
Introduction

Lateral meniscal variants include several pathologic
entities, which vary with respect to size, shape, and
attachment. Such variability is likely due to multifacto-
rial origins with probable congenital and developmental
influences. The most common lateral meniscal variant is
the discoid meniscus. Other anomalies of the lateral

meniscus such as a ring-shaped lateral meniscus are
relatively rare. In a review of 20 published reports of
lateral meniscal variants, it was found that most of these
reports [1, 2, 5, 6, 24] except for a few [3, 8, 18] have
focused on only a limited age group (mostly children).
Also these studies had a small number of cases in their
reports. We, however, meet patients of diverse age
groups in our actual practice.
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Abstract We reviewed 164 consecu-
tive cases (158 patients) of arthro-
scopic examinations for lateral
meniscal variants during the last
10 years. We classified lateral meni-
scal variants into four types by
arthroscopic appearance, into six
tear patterns by modifying O’Con-
nor’s classification, and compared
magnetic resonance images (MRI)
with arthroscopic findings. Regard-
ing the four types, 131 cases were
complete, 25 cases were incomplete,
4 cases were Wrisberg, and 4 cases
were ring-shaped meniscus. The six
tear patterns were as follows: 33
simple horizontal, 21 combined
horizontal, 37 longitudinal, 27 cen-
tral, 14 complex, and 12 radial tear.
Among the 31 knees with a central
tear or ring-shaped meniscus, we
reviewed 25 MR images. Fifteen
(60%) MRI findings were inter-
preted to represent a bucket-handle
(displaced) tear of the normal C-
shaped meniscus; 7(28%) MRI
findings, a discoid meniscal tear; and
the remaining 3(12%) MRI findings,
a simple meniscal tear. Moreover, all

ring-shaped menisci were interpreted
as a displaced lateral meniscal tear
on the MRI findings. Twelve pa-
tients (13 knees, 7.9%) had osteo-
chondritis dissecans: Nine patients
(10 knees) of them had a central tear,
two patients (2 knees) of them had a
simple horizontal tear of the discoid
meniscus, and one patient (1 knee)
had a ring-shaped meniscus. Twenty
three patients (92.6%) with a central
tear of the discoid meniscus did not
have any traumatic events. For the
differential diagnosis of a central
tear or a ring-shaped meniscus from
a bucket-handle tear of the normal
C-shaped meniscus, we should take
a careful history, in particular any
traumatic events, we should also
consider the possibility of misinter-
preting the MR images though these
images can provide additional
information about associated
abnormalities and probe carefully in
the arthroscopic operations.
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The purpose of this study was to classify lateral
meniscal variants into the four types based on arthro-
scopic appearance, into six tear patterns by modifying
O’Connor’s [19] classification in a large number of cases
comprehensively, and to compare MR images with
arthroscopic findings.

Materials and methods

We reviewed 164 consecutive cases (158 patients) of
arthroscopic examinations performed by the senior au-
thor (K.H.S) at one institute for lateral meniscal variants
between September 1993 and September 2003 for
10 years. During the same period, 1,221 arthroscopic
operations were performed because of symptoms
attributable to the meniscus or other structures of the
knee. Among them, 164 (13.4%) knees had lateral
meniscal variants whether torn or not. Also, 510
arthroscopic meniscal resections were performed in the
same period, 144 (28.2%) meniscal resections of them
were done due to lateral meniscal variants.

There were 83 males (85 knees) and 75 females (79
knees) and the average age was 27.9±13.1 years (range,
3–59 years). Ninety-one (55.5%, 87 patients) knees were
affected in the second or the third decade. The age dis-
tributions are presented in Table I. Eighty-one patients
were affected in the right knee, 71 patients were affected
in the left knee, and six patients were affected in the
bilateral knee. The operative findings were recorded and
collected in a standard, predetermined format by a single
surgeon (K.H.S.), even though this was a retrospective
study.

Based on the detailed arthroscopic photographs and
operation records, we classified the lateral meniscal
variants into four types (Fig. 1) by modifying the Wa-
tanabe’s [23] classification such as complete, incomplete,
Wrisberg, and ring-shaped meniscus (Fig. 2).

