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Abstract

Purpose The purpose of this population-based study was to

clarify the incidence of knee pain by use of ultrasound (US).

Methods Medical check-ups were conducted for residents

of a mountain village in Japan. The subjects were 149

males and 252 females (802 knees) with a mean age of

63.5 ± 12.5 years. US was used to evaluate the medial

joint space of both knees, with and without weight-bearing.

For each patient, medial radial displacement of the medial

meniscus (MRD) and number of osteophytes were evalu-

ated. A questionnaire was used to determine whether the

subjects were currently experiencing knee pain while

walking, climbing stairs, or resting that had lasted more

than one month. A visual analog scale was used to assess

knee pain. The subjects were divided into two groups,

those with knee pain (P group) and those without knee pain

(non-P group), on the basis of whether a visual analog scale

(VAS) was less than or more than 20 mm during walking,

climbing stairs, or resting. Logistic regression analysis was

used to identify the factors associated with knee pain.

Results Significantly different weight-bearing MRD

(WMRD), osteophytes, and pain while walking, climbing

stairs, or resting (p \ 0.01) were found between the two

groups. Logistic regression analysis showed that WMRD

was significantly associated with knee pain during walking

or while climbing stairs.

Conclusion We found that WMRD was significantly

associated with knee pain while walking or climbing stairs,

which are weight-bearing activities. On the basis of the

findings of this study, we believe US is a useful tool for

evaluating the factors associated with knee pain in a pop-

ulation-based study.

Level of evidence Level III.

Introduction

Despite the importance of knee pain, little is understood

about its causes. Neogi et al. [1] investigated the relation-

ship between the radiographic features of osteoarthritis and

knee pain. Some studies have reported a significant asso-

ciation between MRI-graded meniscal tears and pain [2, 3]

whereas others have not [4]. There have, however, been

few reports of population-based studies of the relationship

between the presence of a meniscus tear and knee pain [5].

Ultrasound (US) examinations are used for noninvasive

assessment of musculoskeletal status. Recently, many

studies have reported use of US to evaluate the knee joint,

and US evaluation of the meniscal position under load-

bearing has been discussed [9, 10]. Kawaguchi et al. [11]

used US to evaluate medial radial displacement (MRD) of

the medial meniscus in osteoarthritic (OA) and normal

knees with and without weight-bearing. During follow-up

they found that MRD of the medial meniscus increases

with weight-bearing as OA progresses. Yanagisawa et al.

[12] reported characteristic changes associated with the

rate of development of knee osteoarthritis, and that MRD

and osteophytes increase as Kellgren–Lawrence grade

increases in morphological evaluation of the knee by use of

US. It has therefore become accepted that evaluation of the

knee by use of US is useful.

The purpose of this study was to examine the relation-

ship the between MRD, determined by use of ultrasound

screening, and knee pain.
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Methods

Intra-observer agreement was analyzed for patients attend-

ing as outpatients at the Department of Orthopaedic Surgery

at Gunma University. To calculate intra-observer agree-

ment, a single observer examined 10 patients and measure-

ments were performed three times at 1-week intervals.

To help prevent lifestyle-related diseases and to aid the

early detection of cancer, medical check-ups have been

conducted in Japan for residents of a village in which

agroforestry and tourism are the main industries. This

cross-sectional study was approved by the institutional

review board of our institution. All participants, before

giving their consent to participate in this study, were

informed that their data would be published. In this study,

the subjects were selected on the basis of:

1 no history of surgical treatment of the knee; and

2 no treatment of the knee at the time of this survey.

The exclusion criteria were a history of avascular necrosis,

rheumatoid or other inflammatory arthritis, Paget’s disease,

villonodular synovitis, joint infection, neuropathic arthropa-

thy, and gout or pseudogout. On the basis of these criteria, the

study included 149 males and 252 females (802 knees) with a

mean age of 63.5 ± 12.5 years (range 40–87 years).

A questionnaire was administered requesting information

regarding the subjects’ age, gender, and whether they were

experiencing any knee pain, that had lasted more than one

month, during walking, climbing stairs, or resting [6]. The

location of the knee pain was not restricted, and patients with

knee pain in all locations were included. A visual analog scale

(VAS) was used to assess knee pain. A VAS consists of a line,

100-mm long, with ends labelled as the extremes of pain.

