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29 Introduction

30 Osteoarthritis (OA) of the knee is one of the most common causes of debilitating joint disease (1). 

31 Moreover, the economic burden associated with treatment and loss of productivity is substantial (2). 

32 The course of disease varies considerably, and it is essential to identify valid biomarkers that can be 

33 used to accurately predict disease progression. Previous studies have described potential 

34 biochemical markers (3,4) but imaging has the advantage of visualizing OA in specific joints. 

35 Radiography and magnetic resonance imaging (MRI) are the most widely used imaging techniques 

36 in knee OA; the latter primarily for scientific purposes. Thus, MRI has gathered considerable 

37 attention in knee OA research, partly due to its ability to detect pre-clinical OA. However, there is 

38 currently no formalized MRI-based OA definition (5,6). 

39 Radiography is an established method in the diagnosis of knee OA (7) and is often used in disease 

40 follow-up (8). An inconsistent association between radiographic and symptomatic OA, however, 

41 hampers diagnosis and complicates management of patients with knee OA (9,10). Thus, clinical 

42 signs of OA can be seen without radiographic OA and radiographic OA changes are frequently 

43 observed in persons without symptoms (11). However, increasing radiographic OA severity is more 

44 likely to be accompanied by symptoms (12). 

45 The long-term consequences of radiographic changes in symptomatic knee OA have been 

46 investigated in several studies (13–15) whereas the significance of such findings in asymptomatic 

47 knees remains uncertain. Radiographic OA might, however, be an important prognostic marker in 

48 asymptomatic knees and could be associated with the long-term risk of symptomatic OA 

49 development and eventually total knee arthroplasty (TKA).
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50 In a previous study, radiographic changes, specifically joint space narrowing (JSN), were associated 

51 with the risk of disease progression and TKA in patients with symptomatic knee OA during a 

52 follow-up period of 15 years (15). The contralateral, non-symptomatic knee was examined by 

53 radiography at baseline, but not investigated further. Follow-up data on TKA was obtained for both 

54 knees (15). 

55 In this study, we investigated whether radiographic or clinical findings at baseline are associated 

56 with the incidence of TKA in knees without symptomatic OA during a mean follow-up period of 15 

57 years in persons with symptomatic OA of the other knee. 

58

59 Materials and methods

60 Data sources

61 The study was partly based on data from the Danish Civil Registration System and the Danish 

62 National Patient Register. 

63 The Danish Civil Registration System assigns a unique 10-digit personal identification number to 

64 all Danish citizens, enabling accurate linkage across all national registers. The Danish National 

65 Patient Register includes data on all hospital in-patient as well as out-patient contacts. Danish 

66 public and private hospitals are obliged to report discharge diagnoses to the Danish National Patient 

67 Register, which are coded according to the Danish version of the International Classification of 

68 Diseases (ICD-10).

69
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70 Participants

71 Participants were recruited from a previous multi-center, randomized, placebo-controlled trial 

72 comparing the effect of five intra-articular injections of Hyalgan® and placebo (16) in 337 

73 participants fulfilling the clinical criteria for knee OA according to the ACR (American College of 

74 Rheumatology) criteria (7). The inclusion criteria were primary knee OA, a Lequesne 

75 Algofunctional Index score of 10 or more (range: 0-24), a normal C-reactive protein level and e-

76 GFR ≥ 60. Exclusion criteria were symptomatic OA from the other knee, inflammatory joint disease 

77 or severe co-morbidity (such as cancer and poor general health). Radiographic OA changes of the 

78 non-symptomatic was not an exclusion criterion. The participants entered the study between 

79 January 2000 and December 2002. 

80 A total of 102 participants entered the study at our institution and radiography was obtained of both 

81 knees. At follow-up, radiographs were missing in 14 non-symptomatic knees and in two target 

82 knees; thus, evaluation of radiographic changes in the non-symptomatic knee was confined to 88 

83 participants. The 100 target knees have already been investigated in a previous study (15).  

