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Abstract 72 

Objective: To assess the long-term prevalence, natural history, progression and incidence of 73 

radiographic first metatarsophalangeal joint (1st MTPJ) osteoarthritis (OA).  74 

Methods: A longitudinal, cohort design was used in which radiographic OA at the 1st MTPJ was 75 

investigated in participants at year 6 (1995) and year 23 (2013-2015) from the Chingford 1000 76 

Women study.  Radiographic features of osteophytes (OPs) and/or joint space narrowing (JSN) at the 77 

1st MTPJ were scored according to a validated foot atlas. Natural history was determined by the 78 

change in prevalence, incidence, progression and worsening of OA in the 1st MTPJ. 79 

Results: Complete case matched foot radiographic data were available for 193 of the women 80 

currently enrolled in the study, mean age: 75.7 years (SD: 5.2; range 69-90). At the level of the 1st 81 

MTPJ, prevalence of OA at year 6 was 21.76% in the left and 24.35% in the right and at year 23 was 82 

23.83% in the left and 32.64% in the right. Over the 19-year period, 13.5% of women developed 83 

incident OA in the right 1st MTPJ and 8.3% in the left.  Both progression and worsening of OA were 84 

more evident for OPs and in the right 1st MTPJs. 85 

Conclusion: In this longest study of the natural history of radiographic 1st MTPJ OA to date, the 86 

prevalence and incidence of 1st MTPJ OA increased over a 19-year period.  Progression and/or 87 

worsening of 1st MTPJ OA over time appears to be driven by OP development rather than JSN 88 

suggestive of a biomechanical cause.  89 

 90 
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Significance and Innovations 109 

 Investigation of osteoarthritis over time is a major evidence gap in the field of foot and ankle 110 

osteoarthritis. This study is the first to do so over a nineteen-year period, confirming that the 111 

prevalence of radiographic osteoarthritis within the first metatarsophalangeal joint (1st MTPJ) in 112 

older women increases over time. 113 

 Although previously observed in hand osteoarthritis, the discordance in right-left findings for 114 

osteophyte development and joint space narrowing observed in the 1st MTPJ over time has not 115 

been described previously. 116 

 Findings from this study implicate biomechanical factors as a cause in the development of 1st 117 

MTPJ osteoarthritis. Further work is required to investigate potential biomechanical risk factors 118 

for the development and progression of 1st MTPJ osteophytes and osteoarthritis. 119 

 120 
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Introduction 153 

There is increasing evidence from a growing number of population cohort studies that foot 154 

osteoarthritis (OA) is common, especially in older adults with foot pain (1-4). The UK population 155 

prevalence of symptomatic radiographic foot OA overall has been estimated at 17% and, for the 156 

individual joint level, at 8% for the first metatarsophalangeal joints (1st MTPJ) in adults aged over 50 157 

years (2). Foot pain has been reported to affect between 7-13% in adults in the US (30-100 years) (5) 158 

and in the UK 10% report disabling foot pain (6). Structural foot OA has also been linked to outcomes 159 

such as foot pain, restricted activity, lower quality of life (2, 7-10) and increased General Practitioner 160 

encounters (11, 12).  161 

 162 

Studies reporting on the incidence of OA of the knee and hip are becoming more evident (13-15). 163 

Slow development of radiographic knee OA, stable progression and improvement over long periods 164 

has also been reported (16, 17). In contrast to knee and hip OA, there are very few studies on the 165 

epidemiology of foot and ankle OA or their management. Evidence relating to foot OA is often 166 

reported from cross-sectional study designs and comparatively little is known about potential 167 

changes in foot joints over time (9, 10).  A recent study investigating self-reported foot pain over 18 168 

months, reported little symptomatic changes in three different foot OA phenotypes determined at 169 

baseline (18). 170 

 171 

The lack of foot specific longitudinal data, notably lack of valid measurement criteria of foot OA 172 

progression over time, has been highlighted as a limitation in the current body of knowledge on 173 

radiographic foot OA which makes investigations evaluating clinical interventions challenging 174 

(2, 9). Thus, further longitudinal investigation of incidence, progression and natural history of foot 175 

OA is warranted in order to target preventive therapies and reduce known modifiable risk factors for 176 

both the incidence and progression of foot OA (9, 10).   One US cohort study, reporting on findings 177 

from the Clearwater Osteoarthritis community based cohort has presented foot OA incidence data 178 