For the tear pattern, we modified the O’Connor’s [19]
classification of meniscal tears to classify the variable
tear patterns into six simple and comprehensive cate-
gories (Fig. 3): (1) a simple horizontal tear; (2) a com-
bined horizontal tear, in which the major tear
component is horizontal and another tear component is

accompanied according to Bin et al. [3]; (3) a longitu-
dinal tear including peripheral tear; (4) a radial tear
including a oblique and a flap tear; (5) a complex tear
including a degenerative tear, which is a combination of
two major components except a horizontal tear or a
combination of three or more major tear components
including a horizontal tear; and (6) a central tear
(Fig. 4), which is a broad spectrum of the wear in the
central portion of the discoid meniscus as a result of
repeated maceration. We regarded as a central tear from
wearing of superior or inferior surface to a central per-
foration without other major tear component. The ex-
tent of the meniscal resection was dependent on the tear
pattern and symptoms, which consisted of a partial, a
subtotal, a total menisectomy and a simple diagnostic
arthroscopy without a menisectomy. We reviewed the
MRI findings of the central tear of the discoid meniscus,
and the ring-shaped meniscus which were diagnosed by
an arthroscopy, and reviewed any traumatic histories.

Results

From the classification of the four types based on
arthroscopic appearance, 131 (79.9%) cases were com-
plete, 25 (15.2%) cases were incomplete, 4 (2.4%) cases
were Wrisberg type, and 4 (2.4%) cases were ring-
shaped meniscus. Among 164 knees, 144 (87.8%) knees
had a meniscal tear and 20(12.2%) knees had no tear.
The six tear patterns were as follows: 33(20.1%) simple
horizontal, 21(12.8%) combined horizontal, 37(22.6%)
longitudinal, 27(16.5%) central, 14(8.5%) complex, and
12(7.3%) radial tear. Table 2 presented tear patterns
according to the types of lateral meniscal variant.

For the extent of a meniscal resection with or without
meniscal repairs, the types of surgery performed were
77(47%) subtotal menisectomies, 43(26.2%) partial
menisectomies, 24 (14.6%) total menisectomies, and 20
(12.2%) diagnostic arthroscopy without a menisectomy.

Among the 29 patients (31 cases) with a central tear
(27 cases) or a ring-shaped meniscus (4 cases), we re-
viewed 25 MR images of 23 patients who took it. Only
seven (accuracy = 28%) MRI findings were interpreted
to represent a discoid meniscal tear. On the other hand,
18 (72%) MRI findings were misinterpreted to represent
a bucket-handle (displaced) tear (15 findings) of the
normal C-shaped lateral meniscus or a simple tear (3
findings) of normal C-shaped lateral meniscus. More-
over, all ring-shaped menisci were misinterpreted as a
bucket-handle tear of a normal C-shaped lateral
meniscus of the MRI findings.

For the traumatic histories, 23 patients (25 knees,
92.6%) with a central tear did not have any specific
traumatic events and only two patients (2 knees, 7.4%)
experienced trauma: One individual collided with a
person during a soccer game 2 years ago and the other

Table 1 The age distribution of patients with lateral meniscal
variants

Age (years) Number (patients)

0–9 8
10–19 39
20–29 48
30–39 28
40–49 22
50–59 13
Total 158
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collided with a motorcycle 15 years ago. Seventy-eight
(78 knees, 96.3%) of 81 patients (81 knees), however,
who were diagnosed with a bucket-handle tear from an
arthroscopic operation during the same index period
experienced specific traumatic events from playing soc-
cer, basketball, and being in a traffic accident with
anterior cruciate ligament rupture. They recall the
trauma that occurred with pinpoint accuracy. The other
three (3.7%) patients who could not describe their
traumatic events complained of intermittent pain,
swelling, and locking from 5 years to 10 years ago.

One of the four patients with a ring-shaped meniscus
was discovered during a posterior cruciate ligament
reconstructive surgery incidentally and the other three
patients with a ring-shaped meniscus were transferred to
our department with recurring pain at the lateral aspect
of the affected knee. All patients with a ring-shaped
meniscus had no traumatic history.

