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A B S T R A C T   

Background: Ankle osteoarthritis(OA) has detrimental effects on physical health and has a relatively early disease 
onset compared to OA in other joints. However, the prevalence of radiographic ankle OA in different subgroups 
of patients referred for ankle radiography remains unknown. Therefore, we aimed to determine the prevalence of 
radiographic talocrural, subtalar and talonavicular OA(Kellgren-Lawrence scale ≥2) in a population referred for 
ankle radiography. Moreover, we aimed to identify differences in prevalence between specific subgroups of 
patients i.e. Body Mass Index (BMI), sex, age and reason for referral. 
Methods: A cross-sectional study was conducted at a radiology department serving primary and secondary care. 
Patients completed a questionnaire before radiography. Features of radiographic ankle OA were assessed for 
subgroups of patients, including; BMI, sex, age and reason for referral (chronic vs (sub)acute complaints). To 
examine the difference in (features of) radiographic OA for subgroups, multinomial and logistic regression were 
used to calculate Odds Ratios (ORs), with adjustment for age, sex and BMI. 
Results: Data from 893 patients that visited the radiology department across 16 months in 2017 or 2018 were 
included for analysis. Prevalence of radiographic ankle OA was 9.2%, 0.4% and 7.0%, for the talocrural, subtalar 
and talonavicular joint, respectively. Obesity was associated with radiographic talonavicular OA (adjusted OR 
2.16, 95%CI:1.09; 5.26). Radiographic talocrural and talonavicular OA were both positively associated with 
male sex [(adjusted OR 4.64, 95%CI:276; 7.81) and (adjusted OR 1.95, 95%CI:1.13; 3.35), respectively]. 
Conclusion: Radiographic ankle OA was more common in men and obese patients that were referred to radiology.   

Introduction 

In research, only little attention is given to ankle osteoarthritis (OA) 
compared with OA in other joints [1]. Although the prevalence esti-
mates of ankle OA are lower than in other joints (1), end-stage ankle OA 
is associated with substantial loss of physical function. Particularly, the 
physical component of the quality-of-life-score (SF-36; PCS) in end-stage 
ankle OA patients is equal to or worse than in cervical spine pain and 
radiculopathy [2]. Patients with posttraumatic ankle, hip and knee OA 
are on average 7-15 years younger than patients with primary OA of 
these joints [2–4]. Considering that 54-79.5% of ankle OA [2–4] is 
estimated to be of posttraumatic origin compared to only 1.6-8.0% in 
hip OA [2,4] and 9.8-12.5% in knee OA [2,4], patients with ankle OA 

likely suffer longer from OA than patients with OA in other joints. Thus, 
the hazardous effects of ankle OA on societal health along with the 
relative early disease onset emphasizes the importance of learning more 
about the epidemiology of ankle OA. 

Most studies on ankle OA have been performed in specific subgroups, 
such as athletes, patients with hereditary hemochromatosis or in tertiary 
care settings (1), and more recently in older community-based pop-
ulations [1,5,6]. However, the prevalence of radiographic ankle OA in a 
clinical population referred for ankle radiography remains unknown. 
Knowing the prevalence of radiographic ankle OA is important in 
especially this population, as patients referred for ankle radiography 
might have, develop or keep ankle complaints that could be explained 
by radiographic abnormalities that might have gone unrecognised 

* Corresponding author at: Department of General Practice, Erasmus MC Medical University Center, P.O. Box 2040, 3000 CA Rotterdam, The Netherlands. 
E-mail address: s.kloprogge@erasmusmc.nl (S.E. Kloprogge).  

Contents lists available at ScienceDirect 

Seminars in Arthritis and Rheumatism 

journal homepage: www.elsevier.com/locate/semarthrit 

https://doi.org/10.1016/j.semarthrit.2022.152138    

mailto:s.kloprogge@erasmusmc.nl
www.sciencedirect.com/science/journal/00490172
https://www.elsevier.com/locate/semarthrit
https://doi.org/10.1016/j.semarthrit.2022.152138
https://doi.org/10.1016/j.semarthrit.2022.152138
https://doi.org/10.1016/j.semarthrit.2022.152138
http://crossmark.crossref.org/dialog/?doi=10.1016/j.semarthrit.2022.152138&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Seminars in Arthritis and Rheumatism 58 (2023) 152138

2

otherwise. 
In general OA is more common in women, older and obese people 

[7]. Though, studies on the association between Body Mass Index (BMI), 
age, sex and ankle OA are inconclusive; some found that ankle OA is 
more common in overweight and in obese, in women than in men, while 
others state the opposite or found no associations between ankle OA and 
age, sex and/or BMI [1,5,8-10]. 

As ankle complaints in patients referred for radiography may be 
explained by the presence of ankle OA, it is important to get more insight 
in the prevalence of radiographic OA. Therefore, the primary aim was to 
examine the prevalence of radiographic ankle OA in a population that is 
referred for ankle radiography for several reasons. Moreover, given the 
ambiguous evidence on associated factors, the secondary aim was to 
assess the prevalence of radiographic ankle OA for subgroups of patients 
i.e. BMI, sex, age and reason for referral. 

Methods 

Study design, setting and subjects 

A cross-sectional study was conducted at the radiology department of 
a teaching hospital that serves regional primary and secondary care 
physicians. We collected data over 16 months (March 2017 to July 
2018) in subjects above 18 years of age, referred for ankle radiography, 
both from primary and secondary care. When patients presented 
themselves at the registration desk of the radiology department, they 
received an information letter about the study and an informed consent 
form. If informed consent was given, participants completed a paper 
questionnaire in the waiting room before their radiographic 
examination. 

Measurements 

Radiography: An experienced musculoskeletal radiologist (NK) 

Table 1 
Participant characteristics, history of trauma and complaints of 893 participants 
referred for ankle radiography.  