(19).  Over a period of seven years, 364 (25%) and 404 (27%) participants developed structural  left 179 

and right 1st MTPJ OA, respectively (19). Unfortunately, a key limiting factor for the generalisability 180 

of those findings is that the sample was selected according to the presence of hindfoot valgus and 181 

thus the data are not representative of the general population.  182 

 183 

The UK Chingford 1000 women study is a 25-year longitudinal population cohort, which provides a 184 

unique opportunity to investigate foot OA over time. The aim of this study was to assess the long-185 

term natural history of 1st MTPJ OA by observing prevalence, incidence, progression and worsening 186 
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of radiographic foot OA in this well described UK population-based cohort of older women over a 187 

nineteen-year period.  188 

 189 

Patients and Methods 190 

Participant selection 191 

The Chingford 1000 Women study was established in 1989 to study the health of women in mid-life.  192 

It is a prospective cohort that originally comprised 1003 women aged 45-64 from a general practice 193 

in Chingford, North-East London, UK. Participants have been followed annually since 1989 and are 194 

described in detail elsewhere (20-23).   195 

 196 

All participants retained within the Chingford 1000 Women’s study that had complete foot 197 

radiographs at year 6 (1995) and also at year 23 (2013-2015) were included in this study. Participants 198 

with foot radiographs that were damaged and/or unreadable from either year or were missing from 199 

year 6 were excluded (n=25). All included participants provided informed written consent. (Research 200 

Ethics Committee approval reference number: LREC R&WF 96 and REC: 84131). 201 

 202 

Data Collection 203 

Assessments for year 23 took place during a single appointment at the Silverthorne Medical Centre, 204 

Chingford, UK. On each occasion, the same consultation rooms and facilities were utilised. Foot 205 

radiographs were obtained in 1995 at the ‘InHealth’ NHS Stratford site, UK. Due to a change in 206 

contract, all follow-up radiographs in 2013-2015 were undertaken at Holly House Private Hospital in 207 

Chigwell, UK. A standard operating procedure for foot radiographs had been drawn up a priori and 208 

for both radiography sites consensus meetings with the radiographers were held to ensure 209 

consistency between sites. Data collection for year 6 had been carried out by the previous study 210 

investigators at the Stratford site. All foot radiographs were performed at both time points after the 211 

demographic assessments on the same day or as close as possible.   212 

 213 

Assessment of participant characteristics 214 

General characteristic data including age, weight and height, were recorded by an experienced 215 

registered nurse (MDan) at both data collection points. 216 

 217 

Assessment of radiographic foot osteoarthritis 218 

All foot radiographs obtained at year 23 were a single dorsoplantar view of both feet and separate 219 

lateral views of both feet according to a standardised protocol (24, 25). Foot radiographs were taken 220 
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barefoot and partially weight-bearing and were available in electronic format. The radiographic films 221 

were reviewed by a Consultant Radiologist at the ‘InHealth’ Stratford NHS radiology unit or at the 222 

Holly House Hospital department of radiology for any radiographic ‘red flags’ or clinically significant 223 

abnormality.   224 

 225 

Radiographic features of osteophytes (OPs) and/or joint space narrowing (JSN) at each 1st MTPJ were 226 

scored according to the La Trobe Foot Atlas  (24). The atlas uses a four-point scale of 0, 1, 2 and 3 to 227 

score OPs (0=absent; 1=small; 2=moderate; 3=severe) and JSN (0=none; 1=definite; 2=severe; 228 

3=bone-on-bone at least one point) in both feet in 2 views (dorsoplantar and lateral). Although the 229 

scale description proposed in the La Trobe Foot Atlas publication describes JSN grade 3 as “joint 230 

fusion” we have interpreted this more precisely as “bone-on-bone” (26).  231 

 232 

For year 23, the presence of radiographic OA was defined as one radiographic feature graded as ‘2’ 233 

or higher (24). This was limited to the dorsoplantar view to match those at year 6 where all foot x-234 

rays had been taken of both feet together as dorsoplantar views and only available as plain film. The 235 

advice given in the La Trobe Foot Atlas  indicates that use of both dorsoplantar and lateral views is 236 

