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Abstract To examine the morphological changes of the
medial meniscus in advanced knee osteoarthritis (OA) we
examined 167 knee joints of 106 patients who subsequently
underwent total knee joint arthroplasty from January to May,
2007. All 106 patients were females and their ages ranged
from 57 to 83 years (mean 68.7 + 5.6 years). For patients
with complete loss of medial joint space by weight-bearing
radiography, the meniscal position was assessed by mea-
suring meniscal subluxation and meniscal height. Meniscal
morphology was assessed using a modified WORMS MRI-
based method. Description of the prevalence of different
meniscal morphologies and their respective positions are
presented. The predominant type (32.2, 64.1 and 83.8% in
anterior horn, mid-body and posterior horn, respectively) of
meniscal morphology abnormality was a hypertrophied
displaced tear. Medial meniscus height was found to be
higher than lateral meniscus height. In persons with an

K. A. Jung - S. C. Lee - S. H. Hwang
Department of Orthopaedic Surgery, Himchan Hospital,
Seoul, Korea

K. H. Yang
Department of Diagnostic Radiology, Himchan Hospital,
Seoul, Korea

D. H. Kim - J. H. Sohn
Department of Pathology, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

S. J. Song
Department of Opthalmology, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

D. J. Hunter (<)

Division of Research, New England Baptist Hospital,
125 Parker Hill Ave, Boston, MA, USA

e-mail: djhunter @caregroup.harvard.edu

hypertrophied meniscus the height of the medial meniscus
was 8.06 & 1.15, 10.03 & 1.79, and 8.61 & 1.57 mm at
anterior horn, mid-body and posterior horn, respectively,
compared to those in other categories whose height was
6.04 £ 092, 508 £+ 1.68 and 6.43 + 1.26 mm. A large
proportion of persons with end stage varus knee OA have a
paradoxically hypertrophied medial meniscus. This new
finding of hypertrophied menisci highlights that not all
menisci in persons with end stage OA are macerated or
destroyed.

Keywords Meniscus - Osteoarthritis

Introduction

Osteoarthritis (OA) frequently affects the knee and is
characterized by significant morphological changes of the
whole joint including cartilage loss, subchondral sclerosis
and cyst formation, osteophytosis, and meniscal degener-
ation [1-3]. With advanced disease plain radiographs
depict large osteophytes, marked joint space narrowing,
severe sclerosis, and definite deformity of bone contour. In
contrast to plain radiography, MRI can directly depict
changes in soft tissues of the synovial joint. One of the soft
tissues prominently involved in OA etiopathogenesis and
readily visualized on MRI is the meniscus.

Recent years have seen dramatic advances in our
understanding of the integral role of the meniscus for knee
function and the characterization of the frequency of
meniscal abnormality and its consequences on disease
progression. An intact and functional meniscus is integral
to loadbearing, shock absorption, stability enhancement,
and lubrication in the knee [4, 5]. The absence of a func-
tioning meniscus increases peak and average contact
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stresses in the medial compartment of the knee in a range
of 40-700% [6-8].

Degenerative meniscal lesions such as horizontal
cleavages, oblique or complex tears are associated with
older age [9], and by the time radiographic OA develops
the overwhelming majority of persons will have meniscal
lesions [9, 10]. Both meniscal subluxation and meniscal
tears are common in knees with OA and appear related to
the degree of joint space narrowing on plain radiographs
[11-13]. Although meniscal subluxation is found in the
absence of tears, generally meniscal subluxation occurs
after tearing, and increasing tear magnitude increases the
extent of meniscal subluxation and malposition [13].
Moreover, multiple tears and subluxation may ultimately
lead to complete maceration or complete resection. The
consequence of this damage is a markedly increased rate of
disease progression [13—15].