84 Demographic variables were measured at baseline. Participants filled out a Western Ontario and 

85 McMaster Universities (WOMAC) questionnaire (17) regarding their symptomatic knee. The 

86 WOMAC score is divided in three domains: Pain (five items), stiffness (two items) and physical 

87 function (17 items). We used a 100 mm Visual Analogue Scale ranging from no 

88 pain/stiffness/difficulty (0) to extreme pain/stiffness/difficulty (100) with the following ranges: pain 

89 = 0-500, stiffness = 0-200, physical function = 0-1700, total score = 0-2400. No symptomatic 

90 scoring was performed of the 88 non-symptomatic knees.
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91 The original study was approved by the Central Denmark Region Committee on Health Research 

92 Ethics and was carried out in accordance with the Declaration of Helsinki. Written informed 

93 consent was obtained from all participants prior to participation, including consent to publish study 

94 results and images. 

95 The Central Denmark Region Committee on Health Research Ethics was contacted prior to this 

96 follow-up study and the need for ethical approval was waived. The study was approved by the 

97 Danish Data Protection Agency (1-16-02-126-16).

98

99 Imaging and image analysis

100 Radiographs of both knees were obtained at study inclusion using a one leg weight-bearing 

101 technique in 300 flexion in three views: Posteroanterior and lateral views of the tibiofemoral, and 

102 axial view of the patellofemoral joint space. The initial lateral radiograph was used as guidance for 

103 securing optimal inclination of the lower leg for visualization of the tibiofemoral and patellofemoral 

104 joint spaces (18).

105 All radiographs were anonymized prior to analysis and the reader was blinded to study information 

106 and outcome. Radiographic evaluations were performed by a senior musculoskeletal radiologists 

107 (NE) according to a modified Ahlbäck grading (19); Grade 0 = normal joint spaces, grade 0.5 = 

108 minimal but definite JSN (25% JSN), grade 1.0 = > 50%, grade 1.5 = > 75% and grade 2.0 = 100% 

109 JSN; grade 3 = 100% JSN and < 5 mm bone attrition; grade 4 = 100% JSN and > 5 mm bone 

110 attrition. We defined OA as JSN ≥ grade 0.5 in at least one knee joint space. Osteophytes (grades 0-

111 3), subchondral sclerosis (0/1) and subchondral cysts (0/1) were also assessed (20). Osteophytes 

112 were graded as follows: grade 0 = no osteophytes, grade 1 = possible or small osteophytes, grade 2 

113 = definite and moderate osteophytes, grade 4 = large osteophytes. 
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114

115 Acquisition of follow-up data

116 Data on TKA procedures in both knees were extracted from the Danish National Patient Register, 

117 dividing the study population into a TKA and a non-TKA group. 

118

119 Statistical analysis

120 Data were analyzed using Stata 13.0 (StataCorp, College Station, TX, USA). Baseline 

121 characteristics were analyzed descriptively using means and standard deviations (SDs). 

122 Our primary goal was to analyze any associations between baseline radiographic changes and the 

123 risk of TKA in the non-symptomatic knee at follow-up. Furthermore, to analyze if other baseline 

124 variables, including sex, age and body mass index (BMI), as well as the degree of symptoms in the 

125 inclusion knee, were associated with the risk of TKA in the non-symptomatic knee. 

126 Associations were analyzed using univariable and multivariable log-binominal regression analyses. 

127 Multivariable log-binominal regression was performed for radiographic measures only, with 

128 adjustment for possible confounders (sex, age, BMI). The extent of any significant association was 

129 expressed in risk ratios (RR) with 95% confidence intervals (95% CI). 

130 Kaplan-Meier plots were made comparing the cumulative incidence of TKA over time in relation to 

131 JSN (21). BMI was divided into four grades for calculations of RR: Grade 1 (normal) = <25 kg/m2, 

132 Grade 2 (overweight) = 25 - <30 kg/m2, Grade 3 (obese) = 30 - <35 kg/m2 and Grade 4 (very obese) 

133 = ≥35 kg/m2.