‘gold standard’ and should be applied where possible to ensure an appropriate level of sensitivity to 237 

OA (24). However, further evaluation of the La Trobe Foot Atlas  has shown that good sensitivity 238 

(94.6%) can be obtained in the 1st MTPJ when only a dorsoplantar view is available (27). For these 239 

reasons the 1st MTPJ alone was selected as the focus of investigation in this study.  240 

 241 

All radiographs were scored by a single trained reader (PMc). Reliability results for OP and JSN 242 

scoring at five foot joints have been detailed previously (26). Intra-rater agreement was also 243 

established for the presence or absence of OA at the 1st MTPJ using Cohens Kappa statistic, cross 244 

referenced to the values criteria by Landis and Koch (28). Reliability was moderate (K= 0.51) for the 245 

left 1st MTPJ and substantial (K= 0.61) for the right 1st MTPJ (26). 246 

 247 

Statistical Analysis 248 

Data from the ‘Chingford Women’s Study’ are maintained in an ‘Access’ database (Access 2000, 249 

Microsoft Office).  Study data for year 23 were collected and managed using REDCap (Research 250 

Electronic Data Capture) software (29) hosted at the University of Oxford. The data were exported 251 

and all data evaluation and statistical analyses were conducted using Stata version 14.1 (Stata Corp, 252 

College Station, Texas, USA). 253 

 254 
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Complete case analysis was performed based on those participants who had radiographic foot data 255 

at both year 6 and 23 time points. Natural history was determined by observing the change in 256 

prevalence of OA in the 1st MTPJ of case matched participants from year 6 to year 23, and by 257 

defining incidence, progression and worsening of OA in the 1st MTPJ during the study time period.  258 

 259 

Prevalence was calculated at both the subject level (using either foot) and at the 1st MTPJ level (with 260 

each subject supplying two feet to the analysis) and was defined using the La Trobe Foot Atlas grade 261 

of ≥2 for either OP or JSN  (24).  Incidence of 1st MTPJ OA was calculated at the subject level and was 262 

defined by having a La Trobe Foot Atlas grade of 0 or 1 of both OP and JSN at year 6 and a grade ≥2 263 

for OP or JSN at year 23.  Incident unilateral and bilateral 1st MTPJ OA was defined as having a La 264 

Trobe Foot Atlas grade of 0 or 1 of both OP and JSN in both 1st MTPJs at year 6 and having a grade of 265 

≥2 for OP or JSN in one or both first MTPJs at year 23, respectively.   266 

 267 

Progression was calculated at the 1st MTPJ level and was defined as having a La Trobe Foot Atlas  268 

grade score of 2 for OP and/or JSN in the 1st MTPJ at year 6 with an increase to a score 3 for the 269 

corresponding OP and/or JSN by year 23 in the left and right 1st MTPJs. At the subject level, we also 270 

determined the number of participants who had unilateral 1st MTPJ OA at the first period of 271 

observation (grade >2 for OP or JSN) but bilateral disease at the second period of observation.  272 

 273 

Worsening was calculated at the 1st MTPJ level and was defined as an increase of La Trobe Foot Atlas 274 

grade from any grade (including grades 0, 1 and 2). The group with worsening essentially includes 275 

incident cases, participants with disease progression as well as participants with mild progression 276 

who moved from a La Trobe Foot Atlas grade of 0 to 1.   277 

 278 

Results 279 

Of the original 1003 participants at baseline (year 0), 846 (84.34%) attended year 6 and 332 (33.3%) 280 

attended the year 23 clinical appointments. Reasons for loss to follow-up from baseline included 281 

death (n=223), withdrawal (n=311), moved (n=67), uncontactable (n=61) and did not attend year 23 282 

(n=9) (see Figure 1 recruitment flow chart). There were no significant differences in terms of age, 283 

height, weight or BMI between responders and non-responders from the previous visit.  284 

 285 

At year 23, 218 attended for foot radiographs. Of these 193 had foot radiographs taken at year 6. 286 

