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Introduction

Knee osteoarthritis (OA) is one of the most prevalent mus-
culoskeletal diseases in the elderly population, and pain is 
the most frequent, predominant, and troublesome symptom 
of knee OA.1 Although it is well known that many struc-
tural and degenerative changes occur in the radiolucent tis-
sues of the knee joint, such as articular cartilage tissues, 
menisci, ligaments, and synovial tissues, radiographic 
changes are the most reliable features in diagnosing knee 
OA and in evaluating the severity of the disease. Numerous 
recent reports have shown that magnetic resonance imag-
ing (MRI) has a superior capability to detect nonradio-
graphic changes2,3; however, MRI has not surpassed the 
superiority of radiography in terms of cost, accessibility, 
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Abstract
Objective: This cross-sectional study aimed to explore the differences of the medial and lateral sides of the knee joint and 
precise radiographic abnormalities in contribution to the knee pain and clinical outcomes. Design: Participants 60 years 
or older who underwent radiographic evaluation were included. Knee radiography was assessed using grading systems 
of the Osteoarthritis Research Society International (OARSI) atlas. The Japanese Knee Osteoarthritis Measure (JKOM) 
was evaluated as clinical outcomes. Serum high-sensitivity C-reactive protein (hsCRP) was used to evaluate systemic 
inflammation. We divided the participants into normal, medial-, lateral-, and medial & lateral-OA types and compared their 
JKOM using an analysis of covariance. Furthermore, we analyzed the relationship between the knee pain and stiffness of 
JKOM and the grading of each radiographic feature using a multiple regression model. Results: Lateral- and medial & lateral-
OA groups had a significantly worse symptoms in the total and the pain score, especially in movement subscales, in JKOM 
score. Lateral-OA groups had higher hsCRP than medial-OA group. Multivariate analysis showed that medial joint space 
narrowing (JSN), and lateral femoral and tibial osteophytes significantly affected knee pain (adjusted odds ratios: 1.73, 1.28, 
and 1.55, respectively). The radiographic changes are associated with pain more in JSN in the medial side and osteophytes 
in the lateral side. Conclusion: Lateral- and medial & lateral-OA groups showed worth symptom. In addition, medial JSN and 
lateral osteophytes have potent effects on the knee pain.
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availability, and handling. Thereby, radiographic diagnosis 
remains the gold standard for diagnosing knee OA and has 
been approved by experts for use in large cohort studies.4

Although the radiographic features of knee OA have 
been well established, including joint space narrowing 
(JSN), osteophytes, subchondral sclerosis, and attrition,5 
the relationship between such features and knee pain has 
been inconsistently reported, and radiographic severity 
does not always correlate with pain intensity or functional 
impairment.6,7 One of the reasons for this is that the current 
grading of knee OA is a global assessment rather than a 
precise evaluation. The Kellgren-Lawrence (K-L) system, 
one of the most widely used classification systems, has only 
5 grades.8 In contrast, the Osteoarthritis Research Society 
International (OARSI) atlas criteria involve more precise 
evaluations, including grading of JSN, osteophytes, sub-
chondral sclerosis, and attrition, separately in the medial 
and lateral tibiofemoral compartments.9,10 However, the 
relationship between individual features and symptoms has 
not been well elucidated in this grading system. Because 
defining the subgroups of knee OA may help resolve the 
discordance between radiographic findings and clinical out-
comes, we previously compared knee OA subgroups by 
using simple radiographic features, as follows: knees with 
coexisting lateral OA and medial OA and knees with medial 
OA alone.11 Knees with coexisting lateral OA and medial 
OA had more severe pain than knees with medial OA 
alone, and the presence of lateral knee OA was signifi-
cantly associated with a higher risk of knee pain during 
stair descent and standing. However, the study included 
only participants with a K-L grade of 2, and the sample 
size was small. Moreover, the precise associations between 
individual radiographic features and symptoms remain to 
be investigated.