Based on prior reports [13] and existing dogma if OA
of the knee has progressed to an advanced stage with
complete loss of the medial compartment joint space on
radiographs, the medial meniscus and hyaline cartilage
may have been completely macerated/destroyed. How-
ever, we suspected that not all diseased medial menisci
are completely destroyed due to the mobility of the sub-
luxed meniscus itself. At present it remains unknown
whether the entire medial meniscus is completely mac-
erated/destroyed, as would be expected to parallel radio-
graphic findings in advanced medial compartment OA. To
date, little is known of the morphological changes of the
medial meniscus in advanced medial compartment OA.
The present study aimed at examining the morphological
and positional changes of the medial meniscus in
advanced OA.

Materials and methods
Study participants

154 potential participants were screened of whom 106 were
deemed eligible. All potential patients presented with varus
osteoarthritis. A series of knee radiographs (weight bearing
posteroanterior radiographs, weight bearing 30 degrees
posteroanterior, lateral, and skyline views) were obtained
for each patient to determine whether advanced radio-
graphic OA was present. The radiographs were graded
using the Kellgren-Lawrence (K&L) grading scale [16] and
scored for medial joint space narrowing (JSN) on a scale of
0 (normal)—3 (total joint space narrowing) with the help of
the Osteoarthritis Research Society International (OARSI)
atlas [17] by two experienced observers (KAJ, SHH)
reading in consensus. If patients had complete medial
joint space obliteration (K&L =4 and JSN = 3) by
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weight-bearing posteroanterior radiograph, they were eli-
gible for this study.

Ten of the original 154 patients screened were males,
and six of these patients were excluded because they failed
to meet the above inclusion criteria. As a result, the other
four men were also excluded to prevent possible bias due to
the low frequency of men in this sample. Another 38
patients were excluded due to secondary OA (i.e., OA
associated with trauma, prior surgery, or another disease
process), simultaneous lateral compartment OA with lateral
joint space narrowing, or a history of previous meniscus-
associated surgery. Patients without contraindications for
MRI underwent MRI of eligible knee joints. Thus after
applying the exclusion criteria above the final sample size
was 106 persons (167 knees). We examined 167 knee joints
of the 106 eligible patients, who subsequently underwent
total knee joint arthroplasty due to symptomatic end-staged
osteoarthritis between January and May, 2007.

The hospital ethics committee of Himchan hospital
approved the study.

MRI acquisition

Meniscus changes were assessed using a 1.5 T MRI system
in sagittal and coronal planes using spin-echo (proton
density weighted acquisition) and fast scan (T2-weighted
images) techniques. Sagittal and coronal spin-echo proton
density weighted acquisition images were acquired using
the following parameters: 1800/15/2(TR/TE/NEX), slice
thickness 4 mm, inter-slice gap 0.4 mm for coronal images
and 0.3 mm for sagittal images, slice thickness 3 mm, and
matrix 256 x 256. T2-weighted images were also acquired
using the following parameters: 3700/100/2(TR/TE/NEX),
slice thickness 4 mm, inter-slice gap 0.4 mm for coronal
images, and a slice thickness of 3 mm with an inter-slice
gap of 0.3 mm for sagittal images.

MRI interpretation

Anterior and posterior horns and mid-bodies of menisci
were examined for (1) meniscal morphology, and (2)
meniscal position (Figs. 1, 2). During the assessment, the
readers were blinded to radiographic results, patient
symptoms, patient age, and other clinical data.

Meniscal morphology (integrity) was measured inde-
pendently by two experienced raters (KHY, SCL, respec-
tively, 15 and 10 years of MSK radiology experience), and
overall ratings were determined by consensus when nec-
essary. Morphology at each portion of the meniscus was
assessed, using a modification of the whole-organ magnetic
resonance imaging score (WORMS) assessment method
[18]. According to our modification 0 = intact, 1 = minor
radial tear or parrot-beak tear, 2 = non-displaced tear,