Data from 193 participants who had complete radiographic foot data at both year 6 and year 23 287 
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were therefore included in the analyses. The mean age of included participants at year 23 was 75.7 288 

years (SD: 5.2), range 68-90 years and mean BMI was 27.9 (SD: 4.5). 289 

 290 

Natural history of radiographic 1st MTPJ OA 291 

In participants (n=193) at year 6 the prevalence of 1st MTPJ OA in either foot was 33.2% (n=64), 292 

being present in 21.8% (n=42) of left feet and 24.4% (n=47) of right feet, and being bilateral in 13.0% 293 

(n=25). At year 23 the prevalence of 1st MTPJ OA in either foot had increased to 40.9% (n= 79), with 294 

23.8% (n=46) having involvement of the left foot, 32.6% (n=63) the right foot, and 15.5% (n=30) 295 

having bilateral involvement.  296 

 297 

Incidence of radiographic 1st MTPJ OA  298 

Of 129 participants with no OA in either 1st MTPJ at year 6, 7.0% (n=9) participants developed 299 

incident 1st MTPJ radiographic OA in the left foot and 17.1% (n=22) in the right foot over a period of 300 

19 years. At the subject level, 21.7% (n=28) developed 1st MTPJ OA in either foot, and 2.3% (n=3) 301 

developed bilateral 1st MTPJ OA.   302 

 303 

Progression of radiographic 1st MTPJ OA   304 

For participants who had 1st MTPJ OA defined as a score of 2 at year 6 (n=35 left; n=43 right) 305 

progression to a score of 3 at year 23 in the corresponding feature (OP or JSN) was seen in 28.6% 306 

(n=10) left 1st MTPJs and 34.9% (n=15) right 1st MTPJs at year 23. 307 

For  participants who had bilateral 1st MTPJ OA, defined by a score of 2 in either JSN or OP in both 1st 308 

MTPJs at year 6 (excluding those with a score of 3 in the alternate feature), progression to a score of 309 

3 in both 1st MTPJs at year 23 was seen in 22.2% (n=4) at year 23.   310 

For participants who had unilateral 1st MTPJ OA, defined by a score of 2 for OP or JSN at year 6, 311 

progression to a score of 3 in both 1st MTPJs (bilateral OA) at year 23 was seen in 28.2% (n=11). 312 

Individual OP and JSN progression can be seen in Table 1. 313 

 314 

 315 

 316 

 317 
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Worsening of radiographic 1st MTPJ OA 318 

From year 6 to year 23, for those participants who had 1st MTPJ JSN scores of 0, 1 or 2 (i.e. excluding 319 

any participants who had a score of 3) changes were noted towards a corresponding higher score of 320 

1, 2 or 3 (i.e. worsening) in 28.6% (n=54) right 1st MTPJs and 33.9% (n=63) left 1st MTPJs at year 23. 321 

From year 6 to year 23, for those participants who had 1st MTPJ OP scores of 0, 1 or 2 (i.e. excluding 322 

any participants who had a score of 3) changes were noted towards a corresponding higher score of 323 

1, 2 or 3 (i.e. worsening) in 30.5% (n=58) right 1st MTPJs and 23.0% (n=43) left 1st MTPJs at year 23. A 324 

breakdown of worsening score changes is shown in Table 2. 325 

 326 

Discussion 327 

The results from this study provide new longitudinal evidence for the natural history of radiographic 328 

1st MTPJ OA in a sample of older women from a UK population-based cohort. Over half of women 329 

(59%) remained free of radiographic 1st MTPJ OA over the period of this study. The prevalence of 1st 330 

MTPJ OA increased and 22% of those free of radiographic OA at baseline (year 6) developed it by 331 

year 23. Both progression (defined as a score of 2 at year 6 and 3 at year 23) and worsening (defined 332 

as a score of 0, 1 or 2 at year 6, increasing to higher score 1, 2 or 3 at year 23) of OA were more 333 

evident in the right 1st MTPJs.  334 

 335 

Very few studies have reported on the epidemiology of foot OA making comparison of cohort data 336 

that does exist in this field challenging (30). Figures for radiographic foot OA prevalence estimates 337 

vary considerably depending on the population, the radiographic views taken, which foot joints are 338 

examined, the grading systems applied and whether symptomatic or asymptomatic  foot OA is 339 

studied (9, 26).  As such, longitudinal investigation of foot OA is rare. A recent cohort study 340 

investigation reported little change in foot pain severity over an 18 month period, but used 341 

radiographic foot OA phenotypes as the baseline stratification criteria and did not perform follow up 342 

foot x-rays (18).    343 

The prevalence of radiographic 1st MTPJ OA in our cross-sectional analysis of year 6 (33.1%) and year 344 

