tion includes only three nondisplaced tear 
patterns: longitudinal vertical, horizontal, 
and radial [21]. Oblique tears are not in-
cluded in the classification system but are 
described here to delineate the differences 
in meniscal tears with respect to collagen 
bundle orientation. The term “longitudi-

nal” implies circumferential extension 
along the long axis of the meniscus. Most 
vertical and horizontal tears reveal such 
extension, whereas radial tears usually 
show central-peripheral extension alone or 
are combined with a lesser amount of cir-
cumferential extension.

Vertical longitudinal tears are com-
mon among symptomatic meniscal tears 
treated arthroscopically. Application of an 
axial compressive force tends to drive the 
meniscus out of the joint, a phenomenon 
known as hoop stress, but the meniscus is 
held in place by a number of structures, 
including the meniscal root ligaments. The 
result is an initial small microtear that is 
oriented along the axis of the hoop stress. 
This tear, as it encounters resistance from 
the longitudinally oriented peripheral col-
lagen fibers, changes direction, taking the 
path of least resistance, and extends be-
tween the circumferentially aligned col-
lagen bundles in the periphery, resulting 
in a longitudinal (circumferential) vertical 
tear. On MRI these tears are visualized as 
vertically oriented regions of intermediate 
or high signal intensity that violate at least 
one meniscal surface and remain approxi-
mately the same distance from the edge of 
the meniscus throughout their entire course 
(Figs. 2A and 2B). These tears tend to in-
volve the outer half of the meniscus. With 
higher-energy mechanisms, the tear may 
become obliquely oriented, violating some 
of the circumferential collagen bundles 
and resulting in what is designated a longi-
tudinal vertical oblique tear (Fig. 2C).

A
Fig. 1—Normal meniscal structure. 
A and B, Computer-generated (A) and MR (B) images show medial meniscus is C-shaped with wider 
posterior horn than anterior horn or midportion and with wide separation of anterior and posterior 
root ligaments (asterisks). Lateral meniscus is wider in its midportion than either anterior horn 
or posterior horn, and attachments of its anterior and posterior root ligaments (arrowheads) are 
closer together than on medial side. Two menisci are connected anteriorly by anterior transverse 
meniscomeniscal ligament (arrow, A).
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Longitudinal horizontal tears begin at or 
near the inner margin, or free edge, of the 
meniscus and extend in a transverse fash-
ion toward the meniscal periphery, usually 
following the path of least resistance be-
tween and not through the circumferential 
collagen bundles. These tears result when a 
shear force is applied tangent to the surface 
of the meniscus, such as during a rotational 
knee injury, resulting in a tear in a similar 
horizontal plane as the applied force. Lon-
gitudinal horizontal tears are frequently as-
sociated with parameniscal cysts, with 88% 
of such cysts being located adjacent to a tear 
with a longitudinal horizontal component 
[24]. On MRI, a longitudinal horizontal tear 
will appear as a linear horizontally or trans-
versely oriented region of high signal inten-

sity in either the coronal or sagittal plane or 
in both of these planes (Fig. 2D).

A radial tear is oriented perpendicular 
to the long axis of the circumferential col-
lagen bundles, along the path of the radial 
tie fibers [25]. Like longitudinal horizontal 
tears, radial tears commonly result from 
shear forces applied tangent to the surface 
of the meniscus. Radial tears are best dis-
played on axial images (Figs. 2E and 2F). 
In the sagittal and coronal planes, they 
may present as an absent meniscus on a 
single slice that corresponds to a meniscal 
gap created by the tear. When the tear also 
extends in the direction of the circumfer-
ential bundles rather than only orthogonal 
to them, a radial oblique tear results, often 
designated a parrot-beak tear. These are 

visible as a “marching cleft” sign on MRI 
(Figs. 2G–2I).

Displaced Meniscal Tears
Although the menisci are normally sta-

ble in position because of the combination 
of capsular and root ligament attachments, 
meniscal tissue may become displaced in a 
variety of directions and locations in the set-
ting of a meniscal tear. Longitudinal vertical 
tears that have a significant circumferential 
dimension violate an increasing number of 
radial tie fibers and are more likely to dis-
place centrally, producing a bucket-handle 
tear (Figs. 3A–3C). When this occurs with 
a medial meniscal tear, the displaced tissue 
may produce a “double PCL” sign. When 
the lateral meniscus is involved, a pseudo-