134

135 Results
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136 Baseline characteristics of the 88 participants are shown in Table 1. The mean follow-up

137 time was 15.2 years (range 14.2 to 16.4 years). A total of 35 participants had undergone TKA in the 

138 non-symptomatic knee at follow-up. Among the different baseline demographic and clinical 

139 variables, only an increased BMI was significantly associated with the risk of subsequent TKA, RR 

140 1.4 (95% CI 1.1 to 1.8).

141

142 Table 1. Baseline characteristics of the 88 participants and total knee arthroplasty of the non-
143 symptomatic knee.
144

Total knee arthroplasty 
(TKA)* If p value <0.05Variable Total (n=88)

Yes (n=35) No (n=53)
p Value

RR (95% CI)
Female, % (no.) 69.3% (61) 65.7% (23) 71.7% (38) 0.53 -
Age (years), mean (SD) 61.6 (9.9) 59.6 (9.3) 62.3 (10.2) 0.15 -
BMI (kg/m2), mean (SD) 28.7 (4.6) 30.3 (4.3) 27.7 (4.5) 0.003 1.4 (1.1 to 1.8)
WOMAC, mean (SD):      
- Pain 182 (90) 184 (96) 181 (87) 0.87 -
- Stiffness 80 (44) 89 (44) 74 (43) 0.08 -
- Function 656 (318) 684 (337) 637 (307) 0.48 -
Hyalgan treatment %, (no.)** 46.6% (41) 45.7% (16) 47.2% (25) 0.89 -

145 RR: risk ratio; CI: confidence interval; RR: relative risk; SD: standard deviation; BMI: body mass index; WOMAC: 
146 Western Ontario and McMaster Universities OA index
147 * Number of participants with TKA at follow-up in knees without symptomatic knee osteoarthritis at baseline
148 *Hyalgan treatment was administered locally in the symptomatic knee (i.e. the inclusion knee)
149

150 The radiographic findings at baseline in the 88 non-symptomatic knees are shown in Table 2. 

151 Radiographic OA changes were frequent: 66% had at least Grade 0.5 JSN, osteophytes of any grade 

152 were present in 52%, while subchondral sclerosis was present in 13%. Subchondral cysts were only 

153 present in three knees (one with subsequent TKA) and were omitted from further analysis due to the 

154 low prevalence. 

155
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157

158 Table 2. Radiographic predictors for knee replacement in knees without symptomatic knee OA at 
159 baseline
160
161

Total knee arthroplasty 
(TKA)Variable Total 

(n=88)* Yes (n=35) No (n=53) p Value RR (95% CI)
Mean JSN grade (SD) 0.95 (0.97) 1.59 (1.00) 0.54 (0.69) <0.001 1.6 (1.4 to 1.9)
JSN grade:     
- 0, % (no.) 34% (30) 17% (6) 45% (24) N.a. Baseline**
- 0.5, % (no.) 20% (18) 6% (2) 30% (16) 0.44 0.6 (0.1 to 2.5)
- 1, % (no.) 7% (6) 6% (2) 8% (4) 0.44 1.7 (0.4 to 6.4)
- 1.5, % (no.) 16% (14) 26% (9) 9% (5) 0.005 3.2 (1.4 to 7.3)
- 2, % (no.) 14% (12) 26% (9) 6% (3) 0.001 3.8 (1.7 to 8.2)
- 3, % (no.) 9% (8) 20% (7) 2% (1) <0.001 4.4 (2.0 to 9.4)
Mean osteophyte 
grade (SD) 0.84 (0.97) 1.43 (0.95) 0.45 (0.77) 0.001 1.5 (1.3 to 1.8)
Osteophyte grade     
- 0, % (no.) 48% (42) 14% (5) 70% (37) N.a. Baseline**
- 1, % (no.) 28% (25) 46% (16) 17% (9) <0.001 1.7 (0.8 to 2.6)
- 2, % (no.) 16% (14) 23% (8) 11% (6) <0.001 1.6 (0.6 to 2.5)
- 3, % (no.) 8% (7) 17% (6) 2% (1) <0.001 2.0 (1.1 to 2.9)
Subchondral sclerosis, 
present, % (no.) 13% (11) 26% (9) 4% (2) <0.001 2.4 (1.6 to 3.7)