For associated injuries, 12 patients (13 knees, 7.9%)
had osteochondritis dissecans; nine (10 knees) of them
had a central tear, two patients (2 knees) had a simple
horizontal tear, and the remaining one patient (1 knee)
had a ring-shaped meniscus. Nine patients (9 knees) had
a anterior cruciate ligament tear and two patients (2
knees) had an posterior cruciate ligament tear.

Discussion

The normal lateral meniscus is more morphologically
variable than the medial meniscus and the most common
lateral meniscal variant is the discoid meniscus. Other
anomalies of the lateral meniscus such as ring-shaped

lateral meniscus are relatively rare. Since the publication
of Watanabe’s Atlas [23], three types of lateral meniscal
abnormalities have been generally accepted. He classi-
fied a discoid meniscus according to morphological basis
into complete, incomplete, and Wrisberg type meniscus.
Several recent descriptions [11, 14] of a ring-shaped
lateral meniscus, however, could be evidence of another
type. Monllau et al. [14] described the existence of a
fourth meniscal malformation variant, characterized by
a ring-shaped morphology with a normal posterior tibial
attachment. The authors agree with the existence of this
fourth meniscal variant and four (2.4%) knees had a
ring-shaped meniscus in our study.

The reported prevalence of discoid lateral meniscus
varies, depending on the method of investigation, the
selection criteria, and the patient population. Discoid
lateral meniscus, however, is not a rare disease entity in
far eastern countries such as Korea and Japan. Reported
prevalence in western countries is 0.7%–5.2% [4, 15, 16,
24], while the prevalence in Korea and Japan has been
reported to be between 15.2% and 16.6% [3, 8, 18]. In
our clinic, the prevalence was 13.4%, which was con-
firmed by arthroscopic examinations incidentally or
symptomatically. The proportion of Wrisberg type
meniscus has been reported to be between 0% and 33%
[6, 8, 10, 12, 20–22] and we found four patients (4 knees,
2.4%) with it. For bilateral occurrence, Bellier et al. [2]
reported 20% of patients with a discoid meniscus, Bin
et al. [3] reported 4.9%, and our result was 3.8% (six
patients).

Our classification of tear patterns is more compre-
hensive and simpler than that of original O’Connor’s.
The longitudinal tear includes a peripheral tear, the ra-

Fig. 1 Schematic drawings of
the modified Watanabe’s clas-
sification for lateral meniscal
variants: a a complete meniscus,
b an incomplete meniscus, c a
Wrisberg meniscus, and d ring-
shaped meniscus
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dial tear includes a flap and an oblique tear. When the
horizontal tear was accompanied by another tear com-
ponent, extent of meniscal resection depended mainly

upon the latter according to Bin et al. [3]; hence we
subdivided horizontal tears into simple and combined
horizontal tear groups. Also, we proposed a new tear

Fig. 2 a–c A ring-shaped lateral
meniscus without any sign of a
tear on an arthroscopy (a), the
MR images of coronal (b) and
sagittal (c) views show an
unusual shape of the lateral
meniscus, mimicking a bucket-
handle tear of the C-shaped
lateral meniscus
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pattern, which we called ‘central tear’ and there were
27(16.5%) central tears in our study. We believe that the
central tear pattern has been neglected because it is
difficult and confusing to distinguish it from a ring-
shaped meniscus, in particular, a displaced meniscal tear
like a bucket-handle tear of the C-shaped lateral
meniscus which we meet quite often in our practice. In
our experience, 54 knees (32.9%) had a horizontal tear
component (33 simple, 21 combined), which was the
most common. The distribution of the tear pattern has
been reported in several studies [3, 6, 8, 21]. Smillie [21]
stated that a horizontal cleavage was the most common
type of tear of a discoid meniscus. Bin et al. [3] stated
that 36% (39 of 108 cases) of patients had a horizontal
tear component that was the most common type.