Sex Women Men Total Missing 
data  

n =514 
(57.6%) 

n=370 
(41.4%) 

n=893 n=9 
(1.0%) 

Age (years) median (IQR) 48.46 
(23.53) 

45.34 
(25.91) 

46.80 
(25.24) 

2 (0.2%) 

BMI (kg/m2) mean (SD) 27.29 
(5.42) 

26.68 
(4.33) 

27.03 
(4.99) 

21 (2.4%)  

- Normal (<25 kg/m2) 195 
(38.8%) 

145 
(39.4%) 

341 
(38.2%)   

- Overweight (25-30 kg/ 
m2) 

169 
(33.7%) 

49 
(40.5%) 

319 
(35.7%)   

- Obese (>30 kg/m2) 138 
(27.5%) 

74 
(20.1%) 

212 
(23.7%)  

Bilateral radiographs 43 (8.4%) 43 
(11.6%) 

88 
(9.9%) 

- 

Symptom duration    124 
(13.9%)  

- Days 64 
(14.4%) 

48 
(15.0%) 

112 
(12.5%)   

- Weeks 190 
(42.9%) 

126 
(39.3%) 

318 
(35.6%)   

- Months 98 
(22.1%) 

70 
(21.8%) 

169 
(18.9%)   

- Years 91 
(20.5%) 

77 
(24.0%) 

170 
(19.0%)  

History of trauma (yes) 203 
(40.1%) 

166 
(45.4%) 

370 
(41.4%) 

13 (1.5%) 

If yes, how long ago?    50/370 
(13.5%)  

- Days 2 (1.1%) 2 (1.4%) 4 (1.1%)   
- Weeks 11 (6.3%) 2 (1.4%) 13 

(3.5%)   
- Months 34 

(19.4%) 
21 
(14.5%) 

55 
(14.9%)   

- Years 128 
(73.1%) 

120 
(82.8%) 

248 
(67.0%)  

If yes, trauma type?    27/370 
(7.3%)  

- Fracture 48 
(25.5%) 

35 
(22.7%) 

83 
(22.4%)   

- Sprain 108 
(57.4%) 

97 
(63.0%) 

206 
(55.7%)   

- Other 32 
(17.0%) 

22 
(14.3%) 

54 
(14.6%)  

Complaints started 
directly after trauma 
(yes) 

359 
(71.5%) 

258 
(70.9%) 

618 
(69.2%) 

21 (2.4%) 

If yes, how long ago?    147/618 
(23.8%)  

- Days 82 
(29.5%) 

70 
(36.3%) 

152 
(24.6%)   

- Weeks 126 
(45.3%) 

67 
(34.7%) 

194 
(31.4%)   

- Months 45 
(16.2%) 

37 
(19.2%) 

82 
(13.3%)   

- Years 25 (9.0%) 19 (9.8%) 44 
(7.1%)  

Main symptoms *    93 
(10.4%)  

- Pain 414 
(90.2%) 

290 
(86.8%) 

711 
(79.6%)   

- Feeling of instability 137 
(29.8%) 

90 
(26.9%) 

228 
(25.5%)   

- Loss of function 106 
(23.1%) 

65 
(19.5%) 

172 
(19.3%)   

- Stiffness 127 
(38.0%) 

178 
(38.8%) 

307 
(34.4%)  

Pain (NRS-11) median 
(IQR)      

- In rest 4.00 
(4.00) 

3.00 
(4.00) 

4.00 
(4.00) 

35 (3.9%)  

- During activity 8.00 
(2.00) 

7.00 
(2.00) 

7.00 
(2.00) 

61 (6.8%)  

Table 1 (continued ) 

Sex Women Men Total Missing 
data  

n =514 
(57.6%) 

n=370 
(41.4%) 

n=893 n=9 
(1.0%) 

Ankle Osteoarthritis 
Scale mean (SD)      

- pain (0-100) 54.52 
(22.78) 

46.77 
(21.79) 

51.31 
(22.68) 

157 
(17.6%)  

- disability (0-100) 55.27 
(27.86) 

45.37 
(26.11) 

51.12 
(27.56) 

249 
(27.9%) 

Referrer    1 (0.1%)  
- General practitioner 383 

(74.7%) 
271 
(73.2%) 

661 
(74.0%)   

- Orthopaedic surgeon 52 
(10.1%) 

49 
(13.2%) 

101 
(11.3%)   

- Surgeon 68 
(13.3%) 

38 
(10.3%) 

108 
(12.1%)   

- Rheumatologist/Internist 10 (1.9%) 12 (3.3%) 22 
(2.5%)  

Reason for referral    -  
- Chronic complaints 125 

(24.3%) 
103 
(27.8%) 

231 
(25.9%)   

- (Sub)acute complaints 306 
(59.5%) 

220 
(59.5%) 

528 
(59.1%)   

- Follow-up 49 (9.5%) 27 (7.3%) 77 
(8.6%)   

- Other foot complaints 5 (1.0%) 9 (2.4%) 15 
(1.7%)   

- Unclassified 29 (5.6%) 11 (3.0%) 42 
(4.7%)  

* Adds up over 100%; more answers possible. 
BMI, body mass index; NRS, numeric rating scale. 
Other types of complaints were plantar fasciitis (n=7), Achilles tendon problems 
(n=5), osteomyelitis(n=3), Charcot, systemic sclerosis or exostosis. 
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systematically assessed all ankle radiographs (non-weight bearing un-
less specifically requested, mortise and lateral views) and scored them 
using a standardised scoring tool with high interobserver reliability 
[12]. The following features of radiographic ankle OA were examined: 
osteophytes, subchondral cysts, sclerosis and joint space narrowing. The 
presence and severity of osteophytes and sclerosis were scored as absent 
(0), possibly present (1) or evidently present (2). Subchondral cysts were 
scored as absent (0) or present (1). These features were scored for each 
side of each bone, i.e. the medial malleolus, lateral malleolus, tibia 
(tibiotalar), medial border of the talus, lateral border of the talus, talus 
(subtalar), calcaneus (subtalar), talus (talonavicular) and navicular 
(talonavicular). These bone structures were clustered afterwards into 
the talocrural joint, subtalar joint and talonavicular joint. The presence 
and severity of joint space narrowing were scored as absent (0), small 
(1), moderate (2) or severe (3) for the talocrural, subtalar and talona-
vicular joint. 

