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Abstract

Objectives: Knee osteoarthritis (OA) is mainly diagnosed by clinical and radiographic findings. The aim of this study
was to evaluate the correlation between ultrasonography (US) findings during flexion and knee loading and
symptoms of knee OA.

Methods: We studied 33 knees with OA in 21 patients. Using US, the medial meniscal protrusion was measured at
the midpoint of the medial joint space with the patient standing and the knee in maximum extension and flexion. With
the knee in extension, the thickness of the synovial membrane at the suprapatellar area and the size of the
osteophytes at the medial joint space were measured. Radiography was performed to determine the Kellgren-
Lawrence (K-L) scores. The correlations between US findings and the visual analog scale (VAS) score, Japanese
Knee Osteoarthritis Measure (JKOM) score, K-L score, and range of motion (ROM) were analyzed.

Results: Medial meniscal protrusion was significantly correlated with K-L score and ROM limitation. Synovial
membrane thickness was also significantly correlated with the total JKOM and usual activity scores. There was no
correlation between the VAS scores and US findings. Multigroup comparisons of the patients’ positions during US
did not reveal significant intergroup differences.

Conclusions: US was able to detect a change in medial meniscal protrusion during knee flexion and loading.
Although medial meniscal protrusion was not correlated with pain, it was related to structural changes of the knee,
similar to radiographic findings. Synovial membrane thickness detected by US correlated with pain and a disturbance
in the usual activity of patients with OA.
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Introduction

Osteoarthritis (OA) of the knee is one of the most common
musculoskeletal diseases, and pain and range of motion (ROM)
disturbance are considered the main abnormal findings.1 OA
symptoms are multifactorial, and the mechanism of the disease is
not completely known. In early knee OA, the clinical symptoms
related to the degree of synovitis are caused by cytokines.
However, in severe knee OA, cytokine levels are decreased, and
symptoms are related to biomechanical factors, including
meniscal failure and joint instability caused by ligament
abnormalities.2,3 However, a recent systematic review by Yusuf
et al.4 showed no relationship between pain and cartilage defects,
osteophytes, meniscal lesions, ligamentous abnormalities,
subchondral cysts, and bone attrition on magnetic resonance
imaging (MRI), and that bone marrow lesions and effusion/
synovitis on MRI may be the cause of the pain in knee OA.

The diagnosis of OA is based mainly on clinical findings, but
imaging methods are useful for identifying the structures
involved in the pathological process, prognosis, and follow-up.5
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Historically, the first imaging method used for the diagnosis of
OA was radiography, which evaluates the bone structure. It
reveals marginal osteophytes, narrowing of the joint space, bone
cysts, and subchondral sclerosis. MRI is very useful to evaluate
joint changes in OA, including osteophytes, bone marrow lesions,
subchondral cysts, bone attrition, meniscal tears, ligament
abnormalities, synovial thickening, joint effusion, intra-articular
loose bodies, and periarticular cysts6; however, it cannot be
employed as a routine examination owing to its high cost and
relatively low availability. Computed tomography (CT) is useful
for evaluating bone changes, but it is rarely used for OA in
clinical practice.7

Ultrasonography (US) is relatively easy to perform and is a
non-invasive imaging technique that produces minimal
discomfort. It can assess intra-articular abnormalities in knee
OA8,9 reliably and is helpful in its diagnosis.10 Furthermore, US
can be used under various conditions such as joint flexion and
loading that cannot be evaluated by other modalities. Many
studies have been performed to establish the possible
correlations between US findings and knee OA symptoms.8,11,12 A
recent study indicated that US is a useful and reliable method for
identifying knee osteophytes, medial meniscal protrusion, and
morphological changes in the cartilage in the medial femoral
condyle. US detects osteophytes and medial meniscal protrusion
better than conventional radiography.10,13 Kijima et al.14 reported
a correlation between pain and medial meniscus protrusion in 38
patients with knee OA. However, no study has reported on US
findings in a knee under flexion or loading. In this study, we
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evaluated the correlation between knee OA symptoms and US
findings in a flexed or loaded knee.

Methods

Patients
From July to December 2016, we studied 33 knees with OA

(21 patients) that were diagnosed based on clinical and
radiographic findings. This study was approved by the ethics
committee of Fujita Health University (approval no. HM16-075).
All patients were fully informed and agreed to the concept and
aim of this study. All examinations (clinical, US, and radiographic)
were performed on the same day by the same orthopedic
physician.

