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"Pitfalls" of magnetic resonance imaging in diagnosis of meniscus injury
A.S. Stulov, A.N. Tarasov

LDC MIBS-Astrakhan Ltd., Astrakhan, Russia
Federal State Budgetary Educational Institution of Higher Professional Education Astrakhan State Medical University of the RF Ministry of Health,
Astrakhan, Russia

Presented is visualisation of normal anatomic intra-articular structures simulating meniscus injury based on comparative analysis of
magnetic resonance imaging scans of the knee joint to differentiate from true pathological conditions.
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Evaluation of intraarticular knee injury relies on the
clinical examination and diagnostic imaging [1, 2, 3, 4].
Magnetic resonance imaging (MRI) has become widely
accepted as a sensitive and specific ‘gold standard’ in
non-invasive evaluation for knee pathology

Objective The purpose of the article is to identify
anatomical variations of the knee joint simulating me-
niscus injury to differentiate abnormalities using mag-
netic resonance imaging.

Menisci are crescent-shaped fibrocartolagenous
structures with collagen fibres increasing joint congru-
ence and stability, distributing axial loading and synovi-
um. Lateral meniscus is S-shaped haing similar thick-
ness and height all along the cross section. The medial
meniscus is somewhat larger, has a banana-shaped ap-
pearance and a narrower radius of curvature, with the
posterior horn being larger than the anterior horn.

Fibrocartolagenous structures of the knee joint are
evaluated in 3 mutually perpendicular planes coronal
(frontal), sagittal (lateral) and transverse (axial). Sagittal
plane images were more informative to evaluate config-
uration, size and structures of all intraarticular and the
majority of juxtarticular structures, so images are basi-
cally interpreted using the plane. Peripherally menisci
are visualized as butterflies and as triangles in the cen-
tral aspects (anterior and posterior horns), however,
anatomically posterior horn of the medial meniscus is
larger than the anterior horn as compared with symmet-
rical sizes of the lateral meniscus [5, 6, 7]. Coronal
plane images are also informative for diagnosis, the
horns appear as continuous plates from the root to a free
edge peripherally, and as triangles in the central aspects
with the sharp end pointing at intercodylar tubercle.
Axial plane images are not that informative due to the
minimal number of slices (up to two 4-mm slices) avail-

able taking up fibrocartolagenous plates, however, for-
eign authors report a number of MRI features that pro-
vide information for revealing abnormalities [8].

Normal MRI signal of meniscus is homogenously
dark (hypointense) in the weighted images and an ab-
normal high signal intensity is graded with Stoller et al.
scoring system using sagittal plane. Grades | and Il are
indicative of degenerative changes while grade Il is
referred as a definite meniscal tear. Graphic interpreta-
tions of anterior intermeniscal, oblique meniscomenis-
cal, meniscofemoral ligaments, popliteal tendon, distal
portion of anterior cruciate ligament, meniscal flounce
are also associated with high intrameniscal and jux-
tmeniscal signal which is not abnormal [9, 10, 11, 12].
Differentiation between normal and abnormal meniscal
anatomy is very important for accurate diagnosis and
preoperative planning.

Anterior intermeniscal ligament attaches to the ante-
rior horns of menisci and is visualized in 94 % of the
cases arthroscopically and in 58 % with MRI. Differen-
tiated diagnosis is made to rule out anterior horn tear
that can be simulated at the attachment of transverse
ligament in sagittal slices. A series of sagittal sequences
with distinct plain diameter is needed to confirm normal
anatomy and to compare them with axial sequences to
visualize it as a whole in an image [10, 13, 14] (Fig. 1).

Fan-shaped attachment of the distal segment of ante-
rior cruciate ligament is another variation of the normal
anterior horn. Sometimes fibres in posterolateral bundle
of the ligament grow in anterior horn root that is reflect-
ed in heterogeneously diffuse high MRI signal in sagit-
tal T1 and PD WI (speckled). Coronal sequence is prac-
tical to confirm normal anatomy tracing ligament fibres
and fibrocartolagenous layer of the meniscus [9, 22]

(Fig. 2).
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Fig. 1 MRI scans of the left knee in a 25-year-old patient M. showing: A — tight meniscomeniscal ligament in transverse
view; B, C, D, — sagittal view (B — meniscomeniscal ligament portion attached to the lateral meniscus being susceptible of a
tear; C — cross section of the ligament in the central meniscal aspects; D — distinct contour of the anterior horn of the lateral

meniscus)

Fig. 2 MRI scans of the right knee in a 19-year-old patient P. showing: A — sagittal slices of anterior horn of the lateral me-
niscus having heterogeneously diffuse MRI signal due to differently hyperintense areas being susceptible of a root tear; B —
coronal images demonstrating singular ACL fibres growing in the lateral meniscus root

Anterior horn tears of the lateral meniscus are not
common and observed in 2 % of meniscal injuries. The
meniscus contour appears to be equivocal and distorted
with MRI signal being more vibrant indicating to fluid
leaking, and osteochondral complex is to be considered
as well.

The oblique meniscomeniscal ligaments are inter-
meniscal ligaments with a reported prevalence ranging
from 2 % to 4 %. The oblique meniscomeniscal liga-
ments attach to the opposing horns of the medial and
lateral menisci. Differentiated diagnosis is made to rule
out displaced meniscus or ‘buckle handle’ tear that can
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be simulated in the central aspects of the joint in sagittal
sequences. Axial images are practical to confirm the
normal anatomy of the oblique meniscomeniscal liga-
ments [10, 15, 16] (Fig. 4).