An adapted version of the Kellgren-Lawrence(KL) scale combines the 
aforementioned features for the talocrural joint, subtalar joint and 
talonavicular joint and evaluates the degree of radiographic ankle OA 
[11–13]; Grade 0 indicates the definite absence of radiographic changes 
of OA, grade 1 to doubtful joint space narrowing and possible osteo-
phytic lipping, grade 2 to definite osteophytes and possible joint space 

narrowing, grade 3 to moderate multiple osteophytes, definite narrow-
ing of joint space, any degree of sclerosis and possible deformity of bone 
ends, and grade 4 to large osteophytes, marked narrowing of joint space, 
severe sclerosis and definite deformity of bone ends. A KL grade 2 or 
higher is considered to be radiographic OA [13]. The KL-scale has 
revealed good intra- and interobserver agreement in patients with ankle 
OA [14]. 

Questionnaire: We collected information about patients’ (history of) 
ankle complaints and demographics including age, sex and self-reported 
height, and self-reported weight to calculate BMI. The questions about 
the history of ankle complaints included the following: duration of 
symptoms (three options: weeks, months or years), whether there was a 
history of ankle trauma (‘did you sustain any trauma of the same ankle in 
the past?’ yes/no), and if yes, how long ago(four options: (days), weeks, 
months or years) and type of trauma (fracture/sprain), and whether the 
complaints started directly after the trauma(yes/no), and if yes, how 
long ago (4 options: (days), weeks, months or years). Moreover, ques-
tions about ankle symptoms included the following: ‘what are currently 
your most experienced complaints?’ (pain, feeling of instability, loss of 
function and/or stiffness), ‘the severity of pain on a scale from 0 (no 
pain) to 10 (severe pain)’ in rest and during activity expressed in the 
numeric rating scale (NRS-11) [15], and ‘the severity of ankle pain and 
disability during the past week’ by the ankle osteoarthritis scale (AOS; 
0-100 higher points represent more pain or disability) [16,17]. 

Referral registry: We collected information about the type of referrer 
(general practitioner, sports medicine physician, orthopedic surgeon, 
surgeon or internist) and the reason for referral. Information about the 
reason for referral was extracted from the referral letters and included 
the following data: confirmation or exclusion of the diagnosis of OA or 
arthritis as a reason for referral (yes/no), follow-up after fracture/sur-
gery (yes/no), fracture as a reason for referral (yes/no), description of 
trauma (yes/no) or explicitly stating complaints without a trauma(yes/ 
no), the duration of complaints (number of weeks or description, i.e. 
‘acute/days/recently/weeks’/‘months/chronic/long-term/persistent/ 
recurrent/in the past/old trauma/years ago’) and other types of 
complaints. 

For the present study purpose, patients’ reasons for referral were 
categorized as (sub)acute complaints, chronic complaints, follow-up, or 
for other types of complaints. This was based on information from the 
referral registry (description of complaints, reason for referral), from the 
questionnaire (duration of symptoms, history of ankle trauma, and if 
yes; how long ago) and information about the presence/absence of 
osteosynthesis material. We defined (sub)acute complaints as ankle 
complaints less than 12 weeks or a trauma within 12 weeks before ex-
amination and chronic ankle complaints as ankle complaints for 12 
weeks or longer without or with an ankle trauma 12 weeks or more 
before examination. A duration of 12 weeks or longer is usual for clas-
sification of chronic musculoskeletal pain [18]. If the exact duration of 
complaints or time since previous trauma was unclear from the referral 
registry information, the questionnaires were used to categorize (sub) 
acute posttraumatic or chronic complaints; symptom duration of ‘days’ 
and ‘weeks’ was categorized as (sub)acute complaints if they were 
posttraumatic, and symptom duration of ‘months’ or ‘years’ was cate-
gorized as chronic complaints if there was no previous trauma ‘days’ or 
‘weeks’ ago. Radiographs requested for follow-up were categorized as 
‘follow-up’ in case of present osteosynthesis material, as this might 
affect complaints. If reasons for referral were complaints from other 
anatomic structures than the ankle joint, i.e. plantar fascia, Achilles 
tendon, osteomyelitis, Charcot, systemic sclerosis or exostosis, this was 
classified as having ‘other type of complaints’. One author (SK) extrac-
ted the information from the referral letters and categorized these into 
referral for follow-up, (sub)acute, chronic and other complaints. A 
subsample of 20 participants was independently checked by another 
author (NK) and all doubtful cases were discussed with NK for 
adjudication. 

Table 2 
Prevalence of features of radiographic osteoarthritis in 893 participants referred 
for ankle radiography.  

Abnormality 
n(%) 

Talocrural 
joint 

Subtalar 
joint 

Talonavicular 
joint 

Total 
N=893 

Osteophyte     
None 609 (68.2%) 884 

(99.0%) 
664 (74.4%) 493 

(55.2%) 
Possibly 184 (20.6%) 6 (0.7%) 139 (15.6%) 241 

(27.0%) 
Evident 100 (11.2%) 3 (0.3%) 87 (9.7%) 159 

(17.8%) 
Subchondral 

cyst     
Absent 877 (98.2%)  893 

(100.0%) 
882 (98.8%)  870 

(97.4%)  

Present 16 (1.8%) 0(0%) 8 (0.9%) 23 
(2.6%) 