The ring-shaped meniscus is abnormally circular in
shape, which has also been found in animals other than
humans [10] and usually at the lateral meniscus [7, 10,
11, 14, 17]. The inner portion of the ring-shaped me-
nisci was the same as that of the normal menisci with a
sharp and tapering inner margin, and was not mobi-

lized when we tried to move the medial portion within
an intercondylar notch with a probe toward the lateral
side. These are what make our cases different from the
bucket handle tear or central tear. On the other hand,
the central tear has an irregular or degenerative circular
inner margin that is not tapered and sharp. We re-
garded a central tear as one from the wear of a superior
or inferior surface by repeated maceration to the cen-
tral perforation without any other major tear compo-
nent. For a bucket-handle tear of the C-shaped lateral
meniscus, the displaced meniscal portion within the
intercondylar notch is usually movable and reducible
into lateral portion of the meniscus and we are able to
observe the detached portion from the lateral joint
capsule.

In interpreting the MRI, it is important to keep in
mind the possibility of a ring-shaped meniscus or central
tear in a differential diagnosis of a displaced meniscal
tear. The presence of a redundant meniscus centrally
placed within a joint in the MRI usually implies a dis-
placed meniscal tear such as a bucket-handle tear of the

Fig. 3 Schematic drawings of
the modified O’Connor’s clas-
sification for lateral discoid
meniscal tears: a a simple hor-
izontal, b a combined horizon-
tal, c a longitudinal, d a radial,
e a complex, and f a central tear
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C-shaped lateral meniscus. Usually, patients with a
bucket-handle tear have experienced traumatic events.
We reviewed 81 consecutive cases and most of them

(96.3%) experienced specific traumatic events. On the
other hand, 23 patients (92.6%) with a central tear had
no traumatic event.

Fig. 4 a–c A central tear has
irregular or degenerative inner
margin which is not tapered and
sharp (a), the MR images of
coronal (b) and sagittal (c)
views show the presence of a
redundant meniscus centrally
placed within a joint which
implies a displaced meniscal
tear such as a bucket-handle
tear of the C-shaped lateral
meniscus
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The association of osteochondritis dissecans in the
lateral femoral condyle with a torn discoid lateral
meniscus in children was first described by Irani et al. [9].
Since then, Aichroth et al. [1] found seven knees with
osteochondritis dissecans affecting the lateral femoral
condyle in 62 knees with a lateral discoid meniscus in-
jury in 52 children under 18 years of age. Mitsuoka et al.
[13] studied the clinical features of osteochondritis dis-
secans affecting the lateral femoral condyles and noted
that all patients in their series were in the growing period
and had a damaged lateral discoid meniscus. In our
study, twelve patients (13 knees, 7.9%) had osteochon-
dritis dissecans, which was associated with ten central
tears, one ring-shaped meniscus, and two simple hori-
zontal tears. Unlike the above-mentioned cases, there

were three children under 18 years of age in our cases,
however, repetitive abnormal stress associated with a
central tear might be a cause of osteochondritis dissec-
ans of the lateral femoral condyle in adults as well as in
the growing period.

In summary, it is difficult and confusing to distin-
guish a ring-shaped meniscus or central tear of the dis-
coid meniscus from a bucket handle tear of the C-shaped
lateral meniscus. For the differential diagnosis of them,
we should take a careful history, in particular, any
traumatic event. We should also consider the possibility
of misinterpreting the MRI, though these images can
provide additional information about associated
abnormalities. Finally, we should carefully probe in the
arthroscopic operations.

Table 2 Tear patterns
according to types of discoid
lateral meniscus

aIncluding peripheral tear

Tear pattern Type of lateral meniscal variants

Complete Incomplete Wrisberg Ring Total (%)

Not torn 16 2 0 2 20 (12.2)
Simple horizontal 26 6 1 0 33 (20.1)
Combined horizontal 18 2 1 0 21 (12.8)
Longitudinala 29 6 2 0 37 (22.6)
Central 27 0 0 0 27 (16.5)
Complex 11 3 0 0 14 (8.5)
Radial 4 6 0 2 12 (7.3)
Total (%) 131 (79.9) 25 (15.2) 4 (2.4) 4 (2.4) 164 (100)
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