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Objective: Medial radial displacement (MRD) of the medial meniscus is a feature proving a dysfunction in
the medial meniscus in osteoarthritis (OA) of the knee. MRD was measured in radiographic pre-OA knee
and early osteoarthritis of the knee (early-OA) longitudinally using ultrasound (US) to investigate the
characteristics involved in the onset and progression of OA.
Methods: Fifty-five patients with pain on the medial side of the knee participated in the present study. It
was possible to follow-up 46 patients for 5 years, and, thus, they were divided into 32 pre-OA patients
(female: 59%, mean age: 69.0 years) and 14 early-OA patients (female: 78%, mean age: 74.4 years) based
on radiography at the baseline time-point. MRD was measured in standing and supine positions at
baseline and after 1 and 5 years using US. MRD corrected with the skeletal size, i.e., the medial
displacement index (MDI), was analyzed. The pre- and early-OA groups were divided into subgroups at 5
years: stable and OA progression groups, following the Kellgren/Lawrence classification, and ⊿MDI (gap
of the MDI between the standing and supine positions) were retrospectively compared between the
subgroups at baseline, 1 and 5 years.
Results: In the overall pre-OA group, MDI increased by 7% and 10% at 5 years in the supine and standing
position, showing a significant increase (P ¼ 0.044, 0.0147). ⊿MDI was significantly greater in the sub-
group with OA progression in the pre- and early-OA groups (P ¼ 0.02 and 0.03, respectively), and was
continuously 6e7% in the pre-OA progression group, showing that the displacement rate was 2-fold or
higher than in the stable group.
Conclusion: An increase in ⊿MDI on US may be an important risk factor for the disease stage progression
of OA and useful as a feature predicting the onset of radiographic knee OA.

© 2016 The Japanese Orthopaedic Association. Published by Elsevier B.V. All rights reserved.
1. Introduction

The retention of meniscal function in the knee is closely asso-
ciated with the onset of knee osteoarthritis (OA) and its aggravation
to a more severe state. Its involvement in secondary knee OAwith a
known cause is clear in many cases: cartilage defects were found to
be produced approximately 2 years earlier in patients treated with
partial meniscectomy than in age-matched controls, and the risk of
knee OA in long-term outcomes was markedly higher in patients
treated with meniscectomy than in controls [1,2]. Meniscal
degeneration and injury are assumed to be involved in the pa-
thology of primary knee OA, and previous studies reported that the
degeneration, tears and positional abnormalities in the meniscus
lead to the loss of its main functions, namely, load bearing and
mi).

tion. Published by Elsevier B.V. All
shock absorption, and ultimately to the loss of cartilage [3,4].
Medial radial displacement (MRD) of the medial meniscus is often
observed in knee OA [5] and is considered to indicate meniscal
dysfunction. The incidence of meniscal malposition in the general
population was recently found to be high [6]. Furthermore,
meniscal malposition has been identified as a potent risk factor for
knee OA [3,7], and MRD is regarded as a part of the pathology
involved in the onset and progression of primary knee OA. MRD is
more useful when it is evaluated during weight-bearing or the
difference between weight-bearing and non-weight-bearing is
assessed. Previous findings have been insufficient to conclude the
involvement of MRD in the pathology of knee OA because they
were obtained using a non-weight-bearing test in their respective
studies with MRI. Naredo et al. initially reported meniscal protru-
sion using US and concluded that US is a non-invasive diagnostic
tool for evaluating periarticular and intraarticular abnormalities
involved in knee OA [8]. Kawaguchi et al. demonstrated that US is
rights reserved.
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capable of evaluating meniscal function in pre-OA and early-stage
knee OA (early-OA), which was difficult in previous examinations,
because knee OA may be evaluated with and without weight
bearing. They concluded that coverage of the joint cartilage surface
with the meniscus is similar to that in the normal knee until
Kellgren/Lawrence (K/L) radiographic grading system grade 1,
which is pre-OA [9].