Therefore, the present cross-sectional study aimed to 
investigate whether radiographic abnormalities are pre-
cisely related to knee pain and clinical outcomes, especially 
in terms of differences in the medial and lateral sides of the 
joint. To address this aim, this study took advantage of a 
large community-based cohort that included almost 10,000 
individuals with available data on various demographic and 
radiographic features.

Materials and Methods

Study Population

This cross-sectional study used data from the Nagahama 
Prospective Cohort for Comprehensive Human Bioscience 
(Nagahama Study). The Nagahama Study included 9850 
middle-aged to elderly citizens who were recruited from 
2013 to 2016 from the general population living in 
Nagahama City, a rural city of 125,000 inhabitants located 
in central Japan. Residents aged 34 to 80 years living 

independently in the community were recruited. The details 
of participant recruitment have been reported elsewhere.12

Participants aged ≥60 years who underwent radio-
graphic evaluation were included in the present study. 
Among them, those with the same total OARSI score for 
both knees but with a different distribution of features were 
excluded, and the knee with the worse OARSI score was 
considered the representative knee. Only participants who 
completed a questionnaire about knee symptoms without 
missing data were considered eligible for the analysis.

Research Ethics and Patient Consent

This study was conducted in accordance with the principles 
of the Declaration of Helsinki and was approved by the eth-
ics committee of Kyoto University Graduate School of 
Medicine and by the Nagahama Municipal Review Board 
(No. C278). Written informed consent was obtained from 
all participants.

Radiographic Evaluation

The participants underwent anteroposterior radiography of 
the knee joints in the fully extended weight-bearing posi-
tion. The radiological severity of the knee joints was evalu-
ated by a registered orthopedic surgeon (TK) and a trained 
examiner (KaN) using the standard scale from the OARSI 
atlas9,10 and the K-L grade.8 In the presence of any disagree-
ment between the scores or grades assessed by the 2 exam-
iners, a third examiner (HI) assessed the radiographs and 
determined the final scores and grades. JSN and osteophytes 
were graded on a 4-point scale (0-3; 0: normal, 1: mild, 2: 
moderate, and 3: severe) with reference to the example 
radiographs in the OARSI atlas.9,10

Radiographic OA (R-OA) according to the OARSI atlas 
grading system was considered to be present when any one 
of the following 3 criteria was met: (1) JSN ≥ grade 2, (2) 
sum of the 2 marginal osteophyte grades from the same 
compartment ≥2, or (3) grade 1 JSN combined with grade 
1 osteophytes.5,13,14

The index knee was defined as follows: (1) the knee with 
greater total OARSI score (medial femoral osteophyte 
[MFO] + medial tibial osteophyte [MTO] + lateral femoral 
osteophyte [LFO] + lateral tibial osteophyte [LTO] + 
medial JSN [MJSN] + lateral JSN [LJSN]) or (2) both the 
right and left knees if they have the same total OARSI score 
and exactly the same OARSI score for each feature.

To examine whether there were differences in symp-
toms according to the radiographic structural characteris-
tics of the knee, the analysis set was divided into 4 groups: 
(1) no R-OA on both the medial and lateral sides, normal 
group; (2) R-OA on the medial side only, medial-OA group; 
(3) R-OA on the lateral side only, lateral-OA group; and 
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(4) R-OA on both the medial and lateral sides, medial & 
lateral-OA group.

