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Magnetic resonance imaging in the assessment of meniscal
anatomic variants and of the perimeniscal ligamentous
anatomy: potential interpretation pitfalls*

Ressonância magnética na avaliação das variações anatômicas meniscais e da anatomia ligamentar

perimeniscal: potenciais causas de erro de interpretação

Marcelo Novelino Simão1, Marcello Henrique Nogueira-Barbosa2

The knowledge of meniscal anatomic variants and of the normal perimeniscal structures is essential to understand

magnetic resonance imaging studies of the knee, both for the diagnosis of meniscal lesions and to avoid potential

interpretation pitfalls. The present article reviews anatomic variants that change the size, shape and stability of the

menisci, including the different types of discoid menisci, other less frequent meniscal malformations and the meniscal

ossicle. Additionally, the anatomy of perimeniscal structures, particularly those including the meniscocapsular,

intermeniscal, meniscofemoral ligaments and other menisco-ligamentous structures is reviewed.
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O conhecimento adequado das variações anatômicas meniscais e das estruturas perimeniscais é essencial para uma

avaliação adequada dos exames de ressonância magnética do joelho, tanto no diagnóstico das lesões meniscais quanto

para se evitar uma série de possíveis erros diagnósticos. Este artigo revê variações anatômicas que alteram o tama-

nho, a forma e a estabilidade meniscais e que incluem os vários tipos de menisco discoide, outras variações morfoló-

gicas meniscais menos frequentes e o ossículo meniscal. Também é revisada a anatomia de estruturas perimeniscais,

principalmente ligamentares, que incluem os ligamentos meniscocapsulares, intermeniscais, meniscofemorais e ex-

tensões meniscoligamentares.

Unitermos: Joelho; Menisco discoide; Variações anatômicas; Imagem por ressonância magnética.
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curacy. However, an appropriate under-
standing of the meniscal anatomy and
parameniscal structures, particularly the
ligaments, is essential for a correct diagno-
sis, avoiding a number of possible errors
caused by pseudo-lesions and anatomical
variations.

The present study reviews the anatomic
variations of the menisci as well as the
anatomy and variations of the perimeniscal
ligamentous structures, with emphasis on
MRI.

VARIATIONS OF THE MENISCAL
MORPHOLOGY

Discoid meniscus

Discoid meniscus is a morphological al-
teration, probably of embryonal etiology, in
which the meniscus presents a disc-like
shape, instead of the habitual crescent
shape. Its incidence is much greater in the
lateral than in the medial meniscus, being
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found in 0.7% to 5.2% of the Western
countries population and in up to 15.3% of
patients submitted to arthroscopy in East-
ern countries(1,2), although anatomical stud-
ies in neonate cadavers demonstrate a much
greater incidence (77%) in the lateral me-
niscus(3), which corroborates the theory of
a variation of embryonal nature. The clini-
cal presentation is variable and depends on
the type of meniscus and presence or ab-
sence of lesion, and may be asymptomatic
or be associated with symptoms such as
pain, knee clicking and decreased exten-
sion capacity, particularly in children and
young adults(4,5). The most utilized classi-
fication is the one developed by Wata-
nabe(6) describing three patterns: type I or
completely discoid, with the meniscus cov-
ering the entire tibial plateau (Figure 1);
type II or incomplete, with a semilunar
appearance, partially covering the tibial
plateau (Figure 2); and type III or Wrisberg
type, the rarest variant, resulting from the

INTRODUCTION

Magnetic resonance imaging (MRI) is
the imaging method of choice for the as-
sessment of meniscal lesions. The develop-
ment of new sequences, improvements in
image quality and more powerful magnets
in association with excellent contrast reso-
lution and multiplanar capability allow the
diagnosis of meniscal lesions with high ac-
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absence of the coronary and posterior
meniscocapsular ligaments (Figure 3). The
Wrisberg variant may occur in the discoid
meniscus or in those with the habitual
morphology, resulting in a hypermobile
meniscus, and is more likely to become
symptomatic at earlier ages(7). At MRI, dis-
coid meniscus is > 14 mm in width in the
coronal plane in the section corresponding
to the middle segment of the body(8), and
in the sagittal plane, the appearance of a
bow tie, with a continuity between the an-
terior and posterior horns, remaining on
more than two images(9), and possibly vary-
ing according to the slice thickness. Other
criteria include a difference of > 2mm in
the height of the horns of the medial and
lateral menisci(2), meniscus-tibia ratio ≥

20% and percentage of meniscus coverage
≥ 75%(10).