Based on the above findings, US appears to be very useful in
imaging examinations for the screening of knee OA including
pre-OA and early-OA because it is capable of simply and non-
invasively evaluating meniscal function, [10,11]. However, previ-
ous studies were cross-sectional or short-term studies, and changes
with time from pre-OA to early-OA, i.e., the process or character-
istics of changes from a functional to dysfunctional meniscus, were
not clarified, and, thus, were insufficient to clarify the usefulness of
the evaluation of MRD as an index to identify those at risk of
developing knee OA.

In the present study, a prospective approximately 5-year follow-
up study was performed using middle-aged-elderly subjects with
radiological pre-OA and early-OA in which MRD was measured
using US with and without weight bearing. Furthermore, the
characteristics of time-course changes in MRD in the knee subse-
quently developing knee OA and the usefulness of MRD as a risk
factor of knee OA were investigated.

2. Patients and methods

2.1. Study design

Subjects were comprised patients with pre-OA and early-OA.
Pre-OA was defined as K/L grade 1 or milder OA, and early-OA as
K/L grade 2 OA. In all knees, the K/L grade was assessed in a
radiographic examination in the standing position and MRD of the
medial meniscus was measured in a US examination at the baseline
time-point. Regarding patients who discontinued attending the
hospital, we contacted them by telephone and set an appointment
for re-evaluations one and 5 years after the first investigation. The
K/L grade was assessed by radiography in the standing position and
MRD of the medial meniscus was measured on US in all knees after
one and 5 years. Based on the results of the radiographic exami-
nation in the standing position after 5 years, subjects were divided
into those with and without the progression of OA, namely the
progression and stable groups, respectively. The pre- and early-OA
groups were retrospectively divided into subgroups: progression
and stable groups, and the relationship between MRD and OA
progression were investigated. The specific features evaluated are
described below.

The Ethics Committee of Tottori University Faculty of Medicine
approved the present study. Informed consent was obtained from
all participating subjects.

2.2. Patient selection

Between February 2007 and March 2012, 720 patients aged 40
years or older visited the outpatient clinic of Tottori University
Hospital Department of Orthopedics with knee pain and pain
around the knee. Exclusion criteria were knee OA (K/L grade � 3),
previous medical histories of fracture around the knee and avas-
cular necrosis, ligament injury of the knee, rheumatoid or other
inflammatory arthritis, periarticular fracture, Paget's disease, vil-
lonodular synovitis, joint infection, neuropathic arthropathy,
acromegaly, hemochromatosis, gout, and pseudo gout, and 55 pa-
tients without a previous history of knee surgery who gave consent
to the study participated. Forty-six patients for whom it was
possible to follow-up for 5 years (mean: 62 months) were selected
as subjects. Nine patients were not followed-up because of high
tibial osteotomy in 4, partial meniscectomy in 2 and a decline in
cooperation with the study in 3. Thirty-four (73.9%) out of 46 pa-
tients were female. On radiography in the standing position at the
baseline time-point, pre-OA (K/L � 1) and early-OA (K/L grade 2)
were noted in 32 and 14 knees, respectively, and the latter was
medial OA in all cases. Twenty-nine patients had no previous
medical history of trauma, and the absence of cartilage defects and
apparent meniscal injury (locking and transverse tears in the pos-
terior horn of the medical meniscus) were confirmed on MRI at the
baseline time-point. In 17 patients, the absence of meniscal signs
and injuries or previous medical histories of cartilage and ligament
injuries was confirmed by a physical examination. The absence
cartilage loss and meniscal tear were confirmed on MRI within this
study period. Among patients with knee pain in or around the
unilateral knee, the affected knee was selected, while among those
with pain in or around the bilateral knees, the knee with milder
symptoms was selected (the right knee: 14, left knee: 22). In the
pre-OA group, females accounted for 59%; the mean age was 69.0
years old and the mean duration of the course observationwas 51.3
months. In the early-OA group, females accounted for 78%; the
mean age was 74.4 years old and the mean duration of the course
observation was 62.0 months.

2.3. US evaluation

All patients were subjected to US by 2 examiners (TK and KK)
employing the standardized scanning method [12,13].

