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1. Introduction
Osteoarthritis (OA) of the knee is a significant cause of 
pain and disability and radiography is a major tool for its 
diagnosis. Osteophytes and joint space narrowing (JSN) 
are both typical radiographic findings of osteoarthritis, 
and they are among the radiographic parameters used 
in the grading systems (1). However, they are not always 
present to the same extent in the affected joints. In some 
subjects with knee OA, we observe marked JSN in the 
absence of a significant osteophyte, and vice versa. The 
factors associated with this discrepancy are unclear 
but this distinction probably reflects differences in the 
underlying pathogenetic mechanisms and signifies 
different phenotypes (2). Obesity is a risk factor for both 
the development (3-5) and progression (6) of knee OA. In 
addition, physical disability in obese subjects with knee 
OA can be significantly improved by moderate weight 
reduction regimes (7). Therapeutic approaches in the 
future are very likely to take phenotypes into consideration 

to reach significance (2). In the present study, we studied 
the association between obesity and the radiographic 
phenotype, i.e. osteophyte-dominant (O-dominant) versus 
JSN-dominant radiographic patterns in knee OA.

2. Materials and methods
Seven hundred and thirty-four women of 40 years of age 
or more (median 51 years) who had knee pain (subjects 
of an epidemiological study investigating the prevalences 
of OA in Turkey, who had knee radiography available) 
were included. The Local Ethical Committee of Gazi 
University Medical Faculty approved the study protocol. 
Written informed consent was obtained from all of the 
study subjects. In the original study, home visits were 
made to fill out a questionnaire for each subject and those 
who had pain in their knees, hips, or hand joints in most 
of the days for at least one month duration were invited 
for clinical evaluation. They underwent a musculoskeletal 
examination, as well as weight and height measurements. 

Background/aim: Investigation of the association between obesity and the distinction of radiographic patterns in knee osteoarthritis. 

Materials and methods: Seven hundred and thirty-four women underwent weight-bearing antero-posterior knee radiography. 
Osteophytes and joint space narrowing (JSN) were graded according to the OARSI atlas. Each subject was assigned to one of the following 
groups with respect to the maximum score: osteophyte-dominant, indeterminate, JSN-dominant, and radiographically normal. 

Results: Obese patients had a significantly more frequent osteophyte-dominant pattern compared to nonobese subjects (74.5% and 
38%, respectively, P < 0.001). Logistic regression analysis demonstrated that obesity had a stronger association with an osteophyte-
dominant pattern compared to a JSN-dominant pattern (OR and 95% CI = 7.16 (3.15–16.26) and 1.63 (0.96–2.78), respectively). Age 
had a very weak effect on the distinction to an osteophyte-dominant pattern and no effect on JSN dominance (OR and 95% CI = 1.1 
(1.06–1.15) and 1.02 (0.99–1.05), respectively). 

Conclusion: There might be an association between obesity and the radiographic phenotype in patients with knee osteoarthritis. The 
findings suggest that the association between obesity and the osteophyte formation is stronger than that of JSN. 
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Those who had knee pain underwent a weight-bearing 
antero-posterior conventional radiography of the knees in 
extended position. Body mass index (BMI) was calculated 
by dividing body weight in kilograms by the square of 
body height in meters. Obesity was defined as BMI higher 
than 29.9 (8). 
2.1. Radiographic evaluation
Detailed grading of the knee radiographies with respect 
to osteophytes (grade 0–3) and JSN (grade 0–3) according 
to the OARSI atlas (9) was done. In this grading system, 
osteophytes are evaluated at 4 sites (medial femoral 
condyle, medial tibial plateau, lateral femoral condyle, 
lateral tibial plateau) and JSN is evaluated at 2 sites (medial 
and lateral). All radiographs were evaluated by a single 
observer who was blinded to the age of the study subjects. 
The radiographs from 50 randomly selected subjects were 
re-graded by the same observer one month after the first 
evaluation for intra-observer variability. The highest grade 
at any site was used for classification of the radiographic 
phenotype and each subject was assigned to one of 
the following 4 groups: O-dominant (if the maximum 
osteophyte score is greater than the maximum JSN score), 
JSN-dominant (if the mean maximum JSN score is greater 
than the maximum osteophyte score), indeterminate (the 
maximum osteophyte score equal to the maximum JSN 
score), and radiographically normal.
2.2. Statistical analysis
Data were given as mean ± standard deviation (SD), 
except for age. Age was given as median. One way analysis 
of variance (ANOVA) was performed to analyze the 
differences between groups with respect to weight and 
BMI. The Tukey HSD test was used for post hoc analysis. 
A P value of less than 0.05 was considered statistically 
significant. Age was not normally distributed; therefore, 
the comparison was tested with the Kruskal–Wallis test. If 