Rheumatol Int (2010) 30:1325-1333

1327

Fig. 1 Morphology at meniscal Grade O
portions was assessed using a

modification of Peterfy’s whole-

organ magnetic resonance

imaging score (WORMS)

scoring system, where

Schematic drawing (a) and MRI
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3 = displaced but no tear, 4 = displaced tear or partial
resection, 5 = hypertrophied displaced, 6 = hypertrophied
displaced tear, 7 = complete maceration/destruction or
complete resection (Fig. 1). The meniscal integrities of
anterior and posterior horns of menisci were measured in
sagittal and coronal planes, in which meniscal morphology
was best observed. Mid-body height was measured where
medial tibial spine volume was maximal [13, 19, 20].
“Hypertrophy” was defined to be present when medial
meniscus height was >2 mm greater than that of the lateral
meniscus, regardless of medial meniscus width, using ref-
erence values of normal meniscus size [20]. The inter-rater
reliability of meniscal morphology ratings was 0.75
(kappa) for meniscal morphology at the anterior horn of the
medial meniscus, 0.79 at the mid-body of the medial
meniscus, and 0.77 at the posterior horn of the medial
meniscus.

Meniscal position was measured independently by two
experienced raters (KAJ, SHH, respectively, 7 and 5 years
of experience), and mean values were used for analysis.

Meniscal position was assessed by measuring meniscal
subluxation and height for each knee [20]. To determine
meniscal height, anterior and posterior horns of menisci
were measured in the sagittal plane, which allowed best
visualization of greatest meniscal size. Mid-body height
was measured in the coronal plane, where medial tibial
spine volume was maximal. Meniscal height was mea-
sured at the most peripheral edge of each meniscus,
regardless of whether the meniscus was “in-place”, sub-
luxed or extruded. To determine meniscal subluxation,
anterior subluxation of the anterior horn of the medial and
lateral meniscus was assessed in the area where the
subluxation is most prominent through multiple sagittal
slice. Medial subluxation of the mid-body of lateral and
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Fig. 2 Meniscal position and dimension was assessed by measuring
meniscal subluxation and height for each knee. To determine
meniscal height, anterior and posterior horns of menisci were
measured in the sagittal plane, which allowed for optimal visualiza-
tion of greatest meniscal size. Mid-body height was measured in the
coronal plane, where medial tibial spine volume was maximal.
Meniscal height was measured at the most peripheral edge of each
meniscus, regardless of whether the meniscus was “in-place”,
subluxed or extruded. To determine meniscal subluxation, anterior
subluxation of the anterior horn of the medial and lateral meniscus
was assessed in the area where the subluxation was most prominent
through multiple sagittal slices. Medial subluxation of the mid-body
of lateral and medial meniscus was measured where the volume of the
medial tibial spine was greatest. Posterior subluxation of the posterior
horn was not measured, because this could not be performed
accurately in the sagittal plane. Menisci that were completely
macerated or destroyed did not generate measurable subluxation

medial meniscus was measured where the volume of the
medial tibial spine was greatest. Posterior subluxation of
the posterior horn was not measured, because this could
not be performed accurately in the sagittal plane. Menisci
that were completely macerated or destroyed did not
generate measurable subluxation (Fig. 2). The inter-rater
reliabilities of meniscal position measurements were
determined by calculating intraclass correlation coeffi-
cients (ICCs). The ICCs for meniscal height and meniscal
subluxation were medial meniscal height at the anterior
horn 0.77, mid-body 0.78, and posterior horn 0.81; ante-
rior subluxation at the anterior horn 0.75, and medial
subluxation at mid-body 0.79.