A high signal band inside the discoid
menisci may be observed in up to 85% of
the cases, possibly corresponding either to
early degenerative changes or to persis-
tence of vascularization in children(11). The
most frequent meniscal tear in patients with
discoid lateral meniscus continues to be the
isolated tear of the medial meniscus, at a
rate similar to that in patients without dis-
coid meniscus. However, the incidence of
tears in discoid lateral meniscus is much
higher than that observed in morphologi-
cally normal menisci(2,9). The lesion pattern
may be related to the type of discoid lateral
meniscus, with horizontal tears being more
prevalent in the type I or complete, and the

radial, degenerative and complex tears, in
the incomplete type(1). Other lesion pattern
in discoid meniscus is the central perfora-
tion, whose appearance is very similar to
the bucket-handle tear pattern(12), and the
differential diagnosis at MRI may be quite
complicated in the lateral meniscus, be-
cause of characteristics overlapping. In
such cases, the correlation with the clini-
cal trauma history is essential.

In young patients with a history of pain,
snapping knee or extension block with dis-
coid meniscus and absence of meniscocap-
sular fascicles and coronary ligaments, the
MRI diagnosis of the Wrisberg variant
should be considered. Normally, the fas-
cicles of the lateral meniscus can be clearly
visualized at MRI, while the coronary liga-

Figure 3. Sagittal proton-density FS image depicting upper and lower meniscocapsular fascicles (white arrows) adjacent to the posterior horn of the lateral

meniscus (A) and discoid lateral meniscus with absence of fascicles (curved arrows), corresponding to Wrisberg variant (B).

Figure 1. Coronal proton-density FS image depicting complete discoid-type

medial meniscus occupying the whole extent of the tibial plateau, with a trace

of horizontal tear.

Figure 2. Coronal proton-density FS image at the level of the body depicting

lateral meniscus partially covering the tibial plateau, corresponding to partial

discoid meniscus (type II). Notice a lesion in the medial meniscus.
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ments are generally not identifiable, even
in individuals with normal menisci; there-
fore they should not be included in the cri-
teria for the diagnosis of Wrisberg variant
at MRI(13).

Other less frequent anatomic meniscal
variations

With the exception of discoid meniscus,
other meniscal malformations are much
less frequent, with an incidence of 0.3%(14).
Such variations are more prevalent in the
population of Asian countries, in the lateral
meniscus and are frequently asymptom-
atic(15). Such variations include ring-shaped
meniscus, both partial or complete menis-
cal hypoplasias, double-layer meniscus and
meniscal insertion abnormalities(14,16–20).

The ring-shaped meniscus is circular
shaped, with the appearance of the exter-
nal portion of the ring being similar to that
of a normal meniscus – well defined and
angular –, and does not present mobility of
the internal segment adjacent to the inter-
condylar incisure (Figure 4). Such absence
of mobility in the innermost portion is not
defined by image criteria at MRI, but by
means of tests with a probe during arthro-
scopy. Such considerations in association
with the patients’ age and clinical history
are fundamental for the differential diagno-
sis with central perforation of a discoid
meniscus or a “bucket handle” tear(17). In the
central perforation of a discoid meniscus, the
internal margins of the meniscus are degen-
erated and irregular and there are other as-
sociated degenerative changes, such as
osteophytes and chondral lesions(12,17).

An anomalous meniscus band is usually
smaller than the original meniscus, and is
free and mobile, except for the insertion,
normally at the posterior horn. The double
layer meniscus presents a second layer par-
allel to the normal meniscus and peripher-
ally attached to the capsule(15).