Clinical examination
The ROM was measured in active flexion and extension. The

Japanese Knee Osteoarthritis Measure (JKOM) and visual analog
scale (VAS) scores were calculated for each patient. The JKOM is
a five-part questionnaire: part 1 is synonymous with the VAS
score; part 2 assesses pain and stiffness; part 3 assesses the state
of daily life; part 4 assesses the usual activity; part 5 assesses the
influence of health conditions. Each of the 25 questions from
parts 2 to 5 is graded from 0 to 4 according to severity. We
defined the total score from parts 2 to 5 as the total JKOM score.

Ultrasonography
US was performed using a MyLab25 (Hitachi, Ltd., Chiba,

Japan) ultrasound imaging system with a 12-MHz linear
transducer. The length of the medial meniscal protrusion was
measured in three positions: supine with maximum knee
extension; supine with maximum knee flexion; standing with full
loading of the knee. It was measured on the midpoint of the
medial joint space and was used to define the distance on the
joint line between the outer edge of the meniscus and the bone
contour line during a longitudinal scan (Figure 1). The size of the
femoral osteophyte was measured on the midpoint of the medial
joint space while in the supine position with maximum knee
extension (Figure 1). Synovial membrane thickness, which was
measured in the transverse plane with the echo probe in contact
with the proximal aspect of the patella while in the supine
position with maximum knee extension, was defined as the
distance on the perpendicular line of the central femoral bone
between the cartilage surface and synovial membrane surface
(Figure 2).

Radiography
Anteroposterior and lateral X-rays were obtained in the

standing and supine positions, respectively. The Kellgren-
Lawrence (K-L) score15 was used to classify knee OA
radiographic findings as grades 0–4: grade 0=normal; grade
1=doubtful narrowing of the joint space, with possible
osteophyte development; grade 2=definite osteophytes, but
absent or questionable narrowing of the joint space; grade
3=moderate osteophytes, with definite narrowing, some
sclerosis, and possible joint deformity; grade 4=large
osteophytes, with marked narrowing, severe sclerosis, and
definite joint deformity.

Statistical analysis
The correlation between US findings and the K-L score, ROM,

VAS score, and JKOM score were statistically evaluated using

the Spearman correlation coefficient. The population was
approximated by a t-distribution. Multigroup comparisons of the
patients’ positions during US (extension, flexion, and loading)
were analyzed using one-way analysis of variance (ANOVA).
P<0.05 was considered statistically significant. Statistical
analyses were performed using Windows 10 and Excel 2013
(Microsoft, Redmond, WA, USA) and Statflex version 6.0 (Artec
Co. Ltd., Osaka, Japan).

Results

The characteristics of the study population are presented in
Table 1. The size of the femoral osteophyte was significantly
correlated with the length of the medial meniscal protrusion
during extension (P=0.01398), flexion (P=0.01103), and standing
(P=0.00968). The correlations between US findings and K-L
score, ROM, VAS score, and JKOM score are presented in Table
2. The length of the medial meniscal protrusion in all patient
positions significantly correlated with the K-L score and flexion
ROM. The size of the femoral osteophytes did not correlate with
K-L score, ROM, VAS score, or JKOM score. The VAS score did
not correlate with US findings. The total JKOM score and usual

Figure 1 Longitudinal scan of the medial compartment.
(a) Medial meniscal protrusion. (b) Bone contour line. (c) Outer edge of
the meniscus. (d) Midpoint of the medial joint space.
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activity score significantly correlated with synovial membrane
thickness.

Multigroup comparisons of the patients’ positions during US

Figure 2 Transverse plane with the echo probe in contact with the
proximal aspect of the patella.
(a) Synovial membrane thickness. (b) Perpendicular line of the central
femoral bone. (c) Cartilage surface. (d) Synovial surface. (e) Proximal
aspect of the patella.

(extension, flexion, standing) using one-way ANOVA (F=0.1705,
P=0.1795) of the length of medial meniscal protrusion showed no
significant difference between the patients’ positions during US.

Discussion

Knee OA symptoms are multifactorial; therefore, it is
necessary to evaluate the symptoms of patients. The Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) has been used internationally as a patient-based
measurement of the disease. No authorized Japanese edition of
the WOMAC exists, but a translated version is used in Japan.
Meanwhile, the Japanese Orthopaedic Association and the
Japanese Society for Musculoskeletal Rehabilitation developed
the JKOM score.

This study demonstrated that the VAS score did not correlate
with US findings, but the total JKOM and usual activity scores
correlated with synovial membrane thickness, and ROM
correlated with the length of the medial meniscal protrusion in all
positions.

