© 00 N oo o0~ W N P

W W WNNNDNNDNDNDNDRNDNIERIERIEPRIERRPLPRPR P P R P
N P O © ©® N~ o 00 A W N PO © 00 N O 00 W N PP O

w w
F@Y)

Title
The natural history of radiographic first metatarsophalangeal joint

osteoarthritis: a nineteen-year population based cohort study

Authors
Catherine Bowen!?, Lucy Gates'?, Peter McQueen?, Maxine Daniels*, Antonella Delmestri?,

Wendy Drechsler®, David Stephensen®, Michael Doherty’, Nigel Arden*#8

Affiliations;

1School of Health Sciences, University of Southampton, Southampton, UK

2ARUK Centre for Sport, Exercise and Osteoarthritis, University of Southampton, UK

3Oxford Health NHS Trust

4ARUK Centre for Sport, Exercise and Osteoarthritis, University of Oxford, Oxford, UK
5School of Population Health & Environmental Sciences, King’'s College London, UK

¢ School of Allied and Public Health Professions, Canterbury Christ Church University
’School of Medicine, University of Nottingham, UK

8MRC Environmental Epidemiology Unit, University of Southampton, UK

Corresponding author
*Dr Lucy Gates, L.Gates@soton.ac.uk School of Health Sciences, Building 45, Burgess
Road, University of Southampton, SO17 1BJ

Author contact details

Professor Catherine J Bowen, PhD, C.J.Bowen@soton.ac.uk,

Dr Lucy Gates, PhD, L.Gates@soton.ac.uk

Mr Peter Luke McQueen, MPhil, Peter.McQueen@oxfordhealth.nhs.uk

Maxine Daniels, maxjem.brent@googlemail.com

Dr Antonella Delmestri, PhD, antonella.delmestri@ndorms.ox.ac.uk

Professor Wendy Drechsler, PhD, wendy.drechsler@kcl.ac.uk

Dr David Stephensen, PhD, david.stephensen@nhs.net

Professor Michael Doherty, MA MD FRCP, Michael.Doherty@nottingham.ac.uk
Professor Nigel K Arden, MBBS, FRCP, MSc, MD, Nigel. Arden@ndorms.ox.ac.uk,



mailto:L.Gates@soton.ac.uk
mailto:C.J.Bowen@soton.ac.uk
mailto:L.Gates@soton.ac.uk
mailto:Peter.McQueen@oxfordhealth.nhs.uk
mailto:maxjem.brent@googlemail.com
mailto:antonella.delmestri@ndorms.ox.ac.uk
mailto:wendy.drechsler@kcl.ac.uk
mailto:david.stephensen@nhs.net
mailto:Michael.Doherty@nottingham.ac.uk
mailto:Nigel.Arden@ndorms.ox.ac.uk

35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

64
65
66
67
68
69
70
71

Funding Statement

The Chingford Women’s Study was originally supported by a project grant from Arthritis
Research UK and the year 23 foot project was supported by a project grant from the Dr W.M
Scholl podiatric research and development fund. The study sponsors had no involvement in
the study design, collection, analysis and interpretation of data; in the writing of the
manuscript; and in the decision to submit the manuscript for publication.

CB is currently being supported to undertake Fellowship from the National Institute for
Health Research (CDF-2015—08—032). The views and opinions expressed herein are
those of the authors and do not necessarily reflect those of the National Institute for Health
Research, NHS or the Department of Health.



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

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

75  Methods: A longitudinal, cohort design was used in which radiographic OA at the 15*MTPJ was

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

77  Women study. Radiographic features of osteophytes (OPs) and/or joint space narrowing (JSN) at the
78 15t MTPJ were scored according to a validated foot atlas. Natural history was determined by the

79  change in prevalence, incidence, progression and worsening of OA in the 15 MTPJ.

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

81  currently enrolled in the study, mean age: 75.7 years (SD: 5.2; range 69-90). At the level of the 1
82 MTPJ, prevalence of OA at year 6 was 21.76% in the left and 24.35% in the right and at year 23 was
83 23.83% in the left and 32.64% in the right. Over the 19-year period, 13.5% of women developed
84 incident OA in the right 1 MTPJ and 8.3% in the left. Both progression and worsening of OA were
85  more evident for OPs and in the right 15 MTPJs.

86 Conclusion: In this longest study of the natural history of radiographic 1°* MTPJ OA to date, the
87 prevalence and incidence of 1t MTPJ OA increased over a 19-year period. Progression and/or
88  worsening of 15 MTPJ OA over time appears to be driven by OP development rather than JSN

89  suggestive of a biomechanical cause.