Sclerosis     
None 858 (96.1%) 869 

(97.3%) 
538 (60.2%) 524 

(58.7%) 
Possibly 25 (2.8%) 22 (2.5%) 335 (37.5%) 341 

(38.2%) 
Evident 10 (1.1%) 2 (0.2%) 17(1.9%) 28 

(3.1%) 
Joint space 

narrowing     
None 780 (87.3%) 884 

(99.0%) 
783 (87.7%) 713 

(79.8%) 
Possibly 78 (8.7%) 6 (0.7%) 89 (10.0%) 130 

(14.6%) 
Moderate 21 (2.4%) 2 (0.2%) 16 (1.8%) 35 

(3.9%) 
Severe 13 (1.5%) 1 (0.1%) 2 (0.2%) 15 

(1.7%) 
Kellgren score     
Normal 621 (69.5%) 882 

(98.8%) 
670 (75.0%) 510 

(57.1%) 
Grade 1 189 (21.2%) 7 (0.8%) 157 (17.6%) 255 

(28.6%) 
Grade 2 61 (6.8%) 3 (0.3%) 59 (6.6%) 103 

(11.5%) 
Grade 3 15 (1.7%) 0 (0.0%) 3 (0.3%) 18 

(2.0%) 
Grade 4 6 (0.7%) 1 (0.1%) 1 (0.1%) 7 (0.8%) 

Missing data: n=3 (0.3%) for talonavicular joint features, n=1 (0.1%) for joint 
space narrowing in the talocrural joint, n=1 (0.1%) for Kellgren score in the 
talocrural joint. 
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Statistical analysis 

For participants with bilateral radiographs, a random side was 
included for the analyses using the random number generator in Excel. 

We used descriptive statistics to describe patient characteristics, 
history of trauma, ankle complaints and abnormalities on radiography. 
Prevalence for features of radiographic OA and the KL-scale were pro-
vided for the total ankle joint, and for the talocrural, subtalar and 
talonavicular joint separately. For each normally distributed baseline 
characteristic the mean and standard deviation (SD) were presented. For 
non-normally-distributed continuous variables, median and inter- 
quartile range (IQR) were presented. 

Area-Proportional Venn diagrams of radiographic OA in the taloc-
rural, subtalar and talonavicular joint were drawn using the free soft-
ware from eulerAPE [19]. 

For the following subgroups, associations with radiographic features 
of OA were examined: sex, BMI(<25 kg/m2 vs. 25-30kg/m2 vs. >30kg/ 
m2), age(<45 vs. ≥45 years; in accordance with the NICE criteria) [20], 
and reason for referral (chronic vs. (sub)acute). To assess the associa-
tions between subgroups and radiographic features of OA, multinomial 
(osteophytes, KL-scale) and logistic (subchondral cysts, sclerosis, joint 
space narrowing) regression techniques were performed for the taloc-
rural and talonavicular joint and adjusted for sex, BMI and age where 
appropriate. 

As the percentage of missing data was <5%, all analyses were per-
formed as complete (available) case analysis in IBM SPSS Statistics 25 
and a p-value ≤.05 was considered as statistically significant. Results 
were expressed in Odds Ratios (OR) with 95% confidence intervals. 

Ethical approval 

The protocol was approved by the ethical committee of the Albert 
Schweitzer Hospital (trial number 2017.11). The study was in accor-
dance with the principles of the Helsinki Declaration. 

Results 

Participant characteristics 

Approximately 3264 patients visited the radiology department for 
ankle radiography during the study period. Of these, 906 patients filled 
in the consent form in the waiting room before the radiographic ex-
amination. From these, we excluded the participants whose radiograph 
(n=4) or questionnaire (n=9) were missing, finally leading to 893 par-
ticipants. The median (±IQR) age of the participants was 46.8 (±25.2) 
years, 57.6% (514/893) were women and the mean BMI (SD) was 27.0 
(5.0) kg/m2 (Table 1). 

The main reason for referral was (sub)acute complaints (59.1%, 528/ 
893), followed by chronic ankle complaints (25.9%, 231/893). Forty- 
two (4.7%) patients could not be classified by reason for referral. 

Features of radiographic ankle OA 

Prevalence of radiographic ankle OA was 9.2% (82 / 892), 0.4% (4 / 
893) and 7.0% (63 / 890), respectively for the talocrural, subtalar and 
talonavicular joint (Table 2). Separate features of radiographic ankle OA 
were mainly present in the talocrural and talonavicular joint (Table 2). 
In the majority of participants with radiographic OA solely the talocrural 
joint (48.4%, 63/128) was affected, followed by the talonavicular joint 
(35.2%, 45/128), and both the talocrural and talonavicular joint 

Fig. 1. Area-Proportional Venn diagram of radiographic OA in multiple joints.  

S.E. Kloprogge et al.                                                                                                                                                                                                                            



Seminars in Arthritis and Rheumatism 58 (2023) 152138

5

(13.3%, 17/128) (Fig. 1). 
Fig. 1 Area-Proportional Venn diagram of radiographic osteoarthritis 

(N=128) in the talocrural, subtalar and talonavicular joint. n=62 for 
solely talocrural OA; n=45, solely talonavicular OA; n=1 for solely 
subtalar OA; n=17 for talocrural OA in conjunction with talonavicular 
OA; n=2 for talocrural OA in conjunction with subtalar OA; n=0 for 
talonavicular OA in conjunction with subtalar OA, and n=1 for taloc-
rural OA in conjunction with subtalar and talonavicular OA. 

Radiographic ankle OA in subgroups of patients 

Obesity (>30kg/m2) compared to normal weight was associated 
with radiographic ankle OA in the talonavicular joint (OR 2.16, 95%CI: 
1.09; 4.26) (Fig. 2, Table 3). 

Male compared to female sex was associated with radiographic 
talocrural and talonavicular OA [(adjusted OR 4.64, 95%CI: 2.76; 7.81) 
and (adjusted OR 1.95, 95%CI: 1.13; 3.35), respectively] (Fig. 2, 
Table 4). 

Radiographic talocrural and talonavicular OA was found in 16% (37/ 
231) and 12.2% (28/128), respectively of participants referred for 
chronic complaints and in 5.5% (29/528) and 4.6% (24/528), respec-
tively, of participants referred for (sub)acute complaints (Appendix A). 