To evaluate intrarater reliability, 50 randomly selected 
radiographs were rescored by the same examiner (KN) >1 
week after the first assessment. The intrarater reliability 
was “almost perfect” for JSN (weighted κ = 0.92, 95% 
confidence interval [CI]: 0.85-0.99) and osteophytes 
(weighted κ = 0.90, 95% CI: 0.87-0.93). The interrater reli-
ability, assessed using 50 randomly selected radiographs, 
between 2 examiners (KT and KN) was “almost perfect” for 
JSN (weighted κ = 0.83, 95% CI: 0.73-0.94) and osteo-
phytes (weighted κ = 0.81, 95% CI: 0.77-0.86).15

Clinical Outcome

We used the Japanese Knee Osteoarthritis Measure (JKOM), 
which is a validated outcome measure for Japanese patients 
with knee OA,7,16,17 to identify knee symptoms in the par-
ticipants. The JKOM consists of 4 main items: pain and 
stiffness (pain; a total of 8 questions, 0-32 points), activities 
of daily living (ADL; a total of 10 questions, 0-40 points), 
participation in social activities (social activity; a total of 5 
questions, 0-20 points), and general health conditions (gen-
eral health; a total of 2 questions, 0-8 points), with a total 
score of 100 points. A higher JKOM score indicates a worse 
condition. A previous study has shown the reliability and 
validity of the JKOM for assessing clinical outcomes in 
comparison with other health-related scales such as the 
Western Ontario and McMaster Universities Arthritis Index 
(WOMAC) and the Medical Outcomes Study 36-Item 
Short-form Health Survey (SF-36).16 All participants self-
reported their responses on the JKOM questionnaire.

Clinical Biomarker

High-sensitivity C-reactive protein (hsCRP) was measured 
(reagent: CardioPhase hsCRP; instrumentation: BN II sys-
tem; Siemens) as an inflammatory biomarker. We converted 
any undetectable hsCRP levels (≤0.05 µg/mL, 23 partici-
pants) to 0.05 µg/mL for the analysis.

Statistical Analyses

Descriptive statistics are reported as means and standard 
deviations for continuous variables, and as proportions for 
dichotomous/categorical variables. Differences in JKOM 
scores between subgroups were compared using analysis of 
covariance. Odds ratios of the presence of the individual 
items on the “pain and stiffness” scale were calculated for 
each group in comparison to the normal group, adjusted for 
age, sex, body mass index (BMI), presence of depression, 
and duration of knee symptoms. The hsCRP levels of the 
subgroups were compared using Student’s t-test. Single 
and multiple regression analyses were used to examine the 

associations between radiographic features defined by the 
OARSI atlas and the JKOM pain score, adjusted for age, 
sex, BMI, presence of depression, and muscle mass of the 
lower extremity. Subjects were analyzed as having symp-
toms if there were any symptoms in the knee (JKOM pain 
score ≥ 1). A linear mixed model was used to examine 
whether the effects of a high OARSI grade on the JKOM 
pain score differed at each site. The threshold for signifi-
cance was set at P < 0.05. All statistical analyses were con-
ducted using JMP Pro (version 14.0.0; SAS Institute, Cary, 
NC).

Results

Study Population

A total of 9,850 participants were assessed for eligibility in 
this study. Participants aged ≥60 years (n = 5,018) were 
included in the first surveillance and were asked to undergo 
further radiographic evaluation (knee radiography). Of 
them, 1,739 participants declined. The remaining 3,279 par-
ticipants agreed to be included in this study. After the full 
set of data was surveyed, 384 participants with the same 
total OARSI score on both knees with a different distribu-
tion of features were excluded from further analyses. Of 
the remaining participants, 652 who did not complete the 
JKOM questionnaire were excluded. Finally, 2,253 partici-
pants were included in the full analysis set.

Clinical Outcomes

Table 1 shows the demographic data of each group. The 
medial & lateral-OA group was the most predominant, fol-
lowed by the normal group. The medial-OA and medial & 
lateral-OA groups included more female participants, 
whereas the lateral-OA group had more male participants.

The JKOM score in each group and the odds ratio of the 
presence of pain to the normal group are shown in Figure 1, 
Supplementary Table 1, and Table 2. Analysis of covari-
ance showed statistically significant differences in all items, 
with the medial & lateral-OA group showing the worst 
symptoms. Table 2 shows that the lateral-OA group showed 
worse symptoms than the normal and medial-OA groups, as 
well as a significantly higher odds ratio in several items 
than the medial-OA group, especially in movement sub-
scales such as descending and ascending stairs. These 
results suggest that the presence of structural abnormalities 
on the lateral side may result in worse symptoms than 
abnormalities on the medial side.