At the time of the evaluation, the examiners were unaware of
whether the subject was a pre-OA or OA subject. US evaluations
were performed with both knees in complete extension in both the
standing and supine positions. In the standing position, the incli-
nation of the body trunk and pelvis was used as an index to confirm
that weight was well balanced on both lower limbs. In the standing
position, the feet were placed in a mid-position between the in-
ternal and external rotation of the calf. In the supine position, the
mid-position was retained by placing retainers on the lateral sides
of the feet.

MRD of the medial meniscus was measured in longitudinal US
images obtained with a 5-MHz linear transducer (SSD-2000;
Hitachi Aloka Medical, Hitachi HI VISION Avius) at a site at which
the medial collateral ligament was the most clearly visualized. The
medial collateral ligament was visualized as a 3-layer structure on
US. The hyperechoic band closest to the superficial layer was the
superficial ligament, and the deep ligament was visualized as a
hyperechoic band in a deeper layer below hypoechoic bands
composed of loose connective tissue. The medial meniscus is
typically visualized as hyperechoic tissue located in the center of
the femorotibial joint. The margin of the medial meniscus is
continuous with the deep medial collateral ligament, and no clear
boundary is observed at its attachment site. The femoral condyle,
tibia plateau, medial meniscus, and medial collateral ligament may
be readily visualized and identified. MRD was measured as the
distance from the outermost edge of the medial meniscus to a line
connecting the femoral and tibial cortices (Fig. 1).

When marginal osteophytes were present in the femur and
tibia, MRD was measured as the clearly visualized normal cortical
bone continuous with the femoral and tibial marginal osteophytes.
The measurement was performed 3 times in each patient, and the
meanwas used as the measured MRD value. A magnified image (to
an accuracy of 0.1 mm) was used to measure MRD on the US
monitor.

US measurements of MRD of the medial meniscus were per-
formed at baseline and at the follow-up. The intraobserver intra-
class correlation coefficient was 0.959 (P < 0.001) for the distance



Fig. 1. Longitudinal sonographic image of the right knee of a 66-year-old woman at the
level of the medial collateral ligament. Parallel marks running horizontally near the
center of the image connect the femoral cortical bone and tibial cortical bone.
MCL ¼ medial collateral ligament; O ¼ osteophyte; h ¼ medial radial displacement;
M ¼ medial meniscus; F ¼ femoral condyle; T ¼ tibial plateau.

Table 1
Baseline characteristics of OA patients and controls.a

Group No. of
subjects

No. (%) of
females

Age,
mean ± SD
years

BMI,
mean ± SD
kg/m2

pre-OA 32 19 (59) 69.0 ± 1.0 23.5 ± 2.9
early-OA 14 11 (78) 74.4 ± 6.8 25.6 ± 2.9

a Differences between osteoarthritis (OA) patients and control subjects were not
significant. BMI ¼ body mass index; K/L ¼ Kellgren/Lawrence.

Table 2
Changes in medial radial displacement of the medial meniscus from baseline to the
final follow-up in supine and standing positions.a

MRD in the
supine position
(mm)

MRD in the
standing position
(mm)

P

pre OA(0) 3.6 ± 1.0 4.0 ± 1.1 <0.0001
pre OA(1) 4.2 ± 0.8 4.7 ± 0.9 0.0022
pre OA(5) 4.3 ± 1.2 4.9 ± 1.3 <0.0001
e OA(0) 5.6 ± 1.0 6.2 ± 1.1 0.0019
e OA(1) 6.2 ± 1.1 6.5 ± 1.2 0.0022
e OA(5) 6.2 ± 1.0 6.6 ± 1.2 0.0015

a Changes in medial radial displacement (MRD) of the medial meniscus from
baseline to the final follow-up in 32 pre-osteoarthritis knees and 14 early-stage
osteoarthritis knees, as measured by ultrasound with patients in the supine posi-
tion as well as in the standing position. Abbreviations: preOA(0), pre-osteoarthritis
knees at baseline; preOA(1), pre-osteoarthritis knees at the 1-year follow-up;
preOA(5), pre-osteoarthritis knees at the 5-year follow-up; eOA(0), early-stage
osteoarthritis knees at the baseline; eOA(1), early-stage osteoarthritis knees at the
1-year follow-up; eOA(5), early-stage osteoarthritis knees at the 5-year follow-up.
Values are the mean ± SD.
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measurement of mMRD. In order to calculate he intraclass corre-
lation coefficient, a single observer examined 10 OA patients, and
measurements were performed 3 times at 1-week intervals. The
interobserver intraclass correlation coefficient was 0.987
(P < 0.001) for the distance measurement of mMRD. In order to
calculate the intraclass correlation coefficient, three separate ob-
servers with different levels of experience in musculoskeletal US
examined 10 OA patients.