Older compared to younger age and chronic compared to (sub)acute 
complaints were associated with radiographic talocrural and talona-
vicular OA (Appendix B, Appendix C). Only for age and talonavicular 
sclerosis an adverse association was observed (adjusted OR 0.61, 95%CI: 
0.46; 0.82) (Fig. 2, Appendix B). 

Fig. 2. Bar chart of features of radiographic ankle osteoarthritis (OA) per age-group, sex and body mass index(BMI)-group (raw data).  
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Discussion 

The overall prevalence of radiographic ankle OA was 14.3%. The 
prevalence of radiographic OA was 9.2% for the talocrural joint, 0.4% 
for the subtalar joint and 7.0% for the talonavicular joint. The preva-
lence of radiographic ankle OA was higher in men and obese 
participants. 

Features of radiographic ankle OA 

The prevalence of features of radiographic OA differed among the 
talocrural, subtalar and talonavicular joint in this study. Only few 
studies so far assessed the prevalence of talocrural [1,5,12] and talo-
navicular OA [6,12,21]. However, their study population differed too 
much to appropriately compare them with our findings [1,5,6,12]. The 
prevalence in other studies was community-based and in older pop-
ulations [1,5,6,21], or based on a population with previous sprains [12]. 
Moreover, the outcome measure (symptomatic vs. radiographic OA) 
differed as well between studies [1,21], and some studies did not report 
the prevalence of radiographic OA for the talonavicular joint separately 
[6,22]. 

We did scarcely find any radiographic subtalar OA. Similarly, in a 
previous study using the same scoring tool as our study, not any case of 
radiographic subtalar OA was found in patients 6-12 months after an 
ankle sprain [12]. However, others have suggested that radiological 
assessment of the subtalar joint should include axial calcaneal and 
Broden’s view to increase reliability [23]. Our 0.4% prevalence of 
radiographic subtalar OA might therefore be an underestimation of the 
real burden. 

Up to now, most studies examining radiographic ankle OA mainly 
report the prevalence in the talocrural joint. One study reported that 

both radiographic talocrural and talonavicular OA were found more 
often in injured compared to contralateral ankles [11]. We found the 
majority of radiographic OA in solely the talocrural joint (48.4%) and 
solely the talonavicular joint (35.2%). Furthermore, we found a 
considerable percentage of radiographic OA(13.3%) in both the taloc-
rural and talonavicular joint. It would be informative for future studies 
to examine the talocrural and talonavicular joint separately and in 
conjunction with each other in relation to signs and symptoms of ankle 
OA. 

Radiographic ankle OA in subgroups of patients 

We found that radiographic talonavicular OA was more common in 
obese, but not overweight participants compared to participants with 
normal weight, which is comparable to other studies [5,22,24]. The 
higher prevalence in older and obese participants might help in target-
ing patients at risk for ankle OA for future studies. 

The higher prevalence of radiographic ankle OA in men is consistent 
with one other study [8], but is contrary to another study that reports 
more symptomatic ankle OA in women [1]. As the prevalence of ankle 
and/or foot pain is higher in women, this might explain the contra-
dicting association between sex and symptomatic compared to radio-
graphic ankle OA [25]. Nevertheless, female sex is associated with a 
higher prevalence of hand, foot and knee OA, while hip OA is equally 
prevalent in men and women [7,22], suggesting that OA in the ankle 
should be considered as a different entity from OA in other joints. The 
difference in association between sex and symptomatic vs. radiographic 
ankle could not be explained by the number of traumas and fractures in 
our study. However, future studies could further investigate if the as-
sociation between sex and radiographic ankle OA is modified by the 
severity of previous traumas and potentially other factors such as 

Table 3 
Features of radiographic osteoarthritis in 872 participants referred for ankle radiography; overweight and obese vs normal BMI-groups.  

Abnormality 
n (%) 

Normal (<25kg/m2) 
n=341 

Overweight 
(25-30kg/m2) 
n=319 

Adjusted Odds Ratio* 
(95% CI) 

Obese (>30kg/m2) 
n=212 

Adjusted Odds Ratio* 
(95% CI) 

Osteophyte      
Talocrural joint       
- None 256 (75.1%) 222 (69.6%) Reference 114 (53.8%) Reference  
- Possibly 55 (16.1%) 64 (20.1%) 1.03 (0.68 –1.58) 61 (28.8%) 2.16 (1.38 – 3.38)  
- Evident 30 (8.8%) 33 (10.3%) 0.87 (0.50 –1.52) 37 (17.5%)  2.41 (1.37 – 4.24)  

Talonavicular joint       
- None 276 (81.7%) 39 (11.5%) Reference 140 (66.0%) Reference  
- Possibly 39 (11.5%) 59 (18.5%) 1.49 (0.95 – 2.36) 38 (17.9%) 1.64 (0.98 – 2.72)  
- Evident 23 (6.8%) 28 (8.8%) 1.17 (0.64 – 2.12) 34 (16.0%) 2.60 (1.45 – 4.66) 
Subchondral cyst (yes)      
Talocrural joint 4 (1.2%) 5 (1.6%) 0.95 (0.25 – 3.64) 7 (3.3%) 2.17 (0.62 – 7.61) 
Talonavicular joint 3 (0.9%) 4 (1.3%) 1.30 (0.28 – 6.06) 1 (0.5%) 0.49 (0.05 – 4.92) 
Sclerosis (yes)      
Talocrural joint 12 (3.5%) 13 (4.1%) 0.77 (0.34 – 1.76) 10 (4.7%) 0.98 (0.41 – 2.37) 
Talonavicular joint 137 (40.5%) 111 (34.8%) 0.87 (0.62 – 1.21) 94 (44.3%) 1.45 (1.01 – 2.10) 
Joint space narrowing (yes)      
Talocrural joint 35 (10.3%) 37 (11.6%) 0.82 (0.49 – 1.38) 39 (18.5%) 1.59 (0.95 – 2.66) 
Talonavicular joint 33 (9.8%) 35 (11.0%) 0.93 (0.56 – 1.57) 37 (17.5%) 1.67 (0.99 – 2.82) 
Kellgren score      
Talocrural joint       
- Normal 260 (76.2%) 223 (69.9%) Reference 121 (57.3%) Reference  
- Grade 1 56 (16.4%) 67 (21.0%) 1.10(0.72 – 1.66) 64 (30.3%) 2.12 (1.37 – 3.29)  
- ≥ Grade 2 25 (7.3%) 29 (9.1%) 0.90 (0.50 – 1.64) 26 (12.3%) 1.81 (0.97 – 3.37) 
Talonavicular joint       
- Normal 278 (82.2%) 235 (73.7%) Reference 141 (66.5%) Reference  
- Grade 1 43 (12.7%) 62 (19.4%) 1.43 (0.92 – 2.22) 49 (23.1%) 1.98 (1.23 – 3.18)  
- ≥ Grade 2 17 (5.0%) 22 (6.9%) 1.17 (0.60 – 2.31) 22 (10.4%) 2.16 (1.09 – 4.26) 