Limb alignment assessment

The degree of varus deformity was measured as the
femorotibial angle (FTA) by two experienced raters
(KAJ, SHH) using a standing long limb radiograph.
Femorotibial angles (FTA) were measured by drawing a
line along the axis of the femoral shaft to intersect the
corresponding line drawn through the tibial shaft. During
the assessment, the readers were blinded to MRI results.
The reliabilities of femorotibial angle measurements
were determined by calculating inter-rater reliabilities
using intraclass correlation coefficients (ICCs). ICC for
FTA was 0.83.
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Histologic examination

Based on preoperative MRI findings, we selected meniscal
samples with definite hypertrophy with more than 10 mm
height in meniscus body portion. Among the selected
hypertrophic menisci samples the first ten consecutive
hypertrophied menisci were histologically analyzed by an
experienced pathologist. The specimens obtained at sur-
gery were fixed in 10% neutral-buffered formalin and
embedded in paraffin wax. The formalin-fixed, paraffin-
embedded tissue blocks were cut in 4-pm sections, and
then they were stained with hematoxylin and eosin (H-E)
for histologic examination.

Statistical analysis

We first described the frequency of mensical integrity for
each portion of the meniscus. The medial meniscus heights
and medial meniscal subluxation were compared with
those of lateral meniscus using the paired sample 7 test at
each meniscal portion, comprised of the anterior horn, mid-
body, and posterior horn. Meniscal height and subluxation
of hypertrophied meniscus (Grade 5 and Grade 6) at each
medial meniscal portion were also compared with those of
non-hypertrophied meniscus, using an independent ¢ test.
Varus alignment in patients with hypertrophied meniscus at
each meniscal portion was also compared with those of
non-hypertrophied meniscus, using an independent ¢ test.
Correlations between BMI, FTA with meniscus parame-
ters, such as meniscal height and meniscal subluxation
were made using correlation coefficients (r) for each knee.
All analyses were performed using SPSS 12.0 (SPSS Inc.,
Chicago, IL, USA). p values of 0.05 or less were consid-
ered significant.

Results

All 106 patients were women (ages ranged from 57 to
83 years, mean 68.7 £ 5.6 years). Average patient weight
was 63.0 = 10.2 kg (range; 42-94), average body mass
index (BMI) was 27.3 &£ 4.5 (range; 18.2-47.4), and
average height was 151.1 £ 6.1 cm (range; 137-167).

Meniscal morphology

The meniscal morphology for our study sample is sum-
marized in Table 1. The most frequent morphology
observed was a hypertrophied displaced tear (Grade 6),
which was the most common morphology in the anterior
horn (32.2%), mid-body (64.1%), and in the posterior horn
(83.8%) of the medial meniscus.
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Table 1 Meniscal morphology at each portion of the meniscus assessed by a modified WORMS approach

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Total

(%) (%) (%) (%) (%) (%) (%) (%) (%)
Ant. horn of MM 3 (1.8) 0 0 34 (20.4) 26 (15.6) 50 (30) 54 (32.2)* 0 167 (100)
Mid-body of MM 0 0 0 4(24) 41 (24.6) 3 (1.8) 107 (64.1)* 12 (7.2) 167 (100)
Post. horn of MM 0 0 0 2 (1.1) 24 (14.4) 0 140 (83.8)* 1(0.5) 167 (100)

Grade 0 = intact, 1 = minor radial tear or parrot-beak tear, 2 = nondisplaced tear, 3 = displaced but no tear, 4 = displaced tear or partial
resection, 5 = hypertrophied displaced 6 = hypertrophied displaced tear, 7 = complete maceration/destruction or complete resection

? Predominant type in each portion

Table 2 Meniscal position and meniscal height for each region of the meniscus, as determined by MR imaging

Subluxation
of LM (range)

Subluxation
of MM (range)

Height of
MM (range)

Height of
LM (range)

Anterior horn ~ 5.32 & 2.2 mm (0-10.84)* 273 + 1.82 mm (0-7.32)  7.30 &+ 1.45 mm® (3.81-10.71)  5.06 & 0.79 mm (3.3-7.64)

(n = 167)

Mid-body 6.07 + 0.46 mm (1.49-11.7)*  0.46 + 0.99 mm (0-4.39)  8.34 + 2.93 mm" (0.46-15.37) 5.75 + 0.16 mm (3.8-8.85)
(n = 167)