Patients are asked to indicate which point along the line best

represents their pain and the distance from the no-pain end to

the mark made by the patient is the patient’s pain score. For

each subject, we conducted a physical examination of the

range of motion (ROM) of the knees, by use of a goniometer,

while the patient was in the supine position. US was used to

examine both knees to diagnose medial radial displacement

(MRD) by use of the LOGIQ e device (GE Health Care, USA)

with linear-array probes at 12 MHz. All US examinations

were performed by one experienced knee surgeon who was

unaware of other aspects of the evaluation. The US evalua-

tions were performed with both knees in complete extension

in both the standing and supine positions. MRD was measured

on longitudinal US images at the site at which the medial

collateral ligament (MCL) was most clearly visualized. Nor-

mal MCLs are hyperechoic, covering the medial femoral

condyle, the outer margin of the medial meniscus, and the

medial tibial plateau. MRD was measured as the distance

from the outermost edge of the medial meniscus to a line

connecting the femoral and tibial cortices. Marginal

osteophytes were defined as those more than 2 mm from the

femoral and tibial cortices. When marginal osteophytes were

present in the femur or tibia, the MRD was measured on the

clearly visualized normal cortical bone continuous with the

femoral or tibial marginal osteophytes. Distances were mea-

sured by use of electronic calipers. A magnified image was

used to measure MRD on the US monitor to an accuracy of

0.1 mm. We defined supine position MRD as weight-bearing

medial radial displacement (WMRD) (Fig. 1) [7–12].

Data analysis

The subjects were divided into two groups, those with knee

pain (P group) and those without knee pain (non-P group),

on the basis of whether their VAS was less than or more

than 20 mm [13] during walking, climbing stairs, or rest-

ing. Age, gender, body mass index (BMI), WMRD, ROM,

and the presence or absence of the osteophytes of the knee

were compared by use of Welch’s t test and the chi-squared

test. Stepwise forward logistic regression analysis was

performed with age, gender, BMI, WMRD, ROM and the

presence or absence of the osteophytes of the knee as

explanatory variables. Moreover, we examined diagnostic

efficacy for prediction of knee pain of setting the cut-off of

MRD at [5 mm during weight-bearing activities. All sta-

tistical analysis was conducted by use of IBM SPSS Sta-

tistics 19 software (IBM Japan, Tokyo, Japan); the critical

value for significance was set at p \ 0.05.

Results

The intraobserver intraclass correlation coefficient (ICC)

was 0.961 (p \ 0.001) for measurement of WMRD dis-

tance. The kappa value was 0.956 for the presence or

absence of osteophytes.

Fig. 1 MRD was measured on longitudinal US images at the site at

which the medial collateral ligament (MCL) was most clearly

visualized. OP osteophyte, MM medial meniscus, MCL medial

collateral ligament, upside dotted arrow medial radial displacement

of the medial meniscus
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The evaluation of the P group during walking included

83 knees. Age was significantly higher in the P group than

in the non-P group (p = 0.018). The number of females

was significantly greater in the P group than in the non-P

group (p = 0.003). BMI was not significantly different.

Knee extension and knee flexion were significantly lower

in the P group than in the non-P group (p \ 0.001).

WMRD was significantly greater in the P group than in the

non-P group (p \ 0.001). Osteophytes of the knee were

present in 63.8 % (53/83 knees) of the subjects in the P

group and 35.7 % (257/719 knees) of the subjects in the

non-P group (Table 1).

Pain was felt in 75 knees when the patients were

climbing stairs. Age was significantly higher in the P group

than in the non-P group (p = 0.010), and the number of

females was significantly greater in the P group than in the

non-P group (p = 0.001). Knee extension and knee flexion

were significantly lower in the P group than in the non-P

group (p \ 0.001). WMRD was significantly greater in the

P group than in the non-P group (p \ 0.001). Osteophytes

of the knee were present in 65.3 % (49/75 knees) of the

subjects in the P group and 35.8 % (261/727 knees) of the

subjects in the non-P group (Table 2).

The P group during rest included 18 knees. The non-P

group included the other 784 knees. Age, gender, and BMI

were not significantly different. Knee extension and knee

flexion were significantly lower in the P group than in the

non-P group (p \ 0.01). WMRD were significantly greater

in the P group than in the non-P group (p \ 0.01). Osteo-

phytes of the knee were present in 61.1 % (11/18 knees) of

the subjects in the P group and 38.1 % (299/784 knees) of

the subjects in the non-P group (Table 3).