The anomalous insertion of the anterior
horn of the medial meniscus into the ante-
rior cruciate ligament is an infrequent
variation, with a variable incidence re-
ported in literature (never > 2.2%(16,21). At
MRI, such abnormality is seen as a band-
shaped structure with low signal intensity,
extending from the anterior horn of the
medial meniscus to the anterior cruciate
ligament, in an almost parallel pathway,

Figure 4. Sagittal proton-density FS

image (A) and coronal proton-density

FS image (B) depicting lateral menis-

cus with preserved morphology and

signal, in continuity with a low signal

band (white arrow) positioned at the

middle line, corresponding to a “ring-

shaped” meniscus.

Figure 5. Sagittal T1-weighted image

depicting posterior horn of the medial

meniscus (white arrow) with high sig-

nal intensity on T1 with the same

pattern as the bone marrow’s, in a

case of meniscal ossicle.

with a variable thickness, sometimes too
thin to be individualized at MRI. Its appear-
ance is very similar to that of the infrapa-
tellar fold, however it runs towards the fat
pad of Hoffa or sometimes to the lower
patellar pole, instead of inserting into the
meniscus(16,22). The anomalous insertion
may also occur between the posterior horn
and the anterior cruciate ligament(20).

Meniscal ossicle

It is an uncommon change that normally
occurs in the posterior horn of the medial
meniscus, and is defined by the presence of

cortical and trabecular bone with bone
marrow surrounded by meniscal fibrocar-
tilage (Figure 5). It is associated with a
greater incidence of pain and lesions, prob-
ably because of interference in the meniscal
mobility and the mass effect. The identifi-
cation of lesions at MRI is difficult on ac-
count of the presence of the ossicle(23). The
diagnosis by means of conventional radi-
ography may be difficult, and differentia-
tion should be made with osteochondral
loose bodies. At MRI, the ossicle is usually
well defined and presents high-signal in-
tensity on T1- and T2-weighted sequences,
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with signal loss on sequences with fat sup-
pression, while loose bodies usually present
low signal intensity on T1-weighted se-
quences(15).

PERIMENISCAL LIGAMENTOUS
STRUCTURES

Meniscocapsular ligaments

Meniscocapsular ligaments comprise
the meniscofemoral and meniscotibial or
coronary components that attach the menis-
cus to the posterior portion of the femur
and tibia, respectively. Meniscotibial liga-
ments are short, and contribute in the main-
tenance of appropriate positioning of the
meniscus in relation to the tibial plateau
and aid in the formation of deep portion of
the capsule, laterally. In the medial portion,
both the meniscofemoral and meniscotibial
ligaments contribute in the deep portion of
the capsule(24) and no cleavage plane is de-
fined between them(25). A lesion in this re-
gion may involve the meniscocapsular liga-
ments or the peripheral portion of the me-
niscus, known as meniscocapsular separa-
tion, and causes meniscus hypermobility.
Such diagnosis is difficult at MRI and must
be considered in the presence of perime-
niscal fluid and if the external contour of
the meniscus is irregular. It is potentially
healable lesion, either with or without
meniscal suture(25,26).

Intermeniscal ligaments

Intermeniscal ligaments comprise the
anterior and posterior transverse ligaments
as well as the medial and lateral oblique

ligaments(27). The anterior transverse liga-
ment is present in 53% to 94% of cases, with
variable appearance and insertions(27,28),
with a cord-like or flattened appearance
and insertions into the anterior horns of the
meniscus or capsular(29). At MRI, it can be
identified at the lower portion of the fat pad
of Hoffa at any plane, however it is more
easily identified on the sagittal plane, with
an appearance of a small nodular image
with low signal intensity, which may simu-
late a lesion in the anterior horns of the
meniscus (Figure 6), and is more common
in the lateral one(30). The diagnosis of
pseudotear can be avoided by following the
course of the ligament on several consecu-
tive images. The posterior transverse liga-
ment consists of a fibrous band that con-
nects the posterior horns of the menisci,
passing in front of the posterior cruciate
ligament, and is present in approximately
2% of the knees(27). No description of its
appearance at MRI was found in the litera-
ture. The correlation with the appearance

of the other ligaments and respective ana-
tomic description suggests that it is seen as
a low-signal-intensity band crossing the
middle line, anteriorly to the posterior cru-
ciate ligament(31).