162 RR: risk ratio; CI: confidence interval; SD: standard deviation; no.: number; n.a.: not applicable; JSN: joint space 
163 narrowing
164 *   Twelve participants excluded because of missing baseline radiographs
165 ** Used as the baseline value; the risk of TKA with increasing JSN and osteophyte grade are calculated compared to 
166 the baseline 

167

168 A significant association was found between TKA at follow-up and baseline JSN (RR 1.6 (95% CI 

169 1.4 to 1.9)), osteophytes (RR 1.5 (95% CI 1.3 to 1.8)) and subchondral sclerosis (RR 2.4 (95% CI 

170 1.6 to 3.7)). The associations did not change after adjustment for potential confounders (results not 

171 shown).

172 Increasing grades of JSN and osteophytes at baseline increased the risk of TKA at follow-up, see 

173 Figure 1 and Table 2. Thus, the RR of undergoing TKA in persons with grades 2 and 3 JSN was 3.8 

174 (95% CI 1.7 to 8.2) and 4.4 (95% CI 2.0 to 9.4), respectively, compared to persons with JSN grade 

175 0 (Table 2). The wide confidence intervals reflect the relatively low number of persons in each 
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176 group. The Kaplan-Meier time to event analysis illustrates the relation between increasing degrees 

177 of JSN at baseline and the risk of TKA (Figure 1).

178

179 Figure 1. Kaplan-Meier plot showing the cumulative incidence of TKA during follow-up in the 

180 non-symptomatic knee in relation to different degrees of JSN at baseline

181 TKA: total knee arthroplasty; JSN: joint space narrowing

182

183

184 Sixty-six participants had undergone TKA in their symptomatic knee at follow-up (results 

185 published elsewhere) (15). All participants who undergone a TKA in the non-symptomatic knee 

186 already underwent TKA in the symptomatic knee.

187

188 Discussion

189 In this study we found that radiographic OA changes and BMI at baseline were associated with the 

190 long-term risk of TKA in non-symptomatic knees during a mean follow-up period of 15 years. 

191 Thus, radiographic OA should not be interpreted as a random finding in an otherwise asymptomatic 

192 individual but as a risk factor for future OA development, at least in persons with contralateral knee 

193 OA. 

194 The prevalence of radiographic OA changes, frequent knee pain and symptomatic knee OA was 

195 recently examined in a random sample of 10,000 people between 56 and 84 years of age (mean age 

196 70 years) (11). Frequent knee pain was found in 25.1%. A random sample of 1,300 individuals with 

197 frequent knee pain and 650 without were further analyzed. Radiographic OA (defined as Kellgren-
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198 Lawrence (K-L) grade of ≥ 2) was found in 25.6% and symptomatic knee OA (defined either as 

199 clinical knee OA according to the ACR clinical criteria or as radiographic knee OA and frequent 

200 knee pain) was found in 15.4%. Radiographic knee OA without symptoms were seen in 11% and 

201 even though these persons did not have OA according to the ACR criteria, our results indicate an 

202 increased long-term risk of TKA. 

203 The natural course of persons without frequent knee pain but with radiographic knee OA has only 

204 been examined in a limited number of studies. In the US Framingham Osteoarthritis Study (22), 869 

205 persons were followed for a mean period of 8.1 years. A total of 30% (n=261) had asymptomatic 

206 radiographic knee OA at baseline (KL ≥ 2) of which 29% (n=76) had radiographic progression at 

207 follow-up; 11% (n=93) developed asymptomatic radiographic knee OA during follow-up. The 

208 number of TKAs was not reported. In the UK Chingford Women´s Study (23), 561 asymptomatic 

209 women were followed for a mean period of 14 years. A total of 19% (n=106) had radiographic knee 

210 OA at baseline (KL ≥ 2) of which 38% (n=40) had radiographic progression at follow-up. Nineteen 

211 had received a TKA at follow-up; six of them had a baseline K-L ≥2 and 13 had a baseline K-L <2. 