In addition to measured MRD, the medial displacement index
(MDI) was calculated and used for evaluations. The width of the
meniscus was corrected for physiques using the following equation
reported by McDermott et al. [14]: medial meniscus body width (in
mm) ¼ 0.07 � total bony plateau width þ 3.70 mm. This method is
used to measure meniscal graft sizes, and is simpler to calculate
using only radiographs than other reported methods [14e16]. The
MRD value was divided by the calculated meniscal width and then
multiplied by 100 to yield MDI. The gap of MDI between the
standing and spine positions was designated as DMDI.

2.4. Radiographic evaluation

All patients were examined by radiography in a double-leg
stance at the baseline and at 1 and 5 years (55e63 months).
Anteroposterior radiographs of the knee were acquired with both
knees fully extended and the subject in a standing position. The K/L
radiographic grading system was used to measure the global
radiographic severity of OA changes. According to this system,
0 ¼ normal (no osteophyte), 1 ¼ possible osteophytes, 2 ¼ definite
osteophytes and possible joint space narrowing, 3 ¼ moderate/
multiple osteophytes, definite joint space narrowing, some scle-
rosis, and possible attrition, and 4 ¼ large osteophytes, marked
joint space narrowing, severe sclerosis, and definite attrition [17].

2.5. Longitudinal evaluation of each group and subgroup

The OA grade at the baseline was K/L grade 2 or milder in pa-
tients. Subjects who maintained the K/L grade at 5 years were
included in the stable group, and those in whom OA progressed by
one or more grades were included in the OA progression group.
Subjects were subdivided based on the presence or absence of the
progression of the OA grade at 5 years: Pre-OA patients were sub-
divided into those in whom the K/L grade was maintained (ppOA
group) and progressed to early-OA (>K/L grade 2) (peOA group),
and early-OA (¼K/L grade 2) patients were subdivided into those in
whom the grade did not progress (eeOA group) and early-OA
deteriorated and progressed to K/L grade 2 or more (edOA group).
Time-course changes in MRD in the supine and standing positions
were investigated in pre-OA knees and early-stage OA knees.
Similarly, time-course changes in MDI in each group were evalu-
ated. Regarding DMDI, changes with timewere investigated in each
subgroup and compared between the groups.

2.6. Statistical analysis

A one-way analysis of variance (ANOVA) was used to assess
differences in age, body mass index (BMI), and MRD in the supine
and standing positions between the groups. In DMDI, a repeated
measures ANOVA was used to assess differences between sub-
groups in each group. When a significant difference was detected
by ANOVA, a between (sub) group comparison was performed us-
ing Scheffe's test. Additionally, a receiver operating characteristic
(ROC) curves was used to determine the cut off DMDI values that
were predictors of radiographic OA progression. In all statistical
tests, P values less than 0.05 were considered to be significant.

3. Results

The baseline characteristics of pre-OA knees and early-OA are
presented in Table 1. No significant differences were observed in
age, sex, or BMI between the groups.

MRD measured on US was surveyed over time at the baseline,
one year, and 5 years (final follow-up). Comparisons of MRD be-
tween the supine and standing positions at each time-point in the
pre-OA and early-OA groups revealed that it was significantly
larger in the standing than in the supine position (Table 2).
Regarding changes in MRD with time in the overall pre-OA group,
the values obtained were 3.6 and 4.3 mm in the supine position at
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the baseline and 5 years, respectively, showing a significant in-
crease (P < 0.0001). The values obtained in the standing position
were 4.0 and 4.9 mm, respectively, also showing a significant in-
crease (P < 0.0001). Similarly, changes in MRD in the overall early-
OA group were 5.6 and 6.2 mm in the supine position at the
baseline and 5 years, respectively, showing a significant increase
(P ¼ 0.0012), and 6.2 and 6.6 mm in the standing position,
respectively, showing a significant increase (P ¼ 0.0354).