90
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92 Foot, Feet, Joints, Osteoarthritis, Natural history
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109 Significance and Innovations

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

111 osteoarthritis. This study is the first to do so over a nineteen-year period, confirming that the
112 prevalence of radiographic osteoarthritis within the first metatarsophalangeal joint (1 MTPJ) in
113 older women increases over time.

114 e Although previously observed in hand osteoarthritis, the discordance in right-left findings for
115 osteophyte development and joint space narrowing observed in the 1°*MTPJ over time has not
116 been described previously.

117 e Findings from this study implicate biomechanical factors as a cause in the development of 1*
118 MTPJ osteoarthritis. Further work is required to investigate potential biomechanical risk factors
119 for the development and progression of 15 MTPJ osteophytes and osteoarthritis.
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Introduction

There is increasing evidence from a growing number of population cohort studies that foot
osteoarthritis (OA) is common, especially in older adults with foot pain (1-4). The UK population
prevalence of symptomatic radiographic foot OA overall has been estimated at 17% and, for the
individual joint level, at 8% for the first metatarsophalangeal joints (1°* MTPJ) in adults aged over 50
years (2). Foot pain has been reported to affect between 7-13% in adults in the US (30-100 years) (5)
and in the UK 10% report disabling foot pain (6). Structural foot OA has also been linked to outcomes
such as foot pain, restricted activity, lower quality of life (2, 7-10) and increased General Practitioner

encounters (11, 12).

Studies reporting on the incidence of OA of the knee and hip are becoming more evident (13-15).
Slow development of radiographic knee OA, stable progression and improvement over long periods
has also been reported (16, 17). In contrast to knee and hip OA, there are very few studies on the
epidemiology of foot and ankle OA or their management. Evidence relating to foot OA is often
reported from cross-sectional study designs and comparatively little is known about potential
changes in foot joints over time (9, 10). A recent study investigating self-reported foot pain over 18
months, reported little symptomatic changes in three different foot OA phenotypes determined at

baseline (18).

The lack of foot specific longitudinal data, notably lack of valid measurement criteria of foot OA
progression over time, has been highlighted as a limitation in the current body of knowledge on
radiographic foot OA which makes investigations evaluating clinical interventions challenging

(2, 9). Thus, further longitudinal investigation of incidence, progression and natural history of foot
OA is warranted in order to target preventive therapies and reduce known modifiable risk factors for
both the incidence and progression of foot OA (9, 10). One US cohort study, reporting on findings
from the Clearwater Osteoarthritis community based cohort has presented foot OA incidence data
(19). Over a period of seven years, 364 (25%) and 404 (27%) participants developed structural left
and right 15 MTPJ OA, respectively (19). Unfortunately, a key limiting factor for the generalisability
of those findings is that the sample was selected according to the presence of hindfoot valgus and

thus the data are not representative of the general population.

The UK Chingford 1000 women study is a 25-year longitudinal population cohort, which provides a
unique opportunity to investigate foot OA over time. The aim of this study was to assess the long-

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

nineteen-year period.

Patients and Methods

Participant selection

The Chingford 1000 Women study was established in 1989 to study the health of women in mid-life.
It is a prospective cohort that originally comprised 1003 women aged 45-64 from a general practice
in Chingford, North-East London, UK. Participants have been followed annually since 1989 and are

described in detail elsewhere (20-23).

All participants retained within the Chingford 1000 Women'’s study that had complete foot
radiographs at year 6 (1995) and also at year 23 (2013-2015) were included in this study. Participants
with foot radiographs that were damaged and/or unreadable from either year or were missing from
year 6 were excluded (n=25). All included participants provided informed written consent. (Research

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

Data Collection

Assessments for year 23 took place during a single appointment at the Silverthorne Medical Centre,
Chingford, UK. On each occasion, the same consultation rooms and facilities were utilised. Foot
radiographs were obtained in 1995 at the ‘InHealth’ NHS Stratford site, UK. Due to a change in
contract, all follow-up radiographs in 2013-2015 were undertaken at Holly House Private Hospital in
Chigwell, UK. A standard operating procedure for foot radiographs had been drawn up a priori and
for both radiography sites consensus meetings with the radiographers were held to ensure
consistency between sites. Data collection for year 6 had been carried out by the previous study
investigators at the Stratford site. All foot radiographs were performed at both time points after the

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

Assessment of participant characteristics
General characteristic data including age, weight and height, were recorded by an experienced

registered nurse (MDan) at both data collection points.

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

lateral views of both feet according to a standardised protocol (24, 25). Foot radiographs were taken
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barefoot and partially weight-bearing and were available in electronic format. The radiographic films
were reviewed by a Consultant Radiologist at the ‘InHealth’ Stratford NHS radiology unit or at the
Holly House Hospital department of radiology for any radiographic ‘red flags’ or clinically significant

abnormality.