The oblique intermeniscal ligaments
connect the anterior horn of a meniscus to
the posterior horn of the other, being called
as medial or lateral, according to the ante-
rior insertion. They are present in 1% to 4%
of the knees(32) and its presence is related
to the presence of the transverse liga-
ment(27). At MRI it is seen as a structure
with low signal intensity on any sequence,
crossing the intercondylar incisure inter-
mingled with the cruciate ligaments, with
the appearance similar to that of a displaced
meniscal fragment in the middle line or a
double posterior cruciate, sometimes simu-
lating a “bucket handle” tear (Figure 7).
The identification of the ligament course
and the presence of a meniscus with the
habitual appearance, with preservation of
the two “bow-tie” images and the typical

Figure 6. Sagittal proton-density FS image depicting transverse ligament (white arrows) causing pseudotear

in the anterior horn of lateral meniscus (A), but easily identifiable in its course in the lower portion of the

infrapatellar fat pad (B).

Figure 7. Sagittal proton-density FS image depicting oblique medial intermeniscal ligament (white arrows) extending from the anterior horn of the medial

meniscus to the posterior horn of the lateral meniscus, intermingled with cruciate ligaments, simulating fragment at the middle line.
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triangular appearance in the coronal plane,
are useful to rule out the possibility of a
“bucket handle” lesion (33).

Meniscofemoral ligaments

The meniscofemoral ligaments extend
from the posterior horn of the lateral me-
niscus to the internal portion of the medial
femoral condyle, and are denominated liga-
ment of Humphrey, as it pass in front of the
posterior cruciate ligament, and ligament of
Wrisberg as it pass behind it. According to
the literature, the incidence of such liga-
ments is between 50% and 93% with pres-
ence of only one of both of them, with
possible variations in thickness and in the
proximal and distal insertions(34).

The correct understanding of anatomy
and orientation of these ligaments on MRI
sequences is essential to avoid misinterpre-
tation as meniscal lesions or loose bod-
ies(35). A pseudotear in the posterior horn of
the lateral meniscus may be present in up
to 63% of the cases (Figure 8), with a ver-
tical or, most frequently, oblique orienta-
tion from anterosuperior to posteroinfe-
rior(36). An apparent lateral extension of the
meniscofemoral ligament insertion, on four
or more images beyond the posterior cru-
ciate ligament, should be considered as a
suspicion of lesion in the posterior horn of
the lateral meniscus, particularly in cases
where there is an association with rupture
of the anterior cruciate ligament(37).

Meniscoligamentous extensions

The extension of the fibers of the ante-
rior cruciate ligament to the anterior horn
of the lateral meniscus may cause a speck-
led or dotted appearance seen on the two
most central images of the meniscus (Fig-
ure 9) simulating a lesion (38,39). The pres-
ence of an intra-articular and extrasynovial
band between the posterior horn of the lat-
eral meniscus and the anterior cruciate liga-
ment, functioning as an extension of the
meniscal insertion, is a frequent finding at
arthroscopies performed on cadavers(40),
but never described at MRI.

CONCLUSION

The detailed knowledge of the anatomy
and variations of perimeniscal ligamentous
structures, despite the fact that some of

Figure 9. Sagittal T2-weighted

FS image depicting a dotted

appearance of the anterior

horn of the lateral meniscus

(white arrow), attributed to the

insertion of the anterior cruci-

ate ligament fibers

these variations are quite infrequent, is of
fundamental relevance for the correct
evaluation of meniscal lesions, thus avoid-
ing a variety of possible diagnostic errors.
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