Accessory meniscofemoral ligaments (the anterior
MFL of Humphrey, the posterior MFL of Wrisberg) play
an important role as stabilisers and protectors for the pos-
terolateral femorotibial compartment and run from the
posterior horn of the lateral meniscus to the lateral aspect
of the medial femoral condyle or the posterior cruciate
ligament. Both anterior and posterior meniscofemoral
ligaments are present in a third of the cases and an inci-
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dence of 93 % is reported for one of the ligaments. Dif-
ferentiated diagnosis is made to rule out marginal tears of
the posterior horn of the lateral meniscus that can be sim-
ulated at the attachments sites in seen in sagittal images.
A series of sagittal sequences with regular appearance of
the cross section is practical to confirm the normal anat-
omy with coronal images added to identify the intact run
of the ligaments at the meniscus.

In a minority of cases, hypertrophied anterior menis-
cofemoral ligament of Humphrey can mimic a displaced
‘buckle handle” meniscal fragment and be identified as a
duplication of the posterior cruciate ligament. The sus-
picious structure appears to be intact with regard to the
meniscus in the coronal image, which is also known as a
pseudo-double PCL sign described in Skeletal Radiolo-
gy Journal [10, 17, 18, 19] (Fig. 5).

By contrast, flapped tears with centrally displaced
fragment are characterised by rougher architectonics
with irregular meniscal height, fragmented structure

seen on coronal plane showing meniscal fragment at the
intercondylar tubercle (Fig. 6).

The popliteus tendon is a major posterolateral struc-
ture which is intracapsular and extrasynovial, and its
course follows the popliteal tendon sheath. The fluid in
the popliteal tendon sheath can be mistaken for marginal
lateral meniscus tear on coronal and sagittal planes.
However, the usage of standard and targeted sections
helps to avoid the diagnostic error [20, 21] (Fig. 7).

By contrast, marginal meniscal tear is irregular in
outline with additional pathological lines seen on specif-
ic sequences (Fig. 8).

Meniscal flounce is a wavy inner edge of the medial
meniscus and thought to be a normal meniscal variant
and transient physiological distortion. It is seen in 5 %
of the cases at the posterior horn and the body of the
medial meniscus with neutral position of the knee that is
characteristic for standard MRI patient position [9, 23,
24] (Fig. 9).

Fig. 3 MRI scans of the left and right knees in a 2-year-old patient T. showing: A — sagittal view demonstrating longitudinal
linear portion in the anterior horn of the medial meniscus (left knee) Stoller grade 111; B — transverse image demonstrating ar-
chitectonics of the anterior horn root tear of the medial meniscus; C - sagittal view demonstrating vertical linear portion in
the anterior horn of the lateral meniscus (right knee) Stoller grade I1I; D — transverse view showing displaced lateral menis-

cus (bucket handle tear) in intercondylar tubercle
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Fig. 4 MRI scans of the right knee in a 35-year-old patient I. showing: A — sagittal view demonstrating linear structure sus-
ceptible of displaced meniscus; B — transverse view demonstrating hypointense oblique linear structure in intercondylar
notch; C — coronal view demonstrating meniscus disconnected ligamentous structure (oblique intermeniscal ligament)

Fig. 5 MRI scans of the right knee showing: A — sagittal view demonstrating additional hypointense structure at the posterior
cruciate ligament (PCL pseudo-duplication); B — coronal view demonstrating meniscus disconnected linear structure (liga-
ment of Humphrey)

Fig. 6 MRI scans of the right knee in a 18-year-old patient A. showing: A — sagittal view demonstrating additional hy-
pointense structure at the posterior cruciate ligament (PCL duplications); B — coronal view demonstrating displaced meniscus
in intercondylar notch; C — transverse view demonstrating displaced meniscus in the central aspects of the joint
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Fig. 7 MRI scans of the left knee in a 26-year-old patient F. showing: A — coronal view demonstrating high MRI signal at the
edges of posterior horn of the lateral meniscus being susceptible of a tear; B — sagittal view demonstrating homogenous hy-
pointense MRI signal; C — transverse view demonstrating hyperintense MRI signal being typical for fluid at the popliteal ten-
don

Fig. 8 MRI scans of the right knee in a 29-year-old patient K. showing: A — high MRI signal at marginal portions of the pos-
terior horn of the lateral meniscus susceptible of a tear on coronal plane; B — horizontal area seen in the posterior horn of the

lateral meniscus (Stoller grade I11) on sagittal plane

Fig. 9 MRI scans of the right knee in a 32-year-old patient V.: A — deformed course of the inner meniscal edge on coronal
plane; B — deformed meniscal ‘butterfly’ shape with no signs of distortion of meniscal flounce on sagittal plane

Therefore, MRI enables a detailed and comprehen- knowledge of anatomical variants and similar patholog-
sive evaluation of meniscus in three standard planes. ical MRI findings of the ligaments, tendons and fibro-
High intrameniscal and juxtmeniscal MRI signal does cartilaginous structures of the knee allows physicians to
not always indicate to pathological process. The avoid diagnostic errors.
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