Clinical Biomarker

The serum hsCRP levels (mean and standard deviation) 
in the normal, medial-OA, lateral-OA, and medial & 
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lateral-OA groups were 0.74 (1.26), 0.75 (1.91), 1.29 
(2.72), and 0.95 (2.16) µg/mL, respectively (Fig. 2). The 
lateral-OA group showed significantly higher CRP levels 
than the other groups.

Radiographic Features and Symptoms

To evaluate the associations between individual radio-
graphic features and symptoms, we further analyzed the 

relationship between the JKOM pain and stiffness score and 
the grade of each radiographic feature (Fig. 3 and Suppl. 
Table 2). In all items, the symptoms worsened as the grade 
increased, except for LJSN (grade 1 to grade 2). A simple 
regression analysis showed that each item had a significant 
effect on pain (Table 3). Multivariate analysis showed that 
MJSN, LFO, and LTO significantly affected pain with 
higher adjusted odds ratios (Table 3), indicating that the lat-
eral compartment causes worse symptoms.

Table 1. Demographic Data of Each Group.

Normal  
(n = 663)

Medial  
(n = 363)

Lateral  
(n = 268)

Medial & Lateral  
(n = 959)

Analysis Population  
(n = 2,253)

Age, years, mean (SD) 67.7 (5.0) 67.4 (4.9) 69.1 (5.0) 69.7 (5.2) 68.7 (5.2)
Female 349, 52.6 280, 77.1 102, 38.1 712, 74.2 1,443, 64.1
BMI, kg/m2, mean (SD) 21.5 (2.8) 22.0 (3.1) 22.5 (3.0) 23.1 (3.2) 22.4 (3.1)
Radiographic severity
 K/L grade 0 93, 14.0 1, 0.3 3, 1.1 0, 0 97, 4.3
 K/L grade 1 557, 84.0 259, 71.4 255, 95.2 191, 19.9 1262, 56.0
 K/L grade 2 13, 2.0 91, 25.1 9, 3.4 568, 59.2 681, 30.2
 K/L grade 3 0, 0 12, 3.3 1, 0.4 183, 18.9 194, 8.6
 K/L grade 4 0, 0 0, 0 0, 0 19, 2.0 19, 0.8
OARSI atlas
 Medial femoral osteophyte
  Grade 0 (normal) 344, 51.9 1, 0.3 147, 54.9 1, 0.1 493, 21.9
  Grade 1 (mild) 319, 48.1 343, 94.5 121, 45.2 658, 68.6 1441, 64.0
  Grade 2 (moderate) 0, 0 18, 5.0 0, 0 217, 22.6 235, 10.4
  Grade 3 (severe) 0, 0 1, 0.3 0, 0 83, 8.7 84, 3.7
 Medial tibial osteophyte
  Grade 0 (normal) 540, 81.5 2, 0.6 200, 74.6 4, 0.4 746, 33.1
  Grade 1 (mild) 123, 18.6 349, 96.1 68, 25.4 711, 74.1 1251, 55.5
  Grade 2 (moderate) 0, 0 11, 3.0 0, 0 198, 20.7 209, 9.3
  Grade 3 (severe) 0, 0 1, 0.3 0, 0 46, 4.8 47, 2.1
 Medial joint space narrowing
  Grade 0 (normal) 661, 99.7 336, 92.6 267, 99.6 679, 70.8 1943, 86.2
  Grade 1 (mild) 2, 0.3 23, 6.3 1, 0.4 183, 19.1 209, 9.3
  Grade 2 (moderate) 0, 0 3, 0.8 0, 0 60, 6.3 63, 2.8
  Grade 3 (severe) 0, 0 1, 0.3 0, 0 37, 3.9 38, 1.7
 Lateral femoral osteophyte
  Grade 0 (normal) 441, 66.5 282, 77.7 3, 1.1 5, 0.5 731, 32.5
  Grade 1 (mild) 222, 33.5 81, 22.3 258, 96.3 769, 80.2 1330, 59.0
  Grade 2 (moderate) 0, 0 0, 0 6, 2.2 156, 16.3 162, 7.2
  Grade 3 (severe) 0, 0 0, 0 1, 0.4 29, 3.0 30, 1.3
 Lateral tibial osteophyte
  Grade 0 (normal) 473, 71.3 173, 47.7 1, 0.4 1, 0.1 648, 28.8
  Grade 1 (mild) 190, 28.7 190, 52.3 256, 95.5 744, 77.6 1380, 61.3
  Grade 2 (moderate) 0, 0 0, 0 11, 4.1 173, 18.0 184, 8.2
  Grade 3 (severe) 0, 0 0, 0 0, 0 41, 4.3 41, 1.8
 Lateral joint space narrowing
  Grade 0 (normal) 662, 99.9 363, 100 268, 100 901, 94.0 2194, 97.4
  Grade 1 (mild) 1, 0.2 0, 0 0, 0 46, 4.8 47, 2.1
  Grade 2 (moderate) 0, 0 0, 0 0, 0 6, 0.6 6, 0.3
  Grade 3 (severe) 0, 0 0, 0 0, 0 6, 0.6 6, 0.3