Fig. 2—Basic patterns of meniscal tear. 
A and B, Sagittal (A) and coronal (B) T2-weighted fat-saturated MR images show longitudinal vertical tears (arrows) as vertically oriented linear regions 
of intermediate or high signal intensity. 
C, Sagittal MR image shows longitudinal vertical oblique meniscal tear (arrow) of posterior horn of medial meniscus as obliquely oriented region of 
altered signal intensity violating both meniscal surfaces. 
D, Sagittal T2-weighted fat-saturated MR image shows longitudinal horizontal tear (arrow) of posterior horn of medial meniscus as transversely 
oriented region of altered signal intensity parallel to articular surface that violates inferior meniscal surface. 
E and F, Sagittal (E) and axial (F) MR images perpendicular to long axis of meniscus show radial tear at junction of anterior horn and body of lateral 
meniscus (arrows) as linear signal intensity. 

(Fig. 2 continues on the next page)
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tear of the ACL may result. If the centrally 
displaced flap of a bucket-handle tear pro-
gressively inverts as the peripheral rim of 
tissue rotates centrally and superiorly, the 
femoral condyle may become entrapped by 
the inverted meniscal tissue. If the centrally 
displaced meniscal flap is torn, a “broken 
handle” tear results. If the peripheral rim of 
meniscal tissue is torn, the result is a “leak-
ing bucket” tear.

Displaced longitudinal vertical menis-
cal tears are typically reduced and reat-
tached to prevent symptoms of knee lock-
ing. Successful reparability is predicted by 
the nondisplaced peripheral rim of tissue 
measuring less than 4 mm in thickness, in-
dicating a tear in or near the red zone of 
the meniscus; a tear greater than 9 mm in 
length; and normal signal of the displaced 
inner flap of meniscal tissue [26].

When a longitudinal horizontal tear dis-
places, the result is a meniscal flap (Figs. 
3D and 3E). If the flap rotates peripherally, 
it can lead to gradual erosion of the subja-
cent bone in the tibial or femoral condyle.

Root Ligament Abnormalities
In addition to tears of the meniscal tis-

sue proper, injuries can also occur within 

the meniscal root ligaments. Tears of the 
posterior root ligament of the medial me-
niscus are common, found in 10–21% of 
arthroscopic meniscal repairs [27] (Figs. 4A 
and 4B). These may result in peripheral ex-
trusion of the meniscal body, which in turn 
causes bowing of the tibial collateral liga-
ment (medial collateral ligament [MCL]), 
with cartilage loss and edema in the uncov-
ered portion of the ipsilateral tibial plateau. 
A tear of the posterior root ligament of the 
medial meniscus can generally be distin-
guished from a radial tear of the adjacent 
posterior horn of the medial meniscus by the 
relatively smooth margin of the latter and 
the nodular appearance of the former. Tears 
of the meniscal root ligaments can be classi-
fied by the system introduced by LaPrade et 
al. [28]. According to this system, a type 1 
tear is a partial meniscal tear within 9 mm of 
the root attachment, type 2 is a complete ra-
dial meniscal tear, type 3 is a bucket-handle 
tear with meniscal root detachment, type 4 
is a complex oblique meniscal tear extend-
ing into the root attachment, and type 5 is 
an avulsion of the meniscal root attach-
ment. Type 2 tears are further subdivided 
into subtype A, B, or C by the distance of 
the tear from the root attachment.

Avulsion injuries at the attachment of 
the posterior root ligament of the medial 
meniscus (LaPrade type 5) may result in 
the development of a meniscal ossicle [29, 
30]. Such ossicles, however, may also be 
developmental rather than pathologic in 
pathogenesis. Tears of the posterior root 
ligament of the medial meniscus can also 
be associated with a meniscal flounce, 
which appears as an undulation of the in-
ner margin of the meniscus.

Injuries can also involve the popliteo-
meniscal ligaments, which normally attach 
the posterior horn of the lateral meniscus 
to the posterolateral aspect of the joint 
capsule near the intraarticular portion of 
the popliteus tendon and which provide 
important stability to the posterior horn of 
the lateral meniscus. There are normally 
three popliteomeniscal ligaments in most 
persons: the lateral-most anteroinferior 
ligament, the posterosuperior ligament, 
and the medial-most posteroinferior liga-
ment. Tearing of these ligaments, which 
commonly occurs in the setting of ACL 
injury, may allow the posterior horn of the 
meniscus to displace anteriorly, sometimes 
assuming a position adjacent to the ante-
rior horn of the lateral meniscus.