23 (40.9%) data is higher than that of women in the Clearwater Osteoarthritis Study (17.7%) with a 345 

mean age of 62 years (19). This may in part be due to the differences in grading radiographic OA. The 346 

current study utilised the La Trobe foot atlas (24)  unlike the Clearwater Osteoarthritis Study which 347 

used Kellgren and Lawrence criteria (19, 31). Other studies using the La Trobe Foot Atlas have 348 

determined the cross sectional prevalence of 1st MTPJ OA based on the presence of corresponding 349 
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symptoms, and therefore report lower prevalence (7.8%) than that of radiographic change (2). 350 

The Kellgren and Lawrence system that is a widely used  to grade radiographic OA at a range of joints 351 

(31) has been criticised as having inherent difficulties at all joint sites including the small joints of the 352 

foot, due to inconsistent interpretation and application of the grades between studies (9).  To 353 

overcome these issues in inconsistent interpretation of radiographic foot OA between studies the La 354 

Trobe foot specific radiographic atlas and grading system was developed (24, 27). As subsequent 355 

investigations have adopted this grading system (2, 26, 32), comparison of prevalence figures for OA 356 

with older investigations, such as the Clearwater study (19), become difficult. 357 

Whilst just over half of our participants remained free of radiographic 1st MTPJ OA over the course of 358 

the study, 21.7% developed 1st MTPJ OA in either foot and 2.3% developed bilateral 1st MTPJ OA. As 359 

an indirect comparison in the same cohort, 39.5% of participants developed incident knee 360 

radiographic OA in at least one knee over a 14 year period and the annual cumulative incidence of 361 

radiographic knee OA was similar at 2.3% at the knee level and 2.8% at the subject level (17).This is 362 

supported by the findings of other investigators who reported that 2% of participants in the 363 

Framingham study had incident knee OA over a mean interval of 8.1 years (33). Incidence of hip OA 364 

is slightly higher than that reported in the knee. In the Johnston County Osteoarthritis Project (US) 365 

radiographic OA developed in 7.4% of the hips with no OA at baseline and 3.6% of the hips with mild 366 

or moderate OA progressed over the follow-up period (34).  Franklin et al. (2011) found 2.5% to have 367 

radiographic OA of the hips with follow-up at 11 and 28 years after the original diagnosis (35). For 368 

hand OA among women in the Framingham study incidence is also comparable to the knee at 1% 369 

which increased with age and ‘levelled off’ at the age of 80 (36, 37).  370 

 371 

Among our participants who scored 2 on the La Trobe Foot Atlas Scale for 1st MTPJ OA at baseline, 372 

progression was found to be greater in the right foot and approximately one-third of women with 373 

unilateral 1st MTPJ OA at baseline developed bilateral 1st MTPJ OA by the end of the study. 374 

Interestingly, there was a notable difference between worsening of scores for joint space narrowing 375 

and scores for osteophytes in left and right feet, with right sided worsening being driven largely by 376 

osteophytes and left side worsening by joint space narrowing.  To our knowledge, these findings 377 

have not been previously reported. Discordance in symmetry of OA has been reported for the hands, 378 

with the suggestion that biomechanical factors acting primarily through osteophyte development 379 

may predispose to the asymmetric development of OA (38). In the same study, joint space 380 

narrowing was found to be more symmetrical and thus consistent with being driven more by 381 

constitutional and genetic factors. It is possible that this is also true for the foot joints.   If our 382 
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findings are confirmed, further work should involve exploration of risk factors such as physical and 383 

occupational activity that may contribute to increased forces and damage being transmitted through 384 

the 1st MTPJ. Such analysis could potentially uncover opportunities for earlier intervention and 385 

prevention of the development of 1st MTPJ OA. 386 

 387 

Limitations 388 

The main limitation of our study relates to the high attrition rate of participants, which is a caveat in 389 

many longitudinal studies. There is potential for deaths and withdrawal due to disability and illness 390 

to bias towards a healthier cohort who attended the follow up visits. Also the study population was 391 

limited to women, predominately Caucasian and older, and from a single geographic region in the 392 