BMI = body mass index; K/L = Kellgren/Lawrence; OARSI = Osteoarthritis Research Society International.
aValues are n, %, except where otherwise indicated.
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Figure 1. JKOM value of each group. (a) Total score of JKOM. (b) Pain and stiffness score of JKOM. Higher JKOM score indicates 
worse condition. JKOM = Japanese Knee Osteoarthritis Measure.

Table 2. The Odds Ratio of Presence of Pain in Each Group to the Normal Groupa.

Individual Item of JKOM 
Pain and Stiffness

Medial Lateral Medial & Lateral

Adjusted OR (95% CI) P Value Adjusted OR (95% CI) P Value Adjusted OR (95% CI) P Value

Do you feel stiffness in 
your knees when you 
wake up in the morning?

1.38 (1.02-1.89) 0.0399 1.78 (1.29-2.46) 0.0004 2.66 (2.08-3.39) <0.0001

Do you feel pain in your 
knees when you wake 
up in the morning?

1.41 (1.04-1.92) 0.0271 1.78 (1.29-2.46) 0.0004 2.99 (2.35-3.82) <0.0001

How often do you wake 
up in the night because 
of pain in your knees?

1.37 (0.86-2.18) 0.1863 2.01 (1.27-3.20) 0.0029 2.85 (1.99-4.07) <0.0001

Do you have pain in your 
knees when you walk 
on a flat surface?

1.48 (1.06-2.07) 0.0208 1.56 (1.09-2.23) 0.0141 3.04 (2.34-3.96) <0.0001

Do you have pain in your 
knees when ascending 
stairs?

1.20 (0.90-1.60) 0.214 1.42 (1.04-1.93) 0.0275 2.66 (2.11-3.34) <0.0001

Do you have pain in your 
knees when descending 
stairs?

1.23 (0.92-1.65) 0.1593 1.43 (1.04-1.95) 0.0269 2.81 (2.22-3.54) <0.0001

Do you have pain in your 
knees when bending to 
floor or standing up?

1.31 (1.00-1.72) 0.05 1.42 (1.06-1.91) 0.0197 2.85 (2.28-3.56) <0.0001

Do you have pain in  
your knees when 
standing?