212 Our study sample differed from the populations in these community-based studies (22,23) as 

213 symptomatic knee OA was already present in the contralateral knee. Furthermore, our definition of 

214 radiographic knee OA was based on the degree of joint space narrowing (19,24) whereas the K-L 

215 grading was based on the presence of osteophytes (25). Thus, K-L grade 2 used to define 

216 radiographic knee OA in these studies (22,23) was defined as a “definite osteophyte, possible JSN” 

217 (23). 

218 Despite these differences, our results were similar. Radiographic knee OA was seen in 66% (n=58) 

219 at baseline (defined as any degree of JSN); 40% (n=35) progressed to TKA of which 33% (n=29) 

220 had some degree of JSN at baseline and 7% (n=6) did not (Table 2). Thus, the rate of disease 
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221 progression was similar to our results, indicating that the risk of symptomatic knee OA is 

222 significant once radiographic signs of OA are present. Furthermore, our results showed that the 

223 severity of radiographic changes highly increased the risk of TKA and shortened the time before 

224 TKA was performed, see Figure 1 and Table 2.  

225 Many risks factors for knee OA are considered systemic, including age, sex and BMI (26), and thus 

226 affect both knees. However, in a study by McMahon and Block examining the rate of contralateral 

227 knee replacement after TKA, no association was found between any systemic risk factor, including 

228 age, sex and BMI, and the subsequent risk of TKA (27). Instead, the baseline K-L grade was 

229 strongly correlated with the future risk of TKA, supporting our main finding, namely that the degree 

230 of radiographic OA changes is an important determinant for the future risk of TKA.

231 We did however also find an association between BMI and the risk of TKA in the non-symptomatic 

232 knee. It has been hypothesized that increased BMI might be more important in the development of 

233 symptomatic knee OA than in disease progression once symptomatic knee OA is present (28). Our 

234 findings seem to corroborate this hypothesis. Thus, a previous analysis of our study population 

235 revealed that an increased BMI was not associated with the risk of TKA in the symptomatic knee 

236 (15). The present analysis of the non-symptomatic knee shows an association between BMI and the 

237 risk of developing symptomatic knee OA resulting in TKA. The study by McMahon and Block (27) 

238 did not report whether the contralateral knee was asymptomatic at baseline and symptoms might 

239 thus already have been present. This would minimize the importance of an increased BMI and help 

240 explain the differing results.  

241 Interestingly, all 35 participants who underwent TKA in the non-symptomatic knee had already 

242 undergone TKA in the symptomatic knee. This concurrence may partly be explained by the effect 

243 of TKA: persons who have a TKA in one knee due to symptomatic knee OA find that this treatment 
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244 is helpful and are more likely to accept a TKA in the contralateral knee if symptoms of knee OA 

245 should occur. 

246 Our study has some limitations. The number of participants was limited compared to other 

247 longitudinal studies (29). Only radiographs were available of the non-symptomatic knee. MR 

248 examinations would undoubtedly have yielded additional information and might have shown other 

249 significant associations as demonstrated previously (15). Our analysis was limited to baseline 

250 radiographic data, and no clinical or radiological follow-up data were available including BMI. 

251 Thus, we did not know whether any of these parameters changed during the follow-up period. 

252 Using TKA as a clinical endpoint can be problematic since the final decision to perform a TKA is 

253 based on many individual factors including local surgical practices and patient preferences. The 

254 radiographs were only assessed by one reader. However, high observer agreement was found in a 

255 previous study (30). Among the strengths of our study is the use of highly reliable register data on 

256 TKA combined with a long follow-up period. 

257

258 Conclusions

259 We found that radiographic OA changes as well as increased BMI were important prognostic 

260 markers for the future risk of TKA in persons without symptomatic knee OA but with symptomatic 

261 OA in the contralateral knee, implying that radiographic OA findings are important prognostic 

262 factors regardless of symptoms.

263

264
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