G IH
Fig. 2 (continued)—Basic patterns of meniscal tear. 
G–I, Sequential sagittal T2-weighted fat-saturated MR images show radial oblique tear (arrows) extends orthogonal to axis of meniscus and of 
circumferential collagen fibers but also extends in their direction, creating “marching cleft” sign.
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Combined Meniscal– 
Ligamentous Failure

Meniscal tears are common in the set-
ting of injury to the ACL, with as many as 
43% of ACL injuries showing an associ-
ated injury of either the lateral or medial 
meniscus [31] and with cadaveric studies 
showing meniscal lesions in 60% of per-
sons with ACL tears [32]. In particular, 
injury to the peripheral attachment of the 
posterior horn of the medial meniscus (i.e., 
a meniscal ramp lesion) occurs in 9–17% 
of ACL tears [31] (Figs. 5A and 5B). Even 
if there is no visible tear on conventional 
MRI, the menisci may be intrinsically ab-
normal after ACL tear, as evidenced by 
increased T2* values of the menisci of 
ACL-injured subjects imaged with UTE 
sequences [33]. Unfortunately, sensitiv-
ity for medial and lateral meniscal tears is 
also decreased in the presence of an ACL 
tear, which may be a result, at least in part, 
of the fact that meniscal tears associated 
with ACL injury are in locations in which 
tears are difficult to display, identify, or di-
agnose, such as the posterior horn of the 
lateral meniscus [34].

The combination of both ACL and 
MCL injury is also associated with menis-
cal injury. O’Donoghue [35, 36] original-
ly described an unhappy triad consisting 
of an ACL tear, tears of both the super-
ficial and deep portions of the MCL, and 
rupture of the medial meniscus. Subse-

quent literature has shown that injury to 
the lateral meniscus is the more common 
meniscal injury [37]. Particular attention, 
therefore, should be paid to the medial 
meniscus, especially because studies have 
shown that sensitivity for medial menis-
cal tears is decreased as the number of 

D E
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Fig. 3—Displaced meniscal tears include both 
bucket-handle and flap tears. 
A–C, 37-year-old woman had medial knee 
pain and swelling after dancing injury. Coronal 
(A), sagittal (B), and axial (C) T2-weighted fat-
saturated MR images show bucket-handle tear 
of medial meniscus with truncated appearance 
of body of medial meniscus (arrowhead, 
A and C) and displaced meniscal tissue in 
intercondylar notch (arrows).
D and E, 23-year-old woman had contact injury 
to right knee while playing soccer. Coronal (D) 
and axial (E) T2-weighted fat-saturated MR 
images show tear of body of lateral meniscus, 
which has diminutive appearance, with torn 
flap (arrows) displaced superiorly adjacent to 
lateral femoral condyle.

A

Fig. 4—Root ligament tear of 40-year-old woman who had left knee pain for 9 months. 
A and B, Coronal T2-weighted fat-saturated MR images show partial radial tear of medial meniscus 
at posterior root ligament attachment (arrow, A), with accompanying degeneration of posterior 
root ligament and resultant peripheral extrusion of body of medial meniscus (arrowhead, B) with 
bowing and thickening of medial collateral ligament.

B
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injuries to concomitant supporting struc-
tures increases [38].

Differential Diagnostic 
Considerations

MRI has a high sensitivity in the assess-
ment of meniscal tears, with early research 
showing patients who underwent both 
MRI and arthroscopy with NPV for MRI 
of nearly 100% [39], and with subsequent 
research showing that MRI could allow 
correct characterization of meniscal tear 
types in almost 80% of cases as compared 
with an arthroscopic standard [40]. There 
are numerous anatomic structures, physi-
ologic effects, and pathologic conditions, 
however, that may simulate meniscal tears 
and limit the specificity of MRI. A short 
review of some of these structures, effects, 
and pathologic conditions is included here.