Posterior horn ~ Not measured Not measured 8.26 + 1.72 mm® (2.0-13.15) 5.60 £+ 0.83 mm (3.81-8.22)
(n = 167)

MM Medial meniscus, LM lateral meniscus, n total number of knees

 Statistically significant difference between subluxation of MM and subluxation of LM using the paired sample ¢ test at the anterior horn, mid-
body, and posterior horn

P Statistically significant difference between height of MM and height of LM using the paired sample  test at the anterior horn, mid-body, and
posterior horn

Table 3 Meniscal height, subluxation and limb alignment in hypertrophied menisci (Grade 5 and Grade 6) compared to non-hypertrophied
meniscus for each region of the meniscus

No. of FTA (°)  Subluxation Subluxation Height of Height of

knees (n) of MM of LM MM (mm) LM (mm)
Hypertrophied MM (Grade 5,6) Ant. horn 104 79453 60+ 1.86mm* 292+ 1.86mm 806 + 1.15° 5.10 £ 0.78
Mid-body 110 82451 6264 177 mm 041 4+ 0.96 mm 10.03 + 1.79° 5.78 & 0.97
Post. Horn 140 8.1 £5.4 Not measured Not measured 8.61 &+ 1.57° 5.58 & 0.84
Non-hypertrophied MM (remainder) Ant. horn 63 8055 421 +£249mm 243 +1.73mm 6.04 £092 5.04 £ 0.71
Mid-body 57 74 +£59 572+ 1.67mm 057 +1.05mm 508 +1.68 573 £+ 0.84
Post. Horn 27 74 £ 5.1 Not measured Not measured 643 £ 126 5.74 £0.77

MM medial meniscus, LM lateral meniscus, n total number of knees, FTA femorotibial angle

 Statistically significant difference between subluxation of hypertrophied meniscus and non-hypertrophied meniscus using the independent ¢ test
at the anterior horn, mid-body, and posterior horn

b Statistically significant difference between height of hypertrophied meniscus and non-hypertrophied meniscus using the independent f test at
the anterior horn, mid-body, and posterior horn

Meniscal position

The dimensions of subluxation and height of the medial
and lateral meniscus for whole sample are summarized in
Table 2. The height of the medial meniscus was signifi-
cantly greater than that of the lateral meniscus in all three
locations of measurement (p < 0.05). The subluxation of
the medial meniscus was also significantly greater than that
of the lateral menisus (p < 0.05).

The data regarding meniscal height and subluxation of
hypertrophied meniscus (Grade 5 and Grade 6), and non-
hypertrophied meniscus at each medial meniscal portion
are summarized in Table 3. In persons with hypertro-
phied meniscus, the subluxation of the medial meniscus
was 6.0 = 1.86 and 6.26 & 1.77 mm at anterior horn and
mid-body, respectively, compared to those in other cat-
egories whose subluxation was 4.21 +2.49 and
5.72 £ 1.67 mm. Persons with hypertrophied and non-
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Fig. 3 Low-power view of
hypertrophied meniscus
demonstrates increased non-
organized collagen matrix
without edematous change.
(Hematoxylin-eosin stain,
x100) (a) High-power view of
hypertrophied meniscus shows
increased non-organized
collagen matrix without
edematous change.
(Hematoxylin-eosin stain,
x400) (b). Low-power view of
meniscus shows multifocal
metaplastic cartilaginous tissue
(arrows) in collagenous stroma.
(Hematoxylin-eosin stain,
x100) (c) High-power view of
meniscus shows metaplastic
cartilaginous tissue containing
proliferating chondrocytes
(arrows) in collagenous stroma.
(Hematoxylin-eosin stain,
x400) (d)

hypertrophied meniscus showed similar subluxation at
mid-body.