* Adjusted for age and sex. Odds ratios and confidence intervals in bold are statistically significant. 
Missing data: n=21 (2.4%) for BMI-groups, n=3 (0.3%) for talonavicular joint features, and n=1 (0.1%) for joint space narrowing and Kellgren score in the talocrural 
joint. Multinomial and logistic regression models included 869 participants for osteophytes, subchondral cysts and sclerosis in the talocrural joint, 868 participants for 
joint space narrowing and Kellgren score in the talocrural joint, and 866 participants for all abnormalities in the talonavicular joint, 
BMI, body mass index; CI, confidence interval. 
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occupation and sports activities. 
The subgroup referred for chronic ankle complaints made up more 

than a quarter of the patient population. Currently, there are only de-
cision rules for ankle imaging in (sub)acute posttraumatic complaints 
[26]. The substantial proportion of patients with chronic ankle com-
plaints underlines the need for more research and understanding this 
group of patients. 

As expected, radiographic ankle OA was more common in partici-
pants aged 45 years and over compared to below 45, which is in line 
with some other studies [5,22]. The difference with some of the other 
studies might be explained by them measuring the association between 
age and OA in an older population than ours [1,24]. 

Strengths and limitations 

The study included a large sample of subjects. Finally, the prevalence 
is separately reported in the talocrural, subtalar and talonavicular joint, 
for different signs of radiographic ankle OA and in different subgroups, 
which enhances comparisons with future studies. 

We categorised participants due to the heterogeneous study popu-
lation with patients referred for various reasons. However, the chronic 
ankle complaints category might still consist of participants with pri-
mary OA as well as complaints since only 3 months after ankle trauma. 

As history of trauma was a component of the categorization into reasons 
for referral, we did not assess the association between history of trauma 
and radiographic ankle OA separately. 

Unfortunately, the questionnaire did not provide information about 
the exact duration of the complaints or time since trauma (in number of 
days, weeks or months) and no detailed information about the severity, 
number or mechanism of previous traumas. Although it was sometimes 
difficult to decipher whether complaints existed for more or less than 

Table 4 
Features of radiographic osteoarthritis in 884 participants referred for ankle 
radiography; men vs women.  

Abnormality 
n(%) 

Women 
n=514 

Men 
n=370 

Adjusted Odds 
Ratio* 
(95% CI) 

Osteophyte    
Talocrural joint     
- None 391 

(76.1%) 
210 
(56.8%) 

Reference  

- Possibly 89 (17.3%) 94 (25.4%) 2.49 (1.74 – 3.56)  
- Evident 34 (6.6%) 66 (17.8%) 4.95 (3.07 – 7.98) 
Talonavicular joint     
- None 401 

(78.3%) 
257 
(69.6%) 

Reference  

- Possibly 71 (13.9%) 66 (17.9%) 1.69 (1.15 – 2.48)  
- Evident 40 (7.8%) 46 (12.5%) 2.06 (1.29 – 3.30) 
Subchondral cyst (yes)    
Talocrural joint 

Talonavicular joint 
7 (1.4%) 
4 (0.8%) 

9 (2.4%) 
4 (1.1%) 

2.34 (0.84 – 6.53) 
1.41 (0.35 – 5.72) 

Sclerosis (yes)    
Talocrural joint 13 (2.5%) 22 (5.9%) 2.96 (1.45 – 6.07) 
Talonavicular joint 173 

(33.7%) 
176 
(47.6%) 

1.78 (1.34 – 2.36) 

Joint space narrowing 
(yes)    

Talocrural joint 45 (8.8%) 67 (18.1%) 2.75 (1.79 – 4.20) 
Talonavicular joint 51 (10.0%) 56 (15.2%) 1.78 (1.17 – 2.70) 
Kellgren score    
Talocrural joint     
- Normal 394 

(76.8%) 
219 
(59.2%) 

Reference  

- Grade 1 90 (17.5%) 98 (26.5%) 2.39 (1.69 – 3.39)  
- ≥ Grade 2 29 (5.7%) 53 (14.3%) 4.64 (2.76 – 7.81) 
Talonavicular joint     
- Normal 406 

(79.3%) 
258 
(69.9%) 

Reference  

- Grade 1 76 (14.8%) 79 (21.4%) 1.91 (1.32 – 2.75)  
- ≥ Grade 2 30 (5.9%) 32 (8.7%) 1.95 (1.13 – 3.35) 

* Adjusted for age and BMI. Odds ratios and confidence intervals in bold are 
statistically significant. 
Missing data: n=9 (1.0%) for sex, n=3 (0.3%) for talonavicular joint features, 
and n=1 (0.1%) for joint space narrowing and Kellgren score in the talocrural 
joint. Multinomial and logistic regression models included 869 participants for 
osteophytes, subchondral cysts and sclerosis in the talocrural joint, 868 partic-
ipants for joint space narrowing and Kellgren score in the talocrural joint, and 
866 participants for all abnormalities in the talonavicular joint, 
CI, confidence interval. 