1.14 (0.82-1.58) 0.4269 1.26 (0.89-1.78) 0.1952 2.45 (1.90-3.15) <0.0001

Total 1.18 (0.91-1.54) 0.2195 1.35 (1.01-1.81) 0.0428 2.44 (1.95-3.05) <0.0001

JKOM = Japanese Knee Osteoarthritis Measure; OR = odds ratio; CI = confidence interval; BMI = body mass index.
aOdds ratio of the presence of the individual items on the “pain and stiffness” scale were calculated for each group in comparison to the Normal group, adjusted for age, 
sex, BMI, presence of depression and duration of knee symptoms. Boldface indicates statistical difference.
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To evaluate the effect of increasing OARSI score among 
different radiographic features on the JKOM score, we used 
a linear mixed model by subtracting one score from another 
(Table 4). The results of the analysis showed that pain was 
more likely to increase when the grades of osteophytes on 
the lateral side of the femur increased, with no difference 

in tibial osteophytes (Table 4A). With respect to JSN, the 
medial side had a greater effect than the lateral side 
(Table 4A). Between JSN and osteophytes, JSN in both the 
femur and tibia had greater effects. In contrast, lateral JSN 
was more frequently associated with pain than lateral osteo-
phytes in both the femur and tibia only when the grade 
changed from 0 to 1, whereas lateral osteophytes had greater 
effects than lateral JSN when the grade changed from 1 to 2 
and from 2 to 3 (Table 4B).

Taken together, the radiographic changes that were more 
associated with pain were JSN on the medial side and osteo-
phytes on the lateral side.

Discussion

This study investigated the structural characteristics of the 
knee that affect knee pain using data from a large-scale 
cohort, including participants with no or less severe radio-
graphic changes and symptoms. The lateral-OA and medial 
& lateral-OA groups had more pain in movements than the 
medial-OA group. The lateral-OA group showed higher 
hsCRP levels than the medial-OA group. Moreover, multi-
variate analysis also showed that among the R-OA changes, 
medial JSN and lateral osteophytes significantly affected 
knee pain even after adjusting for age, sex, BMI, presence 
of depression, and muscle mass of the lower extremities.

We previously reported that a group of patients with 
coexisting lateral OA and medial OA presented consider-
ably more pain than patients with only medial OA.11 A simi-
lar tendency was observed in this much larger study that 
included participants with no or less pain and radiographic 
abnormalities: the JKOM score was higher in the medial & 
lateral-OA group than in the medial-OA group. In addition 
to this observation, this study showed that the lateral-OA 
group also presented worse symptoms than the normal and 
medial-OA groups. Furthermore, there was an apparent ten-
dency for pain to be considerably present in different move-
ments in the lateral-OA and medial & lateral-OA groups 
than in the medial-OA group: pain with ascending and 
descending stairs was significantly higher in the lateral-OA 
and medial & lateral-OA groups. Although previous studies 
focused only on participants with a K-L grade of 2, we were 
able to confirm a similar trend in participants of all K-L 
grades in this study.

The reasons why lateral changes are more associated 
with pain are unknown, although a previous study reported 
that synovial inflammatory cytokine levels were signifi-
cantly higher in the bilateral OA group than in the unilateral 
OA group.18 CRP is known to be associated with the extent 
and severity of knee OA and with markers of pain in knee 
OA.19-22 Indeed, this study confirmed that hsCRP levels 
tended to be significantly higher in the lateral-OA group 
than in the other groups, suggesting a difference in the clin-
icopathologic features of the lateral-OA group, which may 

Figure 3. Relation between the pain and stiffness of JKOM and 
the grading of each radiographic feature. Higher JKOM score 
indicates worse condition.
MFO = medial femoral osteophyte; MTO = medial tibial osteophyte; 
LFO = lateral femoral osteophyte; LTO = lateral tibial osteophyte; 
M-JSN = medial joint space narrow; L-JSN = lateral joint space narrow; 
JKOM = Japanese Knee Osteoarthritis Measure.