Logistic regression analysis showed that WMRD,

extension of the knee, and age were significantly associated

with knee pain during walking; the odds ratios for WMRD,

Table 1 Comparison of clinical findings for the P group and non-P

group during walking

P group

(n = 83)

Non-P group

(n = 719)

p value

Age (years) 66.9 ± 13.8 63.1 ± 12.2 0.018

Gender (M/F) 18/65 280/439 0.003

BMI (kg/m2) 24.3 ± 3.4 23.6 ± 3.0 n.s.

Extension of the knee (�) -7.1 ± 6.6 -3.8 ± 4.6 \0.001

Flexion of the knee (�) 132.9 ± 13.2 137.2 ± 11.0 0.008

WMRD (mm) 6.1 ± 3.8 3.8 ± 2.0 \0.001

Osteophytes (not present/

present)

30/53 462/257 0.003

Table 2 Comparison of clinical findings for the P group and non-P

group during stair climbing

P group

(n = 75)

Non-P group

(n = 727)

p value

Age (years) 67.3 ± 13.4 63.1 ± 12.2 0.010

Gender (M/F) 12/63 286/441 \0.001

BMI (kg/m2) 24.4 ± 3.5 23.6 ± 3.0 n.s.

Extension of the knee (�) -7.6 ± 6.8 -3.8 ± 4.6 \0.001

Flexion of the knee (�) 131.6 ± 17.5 137.1 ± 10.3 \0.001

WMRD (mm) 6.4 ± 3.3 3.8 ± 1.9 \0.001

Osteophytes (not present/

present)

26/49 466/261 \0.001

Table 3 Comparison of clinical findings for the P group and non-P

group during resting

P group

(n = 18)

Non-P group

(n = 784)

p value

Age (years) 67.8 ± 10.5 63.4 ± 12.4 n.s.

Gender (M/F) 6/12 292/492 n.s.

BMI (kg/m2) 24.6 ± 1.5 23.6 ± 3.1 n.s.

Extension of the knee (�) -7.9 ± 6.2 -4.0 ± 4.9 0.002

Flexion of the knee (�) 127.5 ± 18.6 136.8 ± 11.0 0.001

WMRD (mm) 6.2 ± 3.0 4.0 ± 2.2 \0.001

Osteophytes (not

present/present)

7/11 485/299 0.04

Table 4 Results from logistic regression analysis

Independent variable p value 95 % CI Odds ratio

Knee pain during walking

Age 0.017 0.95–0.99 0.97

Gender n.s. 0.85–2.76 1.53

BMI n.s. 0.88–1.08 0.97

Extension of the knee \0.001 1.05–1.15 1.17

Flexion of the knee n.s. 0.95–0.99 0.99

WMRD 0.042 1.01–1.82 1.35

Osteophytes n.s. 0.51–2.06 1.03

Knee pain during climbing stairs

Age n.s. 0.95–1.00 0.97

Gender 0.017 1.18–5.43 2.53

BMI n.s. 0.88–1.09 0.98

Extension of the knee \0.001 1.07–1.20 1.14

Flexion of the knee n.s. 0.96–1.00 0.98

WMRD 0.047 1.00–2.00 1.42

Osteophytes n.s. 0.39–2.17 0.21

Knee pain during resting

Age n.s. 0.93–1.06 0.99

Gender n.s. 0.16–2.31 0.67

BMI n.s. 0.84–1.25 1.03

Extension of the knee 0.040 1.01–1.23 1.11

Flexion of the knee n.s. 0.95–1.01 0.98

WMRD n.s. 0.07–1.29 0.31

Osteophytes n.s. 0.10–2.40 0.25
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extension of the knee, and age, were 1.35, 1.17, and 0.97,

respectively. Logistic regression analysis showed that

WMRD, extension of the knee, and gender were signifi-

cantly associated with knee pain when climbing stairs; the

odds ratios for WMRD, extension of the knee, and gender

were 1.42, 1.14, and 2.53, respectively. Logistic regression

analysis showed that only extension of the knee was sig-

nificantly associated with knee pain during resting; the

odds ratio for extension of the knee was 1.11 (Table 4).

The diagnostic efficacy of MRD value assessed by use of

US for prediction of knee pain during walking was 51.8 %

sensitive and 83.4 % specific, corresponding to a negative

predictive value of 93.7 % and a positive predictive value of

26.5 % (the positive and negative likelihood ratios were

3.06 and 0.59, respectively) (Table 5). The diagnostic

efficacy for prediction of knee pain during climbing stairs

was 52.0 % sensitive and 83.1 % specific, corresponding to

a negative predictive value of 94.3 % and a positive pre-

dictive value of 24.1 % (the positive and negative likeli-

hood ratios were 3.06 and 0.58, respectively) (Table 5).