Appendix A 
Features of radiographic osteoarthritis in 893 participants referred for ankle 
radiography; reasons of referral.  

Abnormality 
n (%) 

(Sub) 
acute 
n=528 

Chronic 
n=231 

Follow- 
up 
n=77 

Other 
n=15 

Unclassified 
n=42 

Osteophyte      
Talocrural joint       
- None 395 

(74.8%) 
120 
(51.9%) 

53 
(68.8%) 

10 
(66.7%) 

31 (73.8%)  

- Possibly 93 
(17.6%) 

68 
(29.4%) 

13 
(16.9%) 

3 
(20.0%) 

7 (16.7%)  

- Evident 40 
(7.6%) 

43 
(18.6%) 

11 
(14.3%) 

2 
(13.3%) 

4 (9.5%) 

Talonavicular 
joint       

- None 425 
(80.6%) 

151 
(65.7%) 

48 
(63.2%) 

9 
(60.0%) 

31 (73.8%)  

- Possibly 65 
(12.3%) 

43 
(18.7%) 

21 
(27.6%) 

4 
(26.7%) 

6 (14.3%)  

- Possibly 37 
(7.0%) 

36 
(15.7%) 

7 (9.2%) 2 
(13.3%) 

5 (11.9%) 

Subchondral 
cyst (yes)      

Talocrural joint 6 (1.1%) 7 (3.0%) 2 (2.6%) 1 (6.7%) 0 (0.0%) 
Talonavicular 

joint 
2 (0.4%) 6 (2.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Sclerosis (yes)      
Talocrural joint 10 

(1.9%) 
18 
(7.8%) 

4 (5.2%) 1 (6.7%) 2 (4.8%) 

Talonavicular 
joint 

200 
(38.0%) 

110 
(47.8%) 

25 
(32.9%) 

5 
(33.3%) 

12 (28.6%) 

Joint space 
narrowing 
(yes)           

Talocrural joint 38 
(7.2%) 

53 
(22.9%) 

13 
(17.1%) 

3 
(20.0%) 

5 (11.9%) 

Talonavicular 
joint 

39 
(7.4%) 

49 
(21.3%) 

11 
(14.5%) 

3 
(20.0%) 

5 (11.9%) 

Kellgren score      
Talocrural joint       
- Normal 400 

(75.8%) 
127 
(55.0%) 

52 
(68.4%) 

10 
(66.7%) 

34 (77.3%)  

- Grade 1 99 
(18.8%) 

67 
(29.0%) 

14 
(18.4%) 

2 
(13.3%) 

7 (15.9%)  

- ≥ Grade 2 29 
(5.5%) 

37 
(16.0%) 

10 
(13.2%) 

3 
(20.0%) 

3 (6.8%) 

Talonavicular 
joint       

- Normal 427 
(81.0%) 

154 
(67.0%) 

49 
(64.5%) 

9 
(60.0%) 

33 (75.0%)  

- Grade 1 76 
(14.4%) 

48 
(20.9%) 

21 
(27.6%) 

4 
(26.7%) 

8 (18.2%)  

- ≥ Grade 2 24 
(4.6%) 

28 
(12.2%) 

6 (7.9%) 2 
(13.3%) 

3 (6.8%) 

* Adjusted for age, BMI and sex. Odds ratios and confidence intervals in bold are 
statistically significant. 
Missing data: n=2 (0.7%) for talonavicular joint features. Multinomial and lo-
gistic regression models included 740 participants for all abnormalities in the 
talocrural joint, and 738 participants for all abnormalities in the talonavicular 
joint, 
CI, confidence interval. 
Missing data: n=3 (0.3%) for talonavicular joint features, and n=1 (0.1%) for 
joint space narrowing and Kellgren score in the talocrural joint. 
Other types of complaints were plantar fasciitis(n=7), Achilles tendon problems 
(n=5), osteomyelitis(n=3), Charcot, systemic sclerosis or exostosis. 
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three months, this was mostly solved by using the extracted data from 
the referral letters. The use of the referral registry in addition to the 
questionnaires also reduces the recall bias. The side of ankle complaints 
and if they were uni- or bilateral was not part of the questionnaire. We 
assumed that participants experienced ankle complaints in the same 
ankle as the ankle for which an X-ray was requested. Though, 88 par-
ticipants had bilateral radiographs, for which we think this assumption 
is not correct. Due to the lack of information about the side of com-
plaints, we included a random side of the X-rays for the analysis. The 
data on height and weight was self-reported. Measured height and 
weight would have added more reliable data on BMI. 

The number of radiographs obtained in weight bearing is not exactly 
known, but probably low, as the standard policy is to obtain ankle ra-
diographs in non-weight bearing. Apart from potentially under-
estimating the degree of joint space narrowing, we do not think this had 
any impact on our findings. The proportion of participants with any 
degree of sclerosis was noticeably high in the talonavicular joint, espe-
cially in younger participants. The radiologist scored the KL-scale of the 
talonavicular joint in these participants as 0, if no other features of 
radiographic OA were present in the talonavicular joint. 

A total of 906 out of 3264 patients that visited the radiology 
department for ankle radiography gave informed consent. There is no 
information available about the reason for non-participation, which 
limits us in assessing potential selection bias. Patients that visited the 
radiology department outside office hours might have been missed more 
often, implying a potential underrepresentation of patients with acute 
posttraumatic complaints. 

We did not adjust for determinants reported in other studies such as 
occupation, smoking status, ethnicity, concomitant foot or knee joint 
OA, knee joint hypermobility and foot structure [1,5,6,8,22,24], as they 
were not available. Due to the cross-sectional study design, no causal 
inferences can be drawn from the reported associations. Some caution is 
warranted when generalizing our results to referred populations in other 
areas, as population structures might differ regionally. Moreover, these 
associations might differ in the general population. Associations with 
subchondral cysts have to be interpreted carefully because of their low 
prevalence. 