MDI calculated by correcting MRD with the skeletal size was
also compared between the standing and supine positions at each
time-point in each group (Fig. 2). In the overall pre-OA group, MDI
was significantly higher in the standing than in the supine position
at all time-points (P < 0.0001, 0.0096, <0.0001). Regarding changes
with time, MDI increased by 7% at 5 years in the supine position and
10% in the standing position, showing a significant increase in both
positions (P ¼ 0.044, 0.0147). In the overall early-stage OA group,
MDI was also significantly higher in the standing than in the supine
position at all time-points (P ¼ 0.0019, 0.0022, 0.0015), whereas no
significant increase over that period was noted in either the supine
or standing position.

The pre-OA and early-OA groups were divided into subgroups
based on the radiographic K/L grade in the standing position at 5
years. Pre-OA did not progress in 25/32 (78%) knees (ppOA), but
progressed to early-OA (K/L grade 2) in 7/32 (22%) knees (peOA).
Early-OA did not progress in 6/14 (43%) knees (eeOA), but pro-
gressed to OA in 8/14 (57%) knees (edOA). Changes with time in
DMDI representing the gap of MDI between the supine and
standing positions were evaluated in each subgroup. The results
obtained are shown in Fig. 3. Comparisons between the subgroups
revealed that DMDI was small (2e3%) in the ppOA and eeOA groups
inwhich OA did not progress, but was large (6e7%) in the peOA and
edOA groups in which OA progressed, and a significant difference
was noted at the baseline between the ppOA and peOA groups and
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Fig. 2. Changes in the medial displacement index (MDI) of the medial meniscus from baselin
knees, as measured by ultrasound with patients in the supine position as well as in the stan
pre-osteoarthritis knees at the 1-year follow-up; preOA(5), pre-osteoarthritis knees at the 5-
osteoarthritis knees at the 1-year follow-up; eOA(5), early-stage osteoarthritis knees at the
between the eeOA and edOA groups (P ¼ 0.0289, 0.0317). DMDI
significantly increased at 5 years from that at the baseline in the
ppOA group (P ¼ 0.0297); however, no significant change was
noted in any other group. ROC curves demonstrated that pre-OA
and early-OA DMDI values were predictors of radiographic OA
progression with areas under the curve of 0.783 (95% confidence
interval, 0.572-0.994) in pre-OA group, 0.771 (95% confidence in-
terval 0.502-1.000) in early-OA group (Fig. 4). In pre-OA, an DMDI
greater than 4.83% had sensitivity of 71.4% and specificity of 80.0%
for predicting radiographic OA onset. Also, an DMDI greater than
3.38% had sensitivity of 50.0% and specificity of 100% for predicting
radiographic OA progression in early-OA.

4. Discussion

US requires no special facility, and is a very useful imaging
diagnostic tool for simple and non-invasive imaging examinations
of the joints of the four limbs (extremity) [8]. In the knee joint, US is
capable of visualizing not only ligament and cartilage injuries, but
also meniscal damage, and the joint may be evaluated in real time
with and without weight bearing, which makes it the most
appropriate imaging diagnostic device for the screening of knee OA
[11]. MRD presented in this study is an abnormality of the meniscus
detectable by US, and has recently been attracting attention for its
involvement in the onset and progression of knee OA [5,12,18]. We
initially clarified the characteristic MRD in the knee in which pre-
OA progresses to early-OA, and demonstrated that DMDI may
serve as useful features for predicting the onset of knee OA by
presenting specific values.