a P value from the Kruskal–Wallis test was less than 0.05, 
paired comparisons were also subsequently tested with 
the Mann–Whitney U test, where a P value of less than 
0.05/number of the comparisons (Bonferroni correction) 
was considered statistically significant. The chi-square 
test was used for comparisons of the frequencies in the 
dominant radiographic patterns between obese and 
nonobese subjects, and ORs (95% CI) and P values were 
adjusted for age by using Mantel– Haenzel analyses. 
Multivariate logistic regression analysis was used to 
analyze the age adjusted relationships between obesity and 
radiographically dominant patterns. Reproducibility of the 
radiographic evaluations was assessed using the weighted 
kappa (κ) statistics. 

3. Results
The reproducibility of both osteophyte and JSN assessments 
were excellent. Intra-observer reproducibility was better for 
osteophyte assessments compared to JSN assessments (κ 
= 0.92 for osteophyte scores and κ = 0.82 for JSN scores). 
Subjects with O-dominant radiographic patterns were 
older and heavier and had higher BMI when compared to 
the others. Subjects with no radiographic findings of OA 
according to the OARSI atlas were the youngest and had 
the lowest weight and BMI values compared to the other 
groups. In paired comparisons, the differences between 
those with O-dominant and JSN-dominant radiographic 
patterns, as well as between O-dominant and normal 
radiography groups, were statistically significant for all 
variables tested, including age, body weight, and BMI. In 
addition, the differences between those with indeterminate 
and JSN-dominant radiographic patterns, as well as between 
indeterminate and normal radiographic patterns, were also 
statistically significant for all variables. The characteristics of 
the study subjects are provided in Table 1.

Table 1. Characteristics of the study subjects.

N
Normal O-dominant Indeterminate JSN-dominant P (overall)

68 127 221 318 -

Age, median, (years) 45 57 55 49 <0.001

Body weight, mean ± SD, (kg) 76.5 ± 11 84 ± 14 82 ± 16 78.5 ± 13 <0.001

BMI, mean ± SD, (kg/m2) 31 ± 4 35 ± 5 34 ± 6 32 ± 5 <0.001

O-dominant vs. normal and O-dominant vs. JSN-dominant, P values < 0.001 for age and BMI, 0.001 for body weight. Normal vs. 
indeterminate, P < 0.001 for age and BMI, 0.02 for body weight, JSN-dominant vs. indeterminate, 0.001 for age, <0.001 for BMI and 
0.02 for body weight. 
Other paired comparisons were not statistically significant.
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The relationship between obesity and radiographic 
pattern was analyzed using those with normal radiography 
as the control group, and the differences in the frequencies 
of the dominant radiologic pattern between obese and 
nonobese subjects were adjusted for age. Obese subjects 
had significantly a more frequent O-dominant pattern 
compared to nonobese subjects. However, the frequency 
of a JSN-dominant pattern did not differ between obese 
and nonobese subjects (Table 2).

Multivariate logistic regression analysis showed that 
obesity was significantly associated with an O-dominant 
pattern; however, when the subjects with normal 
radiography comprised the reference group, this had no 
effect on JSN-dominancy (Table 3). Similar results were 
obtained in all tertiles of BMI (Table 4). In addition, age 
was also associated only with an O-dominant pattern 
(Table 3). 