Meniscal height in persons with hypertrophied menis-
cus was significantly greater than those with non-hyper-
trophied meniscus. In persons with an hypertrophied
meniscus the height of the medial meniscus was
8.06 & 1.15, 10.03 = 1.79 and 8.61 £ 1.57 mm at ante-
rior horn, mid-body and posterior horn, respectively,
compared to those in other categories whose height was
6.04 £ 092, 5.08 £ 1.68 and 6.43 £+ 1.26 mm. The
medial meniscus hypertrophy occurred irrespective of
lateral meniscal status which showed similar height of
lateral meniscus both in persons with hypertrophied
meniscus and other categories. Limb alignment in persons
with hypertrophied meniscus did not show significant
difference from those of non-hypertrophied meniscus.
Limb alignment (FTA) and BMI were not found to be
correlated with meniscal position.

Histologic analysis

In all ten consecutive hypertrophied menisci, histologic
analysis showed increased non-organized collagen matrix
and increased chondroid metaplasia without edematous
change (Fig. 3).

Remaining hypertrophied menisci were not analyzed
because the first ten consecutive patients showed consistent
findings.
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Discussion

In the present study, we examined medial meniscal mor-
phology and position in advanced knee OA. We found that
the majority of persons had a hypertrophied displaced tear
of the meniscus with well-preserved meniscal height. In
contrast to other studies we did not find a predominance of
macerated/destroyed menisci in persons with knee OA
[13].

Radiographically, loss of joint space in OA knees
reflects changes in both hyaline articular cartilage and
meniscus [19]. Structural changes in the meniscus have
been previously described using global meniscal grading
and WORMS scores [13, 18, 21, 22]. Based on prior
studies one might assume that if OA of the knee progresses
to the advanced stage with complete loss of the medial
compartment joint space that whole or partial segments of
the medial meniscus may be completely macerated or
destroyed. However, in the present study the majority of
menisci were hypertrophied. MR images depict an apparent
increase in meniscal height with overall increased mensical
volume and preservation of characteristic meniscal shape.
The position of the meniscus, however, is subluxed or
extruded accounting for the reduction in joint space
(Fig. 4). Our data showed that the mean subluxation was
6.26 = 1.77 mm at mid-body in persons with hypertro-
phied meniscus. 108 out of 110 hypertrophied meniscus at
mid-body (98.18%) showed subluxation with various
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Fig. 4 In case I, the meniscus
shown in the medial
compartment of the MR images
in both knees was hypertrophied
(b), even though a loss of
medial joint space was evident
in the anteroposterior
radiograph with the knee in 30
degrees of flexion (a). In case II,
The meniscus shown in MR
image of right knee was
hypertrophied (d) compared
with those of left knee, even
though a loss of medial joint
space of right knee was evident
in the anteroposterior
radiograph with the knee in 30
degrees of flexion (c)

values. Remaining 2 meniscus (1.82%) showed dislocation.
“Meniscus-in-place” within joint was not found in this
study.

This hypertrophied type of morphologic abnormality
does not exist in current scoring systems [13, 18, 21, 22]. In
the present study, 62.2% (104 knees) of anterior horns,
65.9% (110 knees) of mid-bodies, and 83.8% (140 knees)
of posterior horns, meniscal heights were more than 2 mm
greater than those of corresponding lateral menisci. Also
the mean anterior horn, mid-body, and posterior horn
heights in hypertrophied menisci were; 8.06 £ 1.15,
10.03 &£ 1.79, and 8.61 £ 1.57 mm, respectively. These
height measures are substantially more than what our
review of the literature revealed; average meniscus heights
in normal knees of 3 and 5 mm [20, 23-25]. Erbagci et al.
[20] also reported a mean normal height for the anterior
horn of the medial meniscus of 5.32 & 0.95 mm, a mid-
body height of 5.03 & 0.91 mm, and a posterior horn
height of 5.53 £ 0.99 mm. While a hypertrophied menis-
cus may not be materially and mechanically viable [25]
existing dogma appears to be incorrect in suggesting that
in the vast majority of persons with end-stage OA the
meniscus is destroyed/macerated. The issue, whether this
represents a reparative response of the joint or degeneration
of the extracellular matrix with myxomatous or edematous
changes remains to be determined [26, 27].