Discussion

The most important finding of this study was that weight-

bearing medial radial displacement was significantly

associated with knee pain while walking or climbing stairs,

which are both weight-bearing activities. In addition,

extension of the knee was significantly associated with

knee pain while resting.

Previous reports have been equivocal with regard to

whether age is a risk factor for knee pain. McAlindon et al.

demonstrated a positive correlation with age [14] whereas

others did not [15, 16]. This study showed that age was a

risk factor for knee pain during walking. Dacre et al. [17]

showed that females and elderly subjects might be more

susceptible than other subjects to knee pain. Our study

supported this, and showed that gender was a factor pre-

dicting knee pain while climbing stairs.

Although knee pain because of a loss of extension is

often experienced, there have been few reports of this sit-

uation. This study showed that knee extension was signif-

icantly lower in the P group in all situations. In addition,

extension of the knee was significantly associated with

knee pain in all situations.

Although Lanyon et al. [18] reported that pain was

associated with the presence of osteophytes on plain

radiographs, the presence of osteophytes was not a factor

associated with knee pain in our study.

MRI is used to evaluate intra-articular components and

the position of the meniscus [19]. However, most images

are obtained with the patient in a supine, non-weight-

bearing position. In contrast, US can measure meniscal

subluxation under axial loading. In addition, MRI is

inconvenient, requiring much time to complete the test, and

the instrumentation is very expensive. It is, therefore, dif-

ficult to use MRI to evaluate the knee joint in population-

based studies. For these reasons, we elected to use US for

evaluation of the MRD with and without weight-bearing.

Boxheimer et al. [19] demonstrated that meniscal dis-

placement was strongly associated with complex meniscal

tears, and that patients with displacement had significantly

more pain than did patients with non-displaceable meniscal

tears; this was irrespective of concomitant knee abnor-

malities, because meniscal extrusion may cause bulging

and mechanical stretching of the joint capsule, which is

richly innervated with pain fibers [21, 22]. Meniscus

extrusion C3 mm was more frequently observed by MRI

for painful than for painless knees [3]. However, only

meniscus extrusion was examined in that study, and other

pathology associated with knee pain, including tendinitis,

bone marrow lesion, and inflammatory synovitis, were not

examined. Our study showed that WMRD was a factor

associated with knee pain during walking and climbing

stairs. The knee pain found in a loaded joint was related to

dynamic stress on loading and with movement, which may

be why a strong correlation was observed between knee

pain and WMRD. Although diagnostic efficacy for pre-

diction of knee pain had low sensitivity, we were able to

show a good diagnostic specificity.

Recently, MRD was found to contribute to the pro-

gression of joint space narrowing [23]. Although our study

showed that US is a useful tool for detection of early

changes in MRD, further investigations are necessary to

clarify which type of intervention can be used to prevent

the progression of MRD.

This study has several limitations. First, we studied

meniscal displacement and peripheral joint space at the

level of the MCL only; meniscal displacement and joint

space in other directions were not estimated. Second, the

Table 5 Diagnostic efficacy of MRD value assessed by use of US for prediction of knee pain during walking and during stair climbing

Sensitivity

(%)

Specificity

(%)

Positive predictive

value (%)

Negative predictive

value (%)

Positive

likelihood ratio

Negative

likelihood ratio

Knee pain during walking 51.8 83.4 26.5 93.7 3.06 0.59

Knee pain during climbing stairs 52.0 83.1 24.1 94.3 3.06 0.58
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detailed location of the knee pain could not be identified by

use of a questionnaire. Knee pain described in this study

might include anterior knee pain, tendinitis-related pain,

and medial joint space pain. Third, the US investigations

were conducted under static conditions with the knee

extended. Flexion of the knee can increase stress on the

posterior segment of the meniscus, and subsequently

increase extrusion. Fourth, because this was a cross-sec-

tional study, it is necessary to continue research in this area

to confirm the changes in MRD by use of a longitudinal

design.

Conclusion

To summarize, we found that weight-bearing medial radial

displacement was significantly associated with knee pain

while walking or climbing stairs, which are weight-bearing

activities. On the basis of the findings of this study, we

believe US is a useful tool for evaluating the factors

associated with knee pain in a population-based study.
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