Figure 2. hs-CRP value of each group.
Bars show the mean and SD. P values were calculated using Student’s t 
test.
*P < 0.05, †P < 0.001.
hs-CRP = high sensitivity C-reactive protein.
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Table 3. Single and Multiple Regression Analysis to Examine the Associations between Radiographic Features Defined by OARSI 
Atlas and JKOM Pain Score.

Simple Regression Analysis Multiple Regression Analysisa

 OR (95% CI) P Value OR (95% CI) P Value

Medial femoral osteophyte 2.05 (1.79-2.36) <0.0001 1.18 (0.98-1.42) 0.0768
Medial tibial osteophyte 2.01 (1.76-2.31) <0.0001 1.12 (0.94-1.35) 0.1969
Medial joint space narrowing 3.09 (2.39-4.00) <0.0001 1.73 (1.32-2.28) <0.0001
Lateral femoral osteophyte 2.14 (1.84-2.47) <0.0001 1.28 (1.07-1.54) 0.0065
Lateral tibial osteophyte 2.39 (2.06-2.78) <0.0001 1.55 (1.29-1.86) <0.0001
Lateral joint space narrowing 3.31 (1.67-5.87) 0.0004 1.49 (0.82-2.70) 0.1612

OR = odds ratio; CI = confidence interval; BMI = body mass index.
aAdjusted by age, sex, BMI, presence of depression, and muscle mass of lower extremity. Boldface indicates statistical significance. 

Table 4. Differences of Changes in JKOM Values at Each Site with Worsening of OARSI Grade.

(A) Difference in Lateral and Medial

 Mean Difference 95% CI P Value

 Grade 0 → 1 0.799 0.185 to 1.413 0.011
 Grade 1 → 2 1.351 0.312 to 2.391 0.011
 Grade 2 → 3 −1.474 −3.431 to 0.483 0.140
LTO-MTO
 Grade 0 → 1 0.204 −0.392 to 0.800 0.503
 Grade 1 → 2 −0.252 −1.280 to 0.776 0.631
 Grade 2 → 3 0.162 −1.816 to 2.140 0.872
LJSN-MJSN
 Grade 0 → 1 0.524 −0.991 to 2.039 0.498
 Grade 1 → 2 −3.623 −7.597 to 0.351 0.074
 Grade 2 → 3 −5.649 −9.722 to −1.576 0.007

(B) Difference in Joint Space Narrow and Osteophyte

 Mean Difference 95% CI P Value

LFO-MFO
MJSN-MFO
 Grade 0 → 1 2.646 1.864 to 3.429 0.000
 Grade 1 → 2 1.914 0.599 to 3.229 0.004
 Grade 2 → 3 1.314 −0.450 to 3.077 0.144
MJSN-MTO
 Grade 0 → 1 2.048 1.290 to 2.807 0.000
 Grade 1 → 2 1.502 0.183 to 2.821 0.026
 Grade 2 → 3 2.607 0.645 to 4.570 0.009
LJSN-LFO
 Grade 0 → 1 2.371 0.936 to 3.806 0.001
 Grade 1 → 2 −3.060 −6.952 to 0.831 0.123
 Grade 2 → 3 −2.861 −7.021 to 1.298 0.178
LJSN-LTO
 Grade 0 → 1 2.368 0.928 to 3.809 0.001
 Grade 1 → 2 −1.869 −5.756 to 2.018 0.346
 Grade 2 → 3 −3.204 −7.284 to 0.876 0.124

MFO = medial femoral osteophyte; MTO = medial tibial osteophyte; LFO = lateral femoral osteophyte; LTO = lateral tibial osteophyte;  
MJSN = medial joint space narrow; LJSN = lateral joint space narrow.
aP values were calculated using a linear mixed model. Boldface indicates statistical significance. 
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contribute to different clinical outcomes. However, the 
results should be interpreted with caution because the rea-
son for the higher hsCRP levels is unknown.