Analysis using mean osteophyte and JSN scores, 
instead of the maximum scores, revealed similar results. 
Osteophyte scores at 4 sites were summed and divided by 4 
to get a mean osteophyte score for each subject. Similarly, 
mean JSN scores were found by dividing medial plus 
lateral JSN scores by 2. Each subject was similarly assigned 
to one of the following 4 groups: O-dominant (if the mean 
osteophyte score is greater than mean JSN score), JSN-
dominant (if the mean JSN score is greater than mean 
osteophyte score), indeterminate (if the mean osteophyte 
score is equal to the mean JSN score), and radiographically 
normal. Similarly, subjects with O-dominant radiographic 
patterns were older and heavier and had higher mean BMI 
compared to the others (P < 0.001 for all). Obese subjects 
had a significantly more frequent O-dominant pattern as 
well as a JSN-dominant pattern compared to nonobese 
subjects (Table 5). Multivariate logistic regression analysis 

Table 2. Frequencies of the radiographic patterns in obese and nonobese subjects.

Obese
% (n)

Nonobese
% (n)

OR*
(95% CI)

P

O-dominant 74.5 (108) 38 (19) 4.57 (2.04–10.1) <0.00001

Normal 24.5 (37) 62 (31)

JSN-dominant 85.1 (211) 77.7 (108) 1.56 (0.89–2.77) 0.13

Normal 14.9 (37) 22.3 (31)

P values and ORs are adjusted for age.
*ORs reflected comparisons between obese and nonobese groups.

Table 3. Associations of obesity and age with radiographic patterns.

OR (95% CI) O-dominant JSN-dominant

Obesity 7.16 (3.15–16.26) 1.63 (0.96–2.78)

Age 1.1 (1.06–1.15) 1.02 (0.99–1.05)

ORs (95% CI) are with respect to those with normal radiography; all values are adjusted for age 
(for obesity), obesity (for age). Nonobese subject was defined as BMI <29.9 kg/m2. 

Table 4. Radiographic patterns with respect to BMI tertiles.

BMI O-dominant 
(OR (95% CI))  

JSN-dominant
(OR (95% CI))                                  

>29.9 7.16 (3.15–16.26) 1.63 (0.96–2.78)

>34.9 10.41 (4.14–26.17) 1.87 (0.90–3.86)

>39.9 52.42 (5.99–458.69) 7.46 (0.97–57.19)

ORs (95% CI) are with respect to those with normal radiography. All values are adjusted for age.
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showed that obesity was independently associated with 
both O- dominant and JSN-dominant patterns. However, 
the association between obesity and JSN dominance 
was weak (Table 6). Moreover when tertiles of BMI are 
evaluated separately, this association was seen in only the 
highest tertile of BMI (Table 7).

4. Discussion
In this study, we classified knee OA according to the 
dominant radiographic feature using the OARSI atlas. This 
classification has not been previously used to analyze the 
relationship between obesity and radiographic features. 
Development of radiographic features does not occur to the 
same degree in all subjects, and the reasons for this remain 
unclear. We could hypothesize that the pathogenesis of 
osteophyte formation is different to that of JSN. Hence, the 

classification we described here might be helpful in studies 
analyzing pathogenetic mechanisms in OA subjects and 
phenotyping. We reported both maximum and mean 
scores and they are close to each other; however, maximum 
scores resulted in a stronger statistical significance and 
seem to work better for the distinction between the two 
groups. Therefore, we would recommend using maximum 
scores for radiographic phenotyping.

Obesity is a risk factor for OA, and JSN may be more 
subjective and it might be considered that there is a chance 
that we are identifying more true OA in the obese group 
vs. nonobese group. However, only those who had knee 
pain most of the days for at least one month were invited 
for physical examination. Other causes of knee pain were 
excluded by questions in the questionnaire, as well as by 
physical examination. Therefore, we think that all the 

Table 5. Frequencies of the radiographic patterns in obese and nonobese subjects when mean scores are taken.

Obese
% (n)

Nonobese
% (n)

OR*
(95% CI) P

O-dominant 80.9 (157) 38 (19) 6.97 (2.93–15.42) <0.001

Normal 19.1 (37) 62 (31)

JSN-dominant 89 (298) 81.9 (140) 1.76 (1.01–3.05) 0.04

Normal 11 (37) 18.1 (31)

P values and ORs are adjusted for age.
*ORs reflect comparisons between obese and nonobese groups.

Table 6. Associations of obesity and age with radiographic patterns
when mean scores are taken.