Our result demonstrated no correlation between the length of
the medial meniscal protrusion and VAS and JKOM scores.
However, Kijima et al.14 reported a correlation between pain and
medial meniscus protrusion in 38 patients with knee OA. Notably,
we measured the length of the medial meniscal protrusion
differently from Kijima et al., as they did not consider the

Table 1 Characteristics of the study population

Patients, n (female/male) 21 (18/3)
Examined knees, n 33
Age, mean±SD (years) 73.45±8.95
Body weight, mean±SD (kg) 59.72±9.03
K-L score, mean±SD (stage) 1.71±0.67
ROM, mean±SD (°)
 Extension –1.77±3.25
 Flexion 129.61±13.52
VAS score, mean±SD 48.00±23.85
JKOM score, mean±SD 32.74±13.93

n=number of patients, SD=standard deviation, K-L=Kellgren-Lawrence,
ROM=range of motion, VAS=visual analog scale, JKOM=Japanese Knee
Osteoarthritis Measure.

Table 2 Correlations (ρ) between US findings and K-L score, ROM, VAS score, and JKOM score

Medial meniscal protrusion (mm) Synovial membrane thickness
(mm)

Femoral osteophyte
(mm)Extension Flexion Loading

Mean±SD 7.44±3.42 9.00±3.64 8.52±3.94 4.95±1.45 4.00±1.28
K-L score 0.5962 0.6597 0.6276 ns ns
ROM
 Extension ns ns ns ns ns
 Flexion 0.4410 0.3994 0.5810 ns ns
VAS score ns ns ns ns ns
JKOM score
 Total ns ns ns 0.3723 ns
 Pain and stiffness ns ns ns ns ns
 State of daily life ns ns ns ns ns
 Usual activity ns ns ns 0.3590 ns
 Influence of health ns ns ns ns ns

ρ=Spearman correlation coefficient, US=ultrasound, K-L=Kellgren-Lawrence, ROM=range of motion, VAS=visual analogue scale, JKOM=Japanese
Knee Osteoarthritis Measure, SD=standard deviation, ns=not significant.
P<0.05 was considered statistically significant.

Fujita Medical Journal 2019 Volume 5 Issue 2

51



presence of osteophytes. Podlipska et al.13 used the scale
proposed by Koski et al.16 to evaluate osteophytes and the
distance from the bone contour (Figure 1) to determine meniscal
protrusion, which highlighted the additional value of US
compared with radiography for knee OA management. One
drawback of the study by Podlipska et al. was that they did not
correlate these findings with pain. Chan et al.7 positively
correlated the presence of medial osteophytes and meniscal
protrusion with pain when climbing stairs but not with pain when
walking. In our study, we evaluated the global level of pain and
used the JKOM score because we did not focus on specific
physical activities.

We did not observe a significant difference between the
patients’ positions during US with regard to medial meniscal
protrusion. Yanagisawa et al.10 reported that the length of the
medial meniscal protrusion was significantly longer in the loaded
position in 131 knees. In our study, the mean length of the medial
meniscal protrusion was 7.44±3.42 mm in the extended position
and 8.52±3.94 mm in the loaded position. We speculate that the
difference between the results of Yanagisawa et al. and our
results could be mainly due to the difference in the size of the
population. If more patients were enrolled in this study, the
difference between the patients’ positions during US with regard
to medial meniscal protrusion may have been significant.

In severe knee OA, patients often complain of loading pain and
maximum flexion pain, and we hypothesized that the medial
meniscal protrusion during loading and flexion would correlate
with knee OA pain in these positions. However, there was no
significant difference in the patients’ position and the correlation
between the medial meniscal protrusion and VAS and JKOM
scores. Rather, the medial meniscal protrusion correlated with
ROM limitation and the K-L score, which revealed that the
medial meniscal protrusion was not correlated with pain, but with
joint structural changes, similar to the radiographic findings.
These results suggest the possibility of using US as a substitute
for radiographic evaluation.

Meanwhile, we found that the total JKOM and usual activity
scores were correlated with synovial membrane thickness. This
reflected synovitis-related pain and disturbance in the usual
activity of OA patients. This result was shown by our study,
which mostly included patients with early-stage OA.

Some limitations of our study should be considered. US is a
reliable, real-time, and operator-dependent imaging technique.
An important limitation of our study was the lack of MRI findings.
Additionally, the psychological factors that could interfere with
pain in our patients were not evaluated. Furthermore, the
number of study participants with severe OA was relatively
small. Thus, the correlation of knee OA symptoms and US
findings remains unclear and controversial. Larger studies are
required to further clarify this issue.