The mechanism of MRD is collapse of meniscal hoop tension
caused by the degeneration and tears in the meniscus (tears in the
anterior or posterior horn, i.e., radial tears in the posterior segment
of the meniscus, which is the anchoring point) [19]. However, no
eOA (0) eOA (1) eOA (5)

MDI in the standing position

P = 0.0015P = 0.0019 P = 0.0022

e to the final follow-up in 32 pre-osteoarthritis knees and 14 early-stage osteoarthritis
ding position. Abbreviations: preOA(0), pre-osteoarthritis knees at baseline; preOA(1),
year follow-up; eOA(0), early-stage osteoarthritis knees at baseline; eOA(1), early-stage
5-year follow-up. Values are the mean ± SD.



Fig. 3. Changes in DMDI from baseline to the final follow-up in each subgroup. Abbreviations: DMDI, difference between MDI in the supine position and standing position; ppOA,
the subgroup that maintained pre-osteoarthritis; peOA, the subgroup that progressed to early-stage osteoarthritis (K/L 2) from pre-osteoarthritis; eeOA, the subgroup that
maintained early-stage osteoarthritis (K/L 2); edOA, the subgroup that deteriorated to progressive-stage osteoarthritis from early-stage osteoarthritis. Values are the mean ± SD.

Fig. 4. Receiver operating characteristic curve for the predictors of radiographic osteoarthritis progression using DMDI values in pre-osteoarthritis (a) and early-osteoarthritis (b).
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clear meniscal tear is present inMRD inmany cases of primary knee
OA. Crema et al. reported that meniscal tears were not the only
cause of MRD, and independent factors, such as joint cartilage
injury and knee varus deformity, play roles [20]. Sugita et al.
showed that radial displacement of the medial meniscus preceded
narrowing of the medial joint space during the progression of varus
osteoarthritis, such that the displaced meniscus is saved from
severe degeneration or attrition [12]. Wenger et al. also reported
that the medial meniscus extruding to the joint margin showed a
triangular to convex shape and was present in a state that escaped
tears [21]. Therefore, the increase in MRD observed in primary
early-stage knee OA may involve the meniscus morphology and
weakened anchoring. In any case, it is valid to consider an increase
in MRD as a risk factor for joint destruction because it reduces
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coverage of the joint cartilage surface with the meniscus, thereby
increasing peak contact stress loaded on the joint surface, which is
followed by the thinning of joint cartilage. Therefore, its involve-
ment in the pathology of knee OA is indisputable.

Follow-up surveys of cartilage defects showed that they may be
confirmed even in a 2-year short-term follow-up [22,23]. In a
follow-up survey of the K/L grade, the K/L grade progression rate
over approximately 3 years was 22e42% [24e26]. In the present
study, the K/L grade progressed from early-OA (K/L grade 2) to 3 in
58%, which is slightly higher than those in preceding studies, and
this may have been due to the longer follow-up period, which may
have influenced increases in the progression rate. Baseline DMDI
was significantly larger in the edOA group than in the eeOA group,
and this may be a risk factor for the progression of OA in advanced-
stage knee OA. However, osteophyte size has been shown to in-
fluence MRD in advanced-stage knee OA, although there are
individual variations, and meniscal function is already not normal
and is judged to be morphologically abnormal [21]. Thus, in
advanced-stage knee OA, it is important that only DMDI should not
be considered to be a primary risk factor for the progression of OA.
In other words, an increase of DMDI in advanced-stage knee OA
need to be considered as one of the multiple abnormal findings,
rather than a predictive factor of the aggravation of OA.