OR (95% CI) O-dominant JSN-dominant

Obesity 11.69 (4.83–28.28) 1.87 (1.1–3.15)

Age 1.13 (1.09–1.18) 1.03 (1–1.06)

ORs (95% CI) are with respect to those with normal radiography; all values are adjusted for age 
(for obesity), obesity (for age). Nonobese subject was defined as BMI <29.9 kg/m2. 

Table 7. Radiographic patterns with respect to BMI tertiles when mean scores are taken.

BMI O-dominant OR (95% CI) JSN-dominant OR (95% CI)
>29.9 11.69 (4.83–28.80) 1.87 (1.1–3.16)
>34.9 16.70 (6.40–43.58) 2.03 (0.99–4.13)
>39.9 108.80 (12.18–971.41) 8.19 (1.08–62.01)

ORs (95% CI) are with respect to those with normal radiography. All values are adjusted for age.
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patients had symptomatic clinical OA and hence true OA.
The major limitation of the present study is that the 

control group comprised subjects with knee pain rather 
than healthy subjects. Therefore, some of these subjects 
might have clinical OA according to the American College 
of Rheumatology’s classification criteria for the knee OA 
(10). However, we aimed to investigate the association 
between radiographic features and obesity. Hence, we did 
not use ACR classification criteria because these criteria 
do not include any radiographic features of OA except for 
osteophytes (10). A second limitation of the study is that 
test–retest variability was unable to be confirmed. Knee 
radiographs were not repeated at short intervals to assess 
the variability related to repeat radiography; this step was 
not included in the protocol of the primary study in order 
to reduce radiation exposure.

Age is an important risk factor for OA (11) and aging 
is strongly associated with development of knee OA in 
women (3). We have demonstrated that among women 
≥40 years of age who had knee pain, radiographic patterns 
differed with respect to age. Those with normal radiography 
were the youngest, followed by those with JSN-dominant 
patterns, indeterminate, and lastly O-dominant patterns. 
Similarly, in the Chingford study, those with incident knee 
osteophytes during the follow up were older (3).

Subjects with O-dominant radiographic patterns had 
significantly higher body weight and BMI compared 
to those with JSN-dominant patterns and to those 
with normal radiography. Analysis of both mean and 
maximum scores gave similar results. The relationship 
between obesity and OA has been extensively studied in 
the cohort of the Framingham study. In the Framingham 
study (12), which is a population-based longitudinal study, 
a strong association between obesity and knee OA was 
demonstrated. Furthermore, it was shown that weight loss 
is associated with a significantly reduced risk regarding 
the development of knee OA (13). We found that the 

frequency of O-dominant patterns is significantly higher 
in obese subjects than in nonobese subjects. However, JSN 
dominancy did not differ between obese and nonobese 
subjects. The relationship between obesity and osteophyte 
formation has been investigated by several studies. In 
the Chingford study (3), the authors demonstrated a 
significant association between BMI higher than 26.4 kg/
m2 and incident osteophytes. In the extended report of 
the Chingford study, the same authors demonstrated that 
obesity was also an important risk factor for the progression 
of the osteophyte score (4). Similarly, Cooper et al. (5) also 
found that obesity was the only statistically significant 
predictor of progression of knee OA based on osteophyte 
formation. The age-adjusted analyses of obesity and OA 
radiographic patterns in our study are consistent with 
the results of these studies. We found that the association 
between obesity and the distinction to O-dominant 
pattern was stronger than that of JSN-dominant pattern. 
In agreement with our findings, the Chingford study (3) 
also demonstrated that obesity was not associated with 
incident JSN and, in its extended report (4), the majority 
of the incident disease was due to osteophyte formation 
in obese subjects and progression of JSN grades in the 
obese groups was not uniform. However, in these previous 
studies radiographic findings were not categorized with 
respect to dominant radiographic pattern.

Obesity might be associated with certain radiographic 
patterns in subjects with OA of the knee. Our findings 
suggest that the effect of obesity on osteophyte formation 
might be stronger than its effect on JSN. These results 
might shed light on the pathogenesis of osteoarthritis and 
the evolution of its individual radiographic phenotypes.
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