UK, which limits the generalisability of the findings. Other important caveats are that only one x-ray 393 

view (non-weight-bearing dorsoplantar) was examined, our assessor was not blinded to the time 394 

point of the study at which the image was taken and that clinical data (symptoms) and possible risk 395 

factors for progression (e.g. BMI, footwear, constitutional alignment, age at onset of OA, presence of 396 

nodal hand OA etc.) were not examined.  Investigation of such possible risk factors for progression 397 

merit investigation in future studies.  398 

 399 

Conclusion 400 

This is the longest study to date to examine the natural history of radiographic 1st MTPJ OA. The 401 

findings demonstrate that the prevalence of radiographic OA within the 1st MTPJ in older women 402 

increases over a 19-year period. Whilst, just over half of participants remained free of radiographic 403 

1st MTPJ OA during that time, incident cases, progression and/or worsening of the 1st MTPJ OA over 404 

time was observed in the remaining participants. The discordance in right-left findings for 405 

osteophyte development and joint space narrowing observed over time has not been described 406 

previously. Findings from this study implicate biomechanical factors in the development of 1st MTPJ 407 

OA, and investigation of potential biomechanical risk factors for the development and progression of 408 

1st MTPJ OA seems warranted. 409 

 410 
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Figure 1. Participant recruitment flow diagram for the year 23 Chingford 1000 women’s study. 
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 586 

Key: l/d = long distance (the participant moved out of the area and found it too far to travel for subsequent 587 

visits). 588 

9 responded yes but then 
excluded 

434 responders to participate 

Year 0 (n=1003) 

61 no response 
 
 

93 participants responded 
but then dropped out 

56 dropped out due to 
being too ill to attend 

15 dropped out due to 
mobility problems getting 

to the clinical visit 

332 participants 
completed the clinical 

assessments at Year 23 

218 participants 
completed the study foot 

x-rays at Year 23 

Enrolment year 23 

Analysis 

569 excluded 

22 dropped out due to 
caring responsibilities 

18 replied with 
definite no, did 
not want to take 

part 

73 replied l/d 
 
 223 deceased 
 

67 had moved 
away 

 
127 responded 

but then dropped 
out, no reason. 

193 participants 
analysed as complete 

case analysis for foot OA 
with Year 6 

3 did not attend 
appointment 

6 cancelled the 
appointment 

Baseline Year 6 (n=811) 
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Table 1. Progression of first metatarsophalangeal joint (MTPJ) osteoarthritis over a 19 year period at 589 

the joint, foot and subject level 590 

 591 

Grade 2 OA at year 6 Progression at year 23 % (n) 

Left JSN (*n=8) 12.5 (1) 

Left OP (*n=32) 31.3 (10) 

Right JSN (*n=11) 36.4 (4) 

Right OP (*n=40) 35.0 (14) 

Left first MTPJ (*n= 35) 28.6 (10) 

Right first MTPJ (*n=43) 34.9 (15) 

Bilateral to bilateral first MTPJ progression (*n=18) 22.2 (4) 

Unilateral to bilateral first MTPJ progression (*n=39) 28.2 (11) 

  

Key: * = number of participants with grade 2 at year 6; JSN=joint space narrowing; OP=osteophyte 592 

 593 

 594 

Table 2. Worsening change in first metatarsal phalangeal joint osteophyte (OP) and joint space 595 

narrowing (JSN) scores between year 6 and 23  596 

 597 

 

Change in score 

from year 6 to 23 

Right Left 

JSN 

n (%) 

OP 

n (%) 

JSN 

n (%) 

OP 

n (%) 

0-1 38 (70.4) 17 (29.3) 29 (46.0) 15 (34.9) 

0-2 1  (1.9) 4   (6.9) 10 (15.9) 3   (7.0) 

0-3 0  (0.0) 1   (1.7) 2  (3.2) 1   (2.3) 

1-2 8  (14.8) 18 (31.0) 13 (20.6) 13 (30.2) 

1-3 3  (5.6) 4   (6.9) 8  (12.7) 1   (2.3) 

2-3 4  (7.4) 14 (24.1) 1  (1.6) 10 (23.3) 

Total cases 54 (100.0) 58 (100.0) 63 (100.0) 43 (100.0) 

 598 

 599 

 600 

 601 