Meniscal coverage and meniscal height diminish with
increasing meniscal subluxation [13]. However, this prior
study revealed that meniscal height was only measured
from the non-subluxed edges of medial menisci to edges of
the medial tibial plateau, whereas in the present study,
meniscal height was measured at the most peripheral edge
of hypertrophied medial menisci, and this measurement
was affected by meniscal subluxation and joint space

widening due to cartilage loss. Therefore, in their study,
meniscal heights may have been lower than previously
reported.

The present study has several limitations that require
consideration. First, all subjects were referred to the hos-
pital for total knee arthroplasty due to severe symptoms;
thus the findings may not be generalizable to all persons
with knee OA. In addition, as they represent persons with
severe deformity they may also not be generalizable to the
typical pre-surgical population. Second, although joint
spaces were obliterated on weight bearing radiographs,
there were some patients that did not complain of knee
pain. These patients did not undergo total knee arthroplasty
and were excluded from this study. Third, the cohort size
(167 knees) was relatively small, and thus, different results
may have been obtained had we enrolled a larger com-
munity-based sample that included both symptomatic and
asymptomatic subjects. Fourth, there is a possibility that
menisci in our subjects could change further into complete
destruction or maceration, which could affect our findings.
Fifth, it is unclear whether the etiology reflects a reparative
response, or alternatively if discoid menisci (which are
more common in Korea [28, 29]) may portend to the
development of hypertrophied displaced tears. Sixth, as
our study has enriched the sample with “endogenous or
primary OA” by excluding subjects with previous knee
injury, surgery, secondary OA and systemic disease,
menisci in these specific situations was not investigated.
Seventh, because only ten consecutive menisci were
included in our histologic study, we cannot rule out the
possibility of volume increase of meniscus secondary to the
edematous change. Although all ten cases showed consis-
tent histologic findings, further histologic study with a
larger number of cases might be needed for this issue in the
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future. However, we think that MRI findings and consistent
histologic findings in ten consecutive menisci might sug-
gest that enlarged meniscus was a form of hypertrophy,
rather than form of edematous change, and we also think
that paradoxical hypertrophied meniscus should be con-
sidered as the form of meniscus change in the end-staged
varus osteoarthritis of the knee.

Finally, only women were enrolled in this study. Male
patients were excluded because of limited numbers and low
prevalence of total knee replacements amongst men in
Korea [30]. Accordingly, the extrapolation of our results to
male populations is uncertain. Further studies are needed
on this topic.

An additional limitation of this study is that we have
used a modification of an existing instrument to grade
meniscal morphology. As hypertrophied menisci with
increased meniscal heights were commonly found in sur-
gical practice, it was evident that the meniscal morphology
aspect of existing global meniscal grading system at each
meniscal portion would require modification. This modi-
fied grading system was devised after a thorough exami-
nation of 167 knee joints, and all menisci studies were
gradable using this system.

Given the above limitations, we cannot definitively
conclude that degenerative menisci in knees with advanced
OA are primarily hypertrophied rather than macerated/
destroyed. Nevertheless, our data suggest that the medial
meniscus is paradoxically hypertrophied in a large pro-
portion of persons with advanced knee OA. The hyper-
trophied meniscus with increased meniscal height was the
predominant form of meniscal abnormality identified in our
sample. Therefore, we consider that the existing knee
osteoarthritis evaluation methods require modification with
respect to determining meniscal morphology scores to
include the hypertrophied meniscus [18, 21, 22].

To our knowledge, this is the first description of the
prevalence of different meniscal morphologies in persons
with end-stage OA and the high prevalence of hypertro-
phied displaced tears of the meniscus. The role of the
hypertrophied meniscus in disease progression, its position
within the stage of evolution of meniscal morphologic
abnormality, and the etiology of the hypertrophied menis-
cus remain to be determined.
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