This study showed that knee pain increased as the struc-
tural grade worsened in all regions (medial and lateral 
osteophytes and JSN). Although there are various reports on 
the degree of knee pain and structural knee abnormality in 
knee OA patients, a study using 2 large cohorts that com-
pared both knees in the same participants, which minimizes 
between-person confounding, reported that knee pain 
increased as the K-L grade worsened.23 Our study provides 
additional evidence that structural abnormalities exacerbate 
knee pain. Furthermore, this study elucidated, for the first 
time, that JSN has more profound effects on the medial side 
and osteophytes considerably affect pain on the lateral 
side. The reasons for these results are not clear; however, a 
previous report showed that the influence on the cartilage 
volume is greater than that on medial osteophytes, indicat-
ing a strong association between medial JSN and lateral 
osteophytes.24 With respect to the associations between pain 
and radiographic features, another study showed that par-
ticipants with lateral tibial or femoral osteophytes showed a 
higher risk ratio of pain than those with osteophytes in the 
medial tibia or femur,25 suggesting that lateral osteophytes 
may have a stronger influence on knee pain than medial 
osteophytes.

This study also assessed the effects of JSN and osteophytes 
on pain on both the medial and lateral sides (Table 4). 
Lateral femoral osteophytes affected pain more than osteo-
phytes on the medial side; however, no difference was 
found in tibial osteophytes, suggesting that femoral osteo-
phytes have a more potent influence (Table 4a). In contrast, 
JSN had greater effects than both femoral and tibial osteo-
phytes on the medial side (Table 4b). However, the mean 
difference was greater in medial JNS-MTO than in medial 
JNS-MFO, suggesting a more potent influence of osteo-
phytes in the femur (Table 4b). To our knowledge, this dif-
ference in associations with pain of osteophytes has not 
been reported thus far, and the reasons remain to be investi-
gated. However, radiographic osteophytes in the femur are 
more reliable than those in the tibia for assessing pain in the 
knee joint.

This study had several limitations. First, we analyzed 
participants aged ≥60 years from a single ethnic group. It 
would be necessary to analyze other groups including 
younger individuals and/or participants of other ethnicities 
to determine whether the same tendency would be con-
firmed in such populations. Second, we adopted the OARSI 
criteria, which are more precise than the K-L grades; how-
ever, the results may be different when using other criteria 
of knee OA, other radiographic grading, or other imaging 
modalities such as MRI. Although there are concerns on its 
limited accessibility in clinical practice, MRI can detect 

more precise changes in early stage and has advantage to 
capture earlier structural features of patients with knee pain. 
In addition, the patellofemoral compartment was not 
assessed by any modality in this study. Third, differences in 
the location and pattern of knee pain have been reported in 
other studies. However, our study was not able to confirm 
this information due to the study design and this should be 
kept in consideration. Fourth, the causal relationship 
between high hsCRP levels and pain remains to be investi-
gated. Fifth, although we adjusted the multivariate analysis 
for age, sex, BMI, presence of depression, and muscle mass 
of the lower extremity, other factors such as genetic back-
ground, mechanical misalignment, degenerative changes of 
the articular cartilage, inflammation in tissues including 
synovia, and subchondral bone changes may affect the 
results. Sixth, participants were analyzed as symptomatic if 
there were any symptoms in the knee (JKOM ≥1) in this 
study. Although we were able to confirm the same result 
even if the definition of symptomatic was changed to JKOM 
≥2 (data not shown), the pain threshold may be different in 
each participant. Finally, the cross-sectional design of this 
study precluded any conclusions about the causal relation-
ship between group characteristics and clinical outcomes.

In conclusion, we identified the specific radiographic 
features of the knee that contribute to knee pain. Groups 
with lateral-side changes showed worse symptoms and 
higher hsCRP levels. In addition, medial JSN and lateral 
osteophytes had potent effects on knee pain.
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