Conclusion 

The considerable prevalence of radiographic talocrural and talona-
vicular OA in a population referred for ankle radiography emphasizes 
the importance of more awareness of OA in the ankle and need for 
learning more about associated clinical symptoms and future clinical 

Appendix B 
Features of radiographic osteoarthritis in 891 participants referred for ankle 
radiography; older (≥45 years) vs younger (<45 years) age-groups.  

Abnormality 
n(%) 

Age < 45 
years 
n=401 

Age ≥ 45 
years 
n=490 

Adjusted Odds 
Ratio * 
(95% CI) 

Osteophyte    
Talocrural joint     
- None 327 (81.5%) 281 (57.3%) Reference  
- Possibly 51 (12.7%) 132 (26.9%) 2.87 (1.96 – 4.19)  
- Evident 23 (5.7%) 77 (15.7%) 3.92 (2.34 – 6.58) 
Talonavicular joint     
- None 325 (81.3%) 338 (69.3%) Reference  
- Possibly 45 (11.3%) 93 (19.1%) 1.90 (1.26 – 2.84)  
- Evident 30 (7.5%) 57 (11.7%) 1.52 (0.93 – 2.47) 
Subchondral cyst (yes)    
Talocrural joint 3 (0.7%) 13 (2.7%) 2.91 (0.81 – 10.52) 
Talonavicular joint 3 (0.8%) 5 (1.0%) 1.38 (0.32 – 6.07) 
Sclerosis (yes)    
Talocrural joint 5 (1.2%) 30 (6.1%) 5.05 (1.91 – 13.37) 
Talonavicular joint 180 (45.0%) 171 (35.0%) 0.61 (0.46 – 0.82) 
Joint space narrowing 

(yes)    
Talocrural joint 25 (6.2%) 87 (17.8%) 3.00 (1.85 – 4.86) 
Talonavicular joint 37 (9.3%) 70 (14.3%) 1.45 (0.94 – 2.25) 
Kellgren score    
Talocrural joint     
- Normal 330 (82.3%) 290 (59.3%) Reference  
- Grade 1 54 (13.5%) 134 (27.4%) 2.75 (1.90 – 3.98)  
- ≥ Grade 2 17 (4.2%) 65 (13.3%) 4.12 (2.30 – 7.37) 
Talonavicular joint     
- Normal 328 (82.0%) 341 (69.9%) Reference  
- Grade 1 53 (13.3%) 103 (21.1%) 1.76 (1.20 – 2.58)  
- ≥ Grade 2 19 (4.8%) 44 (9.0%) 1.86 (1.04 – 3.33) 

* Adjusted for sex and BMI. Odds ratios and confidence intervals in bold are 
statistically significant. 
Missing data: n=2 (0.2%) for age-groups, n=3 (0.3%) for talonavicular joint 
features, and n=1 (0.1%) for joint space narrowing and Kellgren score in the 
talocrural joint. Multinomial and logistic regression models included 869 par-
ticipants for osteophytes, subchondral cysts and sclerosis in the talocrural joint, 
868 participants for joint space narrowing and Kellgren score in the talocrural 
joint, and 866 participants for all abnormalities in the talonavicular joint, 
CI, confidence interval. 

Appendix C 
Features of radiographic osteoarthritis in 759 participants referred for ankle 
radiography; chronic vs (sub)acute complaints.  

Abnormality 
n (%) 

Posttraumatic (sub) 
acute 
n=528 

Chronic 
n=231 

Adjusted Odds 
Ratio * 
(95% CI) 

Osteophyte    
Talocrural joint     
- None 395 (74.8%) 120 

(51.9%) 
Reference  

- Possibly 93 (17.6%) 68 
(29.4%) 

1.97 (1.32 – 
2.93)  

- Evident 
Talonavicular joint 

40 (7.6%)  43 
(18.6%)  

2.65 (1.59 – 
4.43)   

- None 425 (80.6%) 151 
(65.7%) 

Reference  

- Possibly 65 (12.3%) 43 
(18.7%) 

1.45 (0.92 – 
2.27)  

- Evident 37 (7.0%) 36 
(15.7%) 

2.08 (1.23 – 
3.53) 

Subchondral cyst 
(yes)    

Talocrural joint 6 (1.1%) 7 (3.0%) 1.74 (0.56 – 
5.44) 

Talonavicular joint 2 (0.4%) 6 (2.6%) 7.34 (1.39 – 
38.71) 

Sclerosis (yes)    
Talocrural joint 10 (1.9%) 18 (7.8%) 3.06 (1.36 – 

6.92) 
Talonavicular joint 200 (38.0%) 110 

(47.8%) 
1.64 (1.17 – 
2.30) 

Joint space 
narrowing (yes)    

Talocrural joint 38 (7.2%) 53 
(22.9%) 

2.85 (1.77 – 
4.58) 

Talonavicular joint 39 (7.4%) 49 
(21.3%) 

2.91 (1.80 – 
4.69) 

Kellgren score    
Talocrural joint     
- Normal 400 (75.8%) 127 

(55.0%) 
Reference  

- Grade 1 99 (18.8%) 67 
(29.0%) 

1.76 (1.19 – 
2.60)  

- ≥ Grade 2 29 (5.5%) 37 
(16.0%) 

2.88 (1.63 – 
5.07) 

Talonavicular joint     
- Normal 427 (81.0%) 154 

(67.0%) 
Reference  

- Grade 1 76 (14.4%) 48 
(20.9%) 

1.37 (0.89 – 
2.10)  

- ≥ Grade 2 24 (4.6%) 28 
(12.2%) 

2.38 (1.29 – 
4.39) 

(Sub)acute posttraumatic complaints=reference. ‘Other type of foot complaints, 
‘follow-up’ and ‘unclassified’ are excluded from this analysis. 
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progression. Male sex, obesity, older age (≥45 years) and referral for 
chronic complaints are associated with the presence of radiographic 
ankle OA . Further research on the clinical value of radiographic ab-
normalities in these groups is warranted. 
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