Anatomic Structures
The normal anteroinferior, posterosuperi-

or, and posteroinferior popliteomeniscal liga-
ments are intimate with the popliteal hiatus 
and subpopliteal recess. Joint fluid extending 
into the hiatus or recess, or both areas, can 
lead to altered signal intensity adjacent to the 
peripheral portion of the posterior horn of the 
lateral meniscus, simulating a meniscal tear 
[41, 42]. Similarly, the meniscofemoral liga-
ments of Humphry and Wrisberg may also 
simulate a tear of the posterior horn of the 
lateral meniscus because the loose connec-
tive tissue between one or both of these liga-
ments and the meniscal tissue may resemble 
the appearance of a longitudinal vertical tear 
[42–45]. The anterior, posterior, and oblique 
meniscomeniscal ligaments can also simu-
late a meniscal tear, especially the anterior 
transverse meniscomeniscal ligament that 
may resemble a tear of the anterior horn of 
the lateral meniscus, or the less common 
oblique meniscomeniscal ligaments that may 
simulate centrally displaced meniscal tissue 
[42, 44]. Additionally, normal meniscal re-
cesses, which are typically more prominent 
laterally than medially, leading to greater 
mobility of the lateral meniscus, can be mis-
taken for a meniscocapsular tear [30].

Physiologic Effects
The meniscal flounce can also be mistak-

en for a tear; the flounce represents a tran-
sient physiologic ruffling of the inner mar-

gin of the meniscus and, more frequently, 
the medial meniscus that commonly occurs 
when the knee is in a flexed position, [30]. 
Conversely, flouncelike folds in the menisci 
caused by true meniscal tears may be misin-
terpreted as physiologic meniscal flounces. 
One report of 3159 MRI studies of the knee 
performed over 2 years showed six menis-
cal flounces and four cases of flouncelike 
folds related to meniscal tears [45].

Pathologic Conditions
In some pathologic situations, gas or 

calcium is present in or around menis-
cal tissue that may also simulate meniscal 
tears. Gas may be present in the joint lumen 
or within a degenerated meniscus, leading 
to a vacuum phenomenon and regional ar-
tifact that either obscure the meniscus or 
lead to an appearance resembling a menis-
cal tear [46]. Calcium pyrophosphate di-
hydrate (CPPD) crystal deposition disease 
can result in calcium deposition, or chon-
drocalcinosis, in the meniscal tissue, which 
may cause T1 shortening owing to the 
properties of the crystals themselves or to 
the associated meniscal degeneration and 
reactive changes surrounding the crystal 
deposits, simulating a meniscal tear [47]. In 
the presence of chondrocalcinosis involv-
ing the menisci, the sensitivity, specificity, 
and accuracy of MRI for the diagnosis of 
meniscal tears are decreased [48].

Postoperative Meniscus
Correlation with prior surgical his-

tory or imaging, if available, or with stig-

mata of prior surgery, such as scarring in 
the Hoffa fat pad, is important to avoid 
misdiagnosis of a normal postoperative 
appearance as evidence of a meniscal 
tear. Abnormalities in meniscal contour 
may be seen in the setting of prior par-
tial meniscectomy, and abnormalities in 
meniscal signal intensity may be seen 
with prior meniscal repair. Features that 
more strongly suggest a new or residual 
tear include imbibition of native joint flu-
id or contrast agent (after arthrography) 
on the meniscal surface or frank exten-
sion of the fluid or contrast agent into the 
meniscal tissue [49].

MRI Artifacts
Imaging artifacts can also lead to ap-

parent altered signal intensity within the 
meniscal tissue that may simulate a tear. 
Truncation artifact, resulting from chang-
es in signal intensity at tissue interfaces, 
may produce artifactual areas of alternat-
ing linear high and low signal intensity. 
Magic angle effect artifact may also cause 
an apparent increase in meniscal signal in-
tensity when the collagen fibers within the 
menisci are oriented at 55° to the external 
magnetic field, a situation that is particu-
larly frequent in the posterior horn of the 
menisci near their root attachments [49].

Summary
MRI is a sensitive, accurate, and nonin-

vasive means of evaluating the menisci for 
tears. Understanding the histologic struc-
ture of the meniscus, especially the colla-

A
Fig. 5—Meniscal ramp lesion in 31-year-old man who heard “pop” sound in his left knee. 
A and B, Sagittal T2-weighted fat-saturated MR images show meniscal ramp lesion (arrow, A), which 
is partial tear of posterior horn of medial meniscus at its peripheral attachment, with concomitant 
complete tear of anterior cruciate ligament (arrowhead, B).

B
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gen framework, is important in the analysis 
of the many different types and patterns of 
nondisplaced and displaced meniscal tears 
as they are shown on MRI. The resulting 
alterations within and around the abnormal 
meniscus can be simulated by a number 
of anatomic structures, physiologic ef-
fects, and pathologic conditions. Further-
more, MRI analysis of the postoperative 
meniscus has its own unique challenges, 
especially when such analysis is attempted 
without a complete history or access to the 
operative report.
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