Few studies have been performed on pre-OA pathology from a
clinical viewpoint. Primary changes occur in joint cartilage in the
onset of knee OA, in which diverse changes occur in the extracel-
lular matrix, such as fibrillation localized in the superficial layer of
joint cartilage, a decrease in proteoglycan, cracks in the superficial
layer, and the collapse of collagen fiber structures [27]. Therefore, a
pathological analysis of the extracellular matrix in the superficial
and middle layers of joint cartilage is considered to be more useful
than morphological evaluations, such as reductions in joint carti-
lage thickness and defects, meniscus morphology, and positional
abnormalities, for an analysis of the mechanisms underlying the
development of early knee OA or an earlier disease stage. However,
as described above, studies using US reported that an increase in
MRD is related to the severity of OA [5,7,12,18] and that reductions
in the weight-sharing function of the extruding meniscus affects
subchondral bone [28]. In our 5-year follow-up survey, pre-OA
progressed to early-OA (peOA group) in 22% of subjects, and
DMDI was significantly greater from the beginning of the follow-up
in this group than that in the ppOA group; DMDI was 3.4% in the
ppOA group and 7.2% in the peOA group, which was significantly
greater by more than 2-fold (P ¼ 0.0289). In addition, DMDI 4.83%
was calculated for a cut off values as the risk factor of the radio-
graphic early-OA onset or progression in evaluation by the ROC
curve analysis. Consequently, in the radiographic pre-OA knees,
DMDI>4.83% increased the risk for onset or progression of early-OA
within at least 5 years. We demonstrated the usefulness of US in
evaluating kneeswith andwithout weight-bearing in real time, and
also initially presented abnormal mobility in the meniscus, pre-
dicting the progression of pre-OA to early-OA as a specific value.
DMDI represents the gap of meniscal extrusion (%), calculated by
dividing MRD by the meniscal width corrected with the skeletal
physique, between the standing and supine positions, and is more
objective and constant than the value actually measured, DMRD.
Since the meniscus morphology is normal in pre-OA unless a
meniscal tear is present, there is no major difficulty associated with
the correction to MDI. In addition, osteophyte formation is only
slight in this disease stage based on the K/L grading system, sug-
gesting that it has a very small influence on the extrusion of the
meniscus. We assumed that the increase observed in DMDI at 5
years in the ppOA group indicated the possibility of progression to
early-OA. Based the above results, we herein present DMDI 4.83% as
a provisional value of pre-OA likely to progress to OA.
There were several limitations to the present study. The number
of subjects was small. This study was performed at a single medical
institution (university hospital) in order to avoid variations in the
US device and measurement procedure, and subjects were only
recruited at the university hospital. Since patients referred for
surgery account for most of those at the university hospital, there
were fewer patients meeting the criteria of this study during the
recruitment period, and some early-OA patients who received
conservative treatments at the beginning of the study were sub-
sequently treated with arthroscopic surgery and osteotomy and
then dropped out of the study. Furthermore, there were age vari-
ations among the subjects. Thus, the age-related influence of the
degeneration of knee joint-constituting tissue on MRD was not
uniform. However, subjects were pre-OA or early-OA patients, and
knees with severe degeneration and injury to the cartilage and
meniscus were excluded by MRI examinations in many patients.
Therefore, the influence of age may have been small. Another
limitation is that the presence or absence of progression to knee OA
was not screened by US alone, and plain X-ray images were used to
apply corrections with the skeletal physique in order to calculate
MDI and DMDI. This may be resolved by verifying the relationship
between the tibial joint surface width measured on X-ray and bone
widths in many measurable regions by US. Additionally, the middle
segment of the medial meniscus was evaluated on US using MCL as
an index; however, it was not possible to measure the anterior and
posterior segments, and accordingly, we were unable to measure
the extrusion of the meniscus in the anteroposterior direction. In
many studies using MRI to evaluate MRD, it was mainly examined
in the coronal view. There are still no clear evaluation criteria for
the meniscus in a sagittal view. Moreover, although US is simple
when it is evaluated during weight-bearing, it is difficult to visu-
alize the entire meniscus at the depth reached by US, and an
evaluation of meniscus extrusion in the anteroposterior direction is
impossible, which is a limitation of the US device.

In conclusion, an approximately 5-year prospective follow-up
survey of MRD with and without weight-bearing involving pre-
OA and early-OA patients was performed using US. In the knee
with radiologically progressing OA, %MRD difference (DMDI) be-
tween the knee with and without weight-bearing significantly
increased. In knees evaluated as K/L grade 1 or milder showing no
abnormal finding on radiography, it is a useful imaging finding that
predicts the onset of OA, and the risk factor may be presented as a
specific value: DMDI>4.83%. Clarification of the relationship be-
tween an increase in DMDI and clinical symptoms in the same
period may further verify its pathological significance and lead to
preventive treatments for knee OA.
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