Conflict of Interest

The authors have no conflicts of interest to disclose.

Acknowledgement

We would like to thank Editage (www.editage.jp) for English
language editing.

References

 1. Creamer P, Hunt M, Dippe P. Pain mechanism in osteoarthritis of the
knee: effect of intraarticular anesthetic. J Rheumatol 1996; 23: 1031–
6.

 2. Arden NK, Leyland KM. Osteoarthritis year 2013 in review: clinical.
Osteoarthritis Cartilage 2013; 21: 1409–13.

 3. Hill CL, Gale DG, Chaisson CE, Skinner K, Kazis L, Gale ME, Felson
DT. Knee effusions, popliteal cysts, and synovial thickening:
association with knee pain in osteoarthritis. J Rheumatol 2001; 28:
1330–7.

 4. Yusuf E, Kortekaas MC, Watt I, Huizinga TW, Kloppenburg M. Do
knee abnormalities visualized on MRI explain knee pain in knee
osteoarthritis? A systematic review. Ann Rheum Dis 2011; 70: 60–7.

 5. Roemer FW, Eckstein F, Hayashi D, Guermazi A. The role of
imaging in osteoarthritis. Best Pract Res Clin Rheumatol 2014; 28:
31–60.

 6. Guermazi A, Zaim S, Taouli B, Miaux Y, Peterfy CG, Genant HG. MR
findings in knee osteoarthritis. Eur Radiol 2003; 13: 1370–86.

 7. Chan WP, Lang P, Stevens MP, Sack K, Majumdar S, Stoller DW,
Basch C, Genant HK. Osteoarthritis of the knee: comparison of
radiography, CT, and MR imaging to assess extent and severity. AJR
Am J Roentgenol 1991; 157: 799–806.

 8. Naredo E, Cabero F, Palop MJ, Collado P, Cruz A, Crespo M.
Ultrasonographic findings in knee osteoarthritis: a comparative study
with clinical and radiographic assessment. Osteoarthritis Cartilage
2005; 13: 568–74.

 9. Iagnocco A, Perricone C, Scirocco C, Ceccareli F, Modesti M,
Gattamelata A, Vavala C, Rutigliano IM, Musetescu A, Valesini G.
The interobserver reliability of ultrasound in knee osteoarthritis.
Rheumatology 2012; 51: 2013–9.

10. Yanagisawa S, Ohsawa T, Saito K, Kobayashi T, Yamamoto A,
Takagishi K. Morphological evaluation and diagnosis of medial type
osteoarthritis of the knee using ultrasound. J Orthop Sci 2014; 19:
270–4.

11. Chan KK, Sit RW, Wu RW, Ngai AH. Clinical, radiological and
ultrasonographic findings related to knee pain osteoarthritis. PLoS
One 2014; 9: e92901.

12. Visser AW, Mertens B, Rejinierse M, Bloem JL, de Mutsert R, le
Cessie S, Rosendaal FR, Kloppenburg M. Bakers’ cyst and
tibiofemoral abnormalities are more distinctive MRI features of
symptomatic osteoarthritis than patellofemoral abnormalities. RMD
Open 2016; 2: e000234.

13. Podlipska J, Guermazi A, Lehenkari P, Niinimäki J, Roemer FW,
Arokoski JP, Kaukinen P, Liukkonen E, Lammentausta E, Nieminen
MT, Tervonen O, Koski JM, Saarakkala S. Comparison of diagnostic
performance of semi-quantitative knee ultrasound and knee
radiography with MRI: Oulu Knee Osteoarthritis Study. Sci Rep
2016; 6: 22365.

14. Kijima H, Yamada S, Nozaka K, Saito H, Shimada Y. Relationship
between pain and medial meniscal extrusion in knee osteoarthritis.
Adv Orthop 2015; 2015: 210972.

15. Kellgren JH, Lawrence JS. Radiological assessment of osteoarthrosis.
Ann Rheum Dis 1957; 16: 494–502.

16. Koski JM, Kamel A, Waris P, et al. Atlas-based knee osteophyte
assessment with ultrasonography and radiography: relationship to
arthroscopic degeneration of articular cartilage. Scand J Rheumatol
2016; 45: 158–64.

Copyright©2019 Osamu Niwa, MD et al. 
This is an Open access article distributed under the Terms of Creative
Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
author and source are credited.

An ultrasonographic study of knee osteoarthritis

52