Radiographic features of osteophytes (OPs) and/or joint space narrowing (JSN) at each 15 MTPJ were
scored according to the La Trobe Foot Atlas (24). The atlas uses a four-point scale of 0, 1, 2 and 3 to
score OPs (0O=absent; 1=small; 2=moderate; 3=severe) and JSN (0O=none; 1=definite; 2=severe;
3=bone-on-bone at least one point) in both feet in 2 views (dorsoplantar and lateral). Although the
scale description proposed in the La Trobe Foot Atlas publication describes JSN grade 3 as “joint

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

For year 23, the presence of radiographic OA was defined as one radiographic feature graded as ‘2’
or higher (24). This was limited to the dorsoplantar view to match those at year 6 where all foot x-
rays had been taken of both feet together as dorsoplantar views and only available as plain film. The
advice given in the La Trobe Foot Atlas indicates that use of both dorsoplantar and lateral views is
‘gold standard’ and should be applied where possible to ensure an appropriate level of sensitivity to
OA (24). However, further evaluation of the La Trobe Foot Atlas has shown that good sensitivity
(94.6%) can be obtained in the 1*MTPJ when only a dorsoplantar view is available (27). For these

reasons the 1°t MTPJ alone was selected as the focus of investigation in this study.

All radiographs were scored by a single trained reader (PMc). Reliability results for OP and JSN
scoring at five foot joints have been detailed previously (26). Intra-rater agreement was also
established for the presence or absence of OA at the 1°* MTPJ using Cohens Kappa statistic, cross
referenced to the values criteria by Landis and Koch (28). Reliability was moderate (K= 0.51) for the

left 15 MTPJ and substantial (K= 0.61) for the right 1°* MTPJ (26).

Statistical Analysis

Data from the ‘Chingford Women’s Study’ are maintained in an ‘Access’ database (Access 2000,
Microsoft Office). Study data for year 23 were collected and managed using REDCap (Research
Electronic Data Capture) software (29) hosted at the University of Oxford. The data were exported
and all data evaluation and statistical analyses were conducted using Stata version 14.1 (Stata Corp,

College Station, Texas, USA).
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Complete case analysis was performed based on those participants who had radiographic foot data
at both year 6 and 23 time points. Natural history was determined by observing the change in
prevalence of OA in the 1% MTPJ of case matched participants from year 6 to year 23, and by

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

Prevalence was calculated at both the subject level (using either foot) and at the 15 MTPJ level (with
each subject supplying two feet to the analysis) and was defined using the La Trobe Foot Atlas grade
of >2 for either OP or JSN (24). Incidence of 1 MTPJ OA was calculated at the subject level and was
defined by having a La Trobe Foot Atlas grade of 0 or 1 of both OP and JSN at year 6 and a grade 22
for OP or JSN at year 23. Incident unilateral and bilateral 1* MTPJ OA was defined as having a La
Trobe Foot Atlas grade of 0 or 1 of both OP and JSN in both 1%t MTPJs at year 6 and having a grade of

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

Progression was calculated at the 1°* MTPJ level and was defined as having a La Trobe Foot Atlas
grade score of 2 for OP and/or JSN in the 1 MTPJ at year 6 with an increase to a score 3 for the
corresponding OP and/or JSN by year 23 in the left and right 15 MTPJs. At the subject level, we also
determined the number of participants who had unilateral 1t MTPJ OA at the first period of

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

Worsening was calculated at the 15 MTPJ level and was defined as an increase of La Trobe Foot Atlas
grade from any grade (including grades 0, 1 and 2). The group with worsening essentially includes
incident cases, participants with disease progression as well as participants with mild progression

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

Results

Of the original 1003 participants at baseline (year 0), 846 (84.34%) attended year 6 and 332 (33.3%)
attended the year 23 clinical appointments. Reasons for loss to follow-up from baseline included
death (n=223), withdrawal (n=311), moved (n=67), uncontactable (n=61) and did not attend year 23
(n=9) (see Figure 1 recruitment flow chart). There were no significant differences in terms of age,

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

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

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

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

Natural history of radiographic 1 MTPJ OA

In participants (n=193) at year 6 the prevalence of 1t MTPJ OA in either foot was 33.2% (n=64),
being present in 21.8% (n=42) of left feet and 24.4% (n=47) of right feet, and being bilateral in 13.0%
(n=25). At year 23 the prevalence of 1°* MTPJ OA in either foot had increased to 40.9% (n= 79), with
23.8% (n=46) having involvement of the left foot, 32.6% (n=63) the right foot, and 15.5% (n=30)

having bilateral involvement.

Incidence of radiographic 1** MTPJ OA

Of 129 participants with no OA in either 1t MTPJ at year 6, 7.0% (n=9) participants developed
incident 1°* MTPJ radiographic OA in the left foot and 17.1% (n=22) in the right foot over a period of
19 years. At the subject level, 21.7% (n=28) developed 1°t MTPJ OA in either foot, and 2.3% (n=3)
developed bilateral 15t MTPJ OA.

Progression of radiographic 15 MTPJ OA

For participants who had 1%t MTPJ OA defined as a score of 2 at year 6 (n=35 left; n=43 right)
progression to a score of 3 at year 23 in the corresponding feature (OP or JSN) was seen in 28.6%

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

For participants who had bilateral 1°* MTPJ OA, defined by a score of 2 in either JSN or OP in both 1%
MTPJs at year 6 (excluding those with a score of 3 in the alternate feature), progression to a score of

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

For participants who had unilateral 1°* MTPJ OA, defined by a score of 2 for OP or JSN at year 6,
progression to a score of 3 in both 15 MTPJs (bilateral OA) at year 23 was seen in 28.2% (n=11).

Individual OP and JSN progression can be seen in Table 1.
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Worsening of radiographic 1st MTPJ OA

From year 6 to year 23, for those participants who had 15 MTPJ JSN scores of 0, 1 or 2 (i.e. excluding
any participants who had a score of 3) changes were noted towards a corresponding higher score of

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

From year 6 to year 23, for those participants who had 15 MTPJ OP scores of 0, 1 or 2 (i.e. excluding
any participants who had a score of 3) changes were noted towards a corresponding higher score of
1, 2 or 3 (i.e. worsening) in 30.5% (n=58) right 1°*MTPJs and 23.0% (n=43) left 1°*MTPJs at year 23. A

breakdown of worsening score changes is shown in Table 2.

Discussion

The results from this study provide new longitudinal evidence for the natural history of radiographic
1 MTPJ OA in a sample of older women from a UK population-based cohort. Over half of women
(59%) remained free of radiographic 15 MTPJ OA over the period of this study. The prevalence of 1%
MTPJ OA increased and 22% of those free of radiographic OA at baseline (year 6) developed it by
year 23. Both progression (defined as a score of 2 at year 6 and 3 at year 23) and worsening (defined
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

evident in the right 15 MTPJs.

Very few studies have reported on the epidemiology of foot OA making comparison of cohort data
that does exist in this field challenging (30). Figures for radiographic foot OA prevalence estimates
vary considerably depending on the population, the radiographic views taken, which foot joints are
examined, the grading systems applied and whether symptomatic or asymptomatic foot OA is
studied (9, 26). As such, longitudinal investigation of foot OA is rare. A recent cohort study
investigation reported little change in foot pain severity over an 18 month period, but used
radiographic foot OA phenotypes as the baseline stratification criteria and did not perform follow up

foot x-rays (18).

The prevalence of radiographic 1* MTPJ OA in our cross-sectional analysis of year 6 (33.1%) and year
23 (40.9%) data is higher than that of women in the Clearwater Osteoarthritis Study (17.7%) with a
mean age of 62 years (19). This may in part be due to the differences in grading radiographic OA. The
current study utilised the La Trobe foot atlas (24) unlike the Clearwater Osteoarthritis Study which
used Kellgren and Lawrence criteria (19, 31). Other studies using the La Trobe Foot Atlas have

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

The Kellgren and Lawrence system that is a widely used to grade radiographic OA at a range of joints
(31) has been criticised as having inherent difficulties at all joint sites including the small joints of the
foot, due to inconsistent interpretation and application of the grades between studies (9). To
overcome these issues in inconsistent interpretation of radiographic foot OA between studies the La
Trobe foot specific radiographic atlas and grading system was developed (24, 27). As subsequent
investigations have adopted this grading system (2, 26, 32), comparison of prevalence figures for OA

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

Whilst just over half of our participants remained free of radiographic 1t MTPJ OA over the course of
the study, 21.7% developed 1° MTPJ OA in either foot and 2.3% developed bilateral 15 MTPJ OA. As
an indirect comparison in the same cohort, 39.5% of participants developed incident knee
radiographic OA in at least one knee over a 14 year period and the annual cumulative incidence of
radiographic knee OA was similar at 2.3% at the knee level and 2.8% at the subject level (17).This is
supported by the findings of other investigators who reported that 2% of participants in the
Framingham study had incident knee OA over a mean interval of 8.1 years (33). Incidence of hip OA
is slightly higher than that reported in the knee. In the Johnston County Osteoarthritis Project (US)
radiographic OA developed in 7.4% of the hips with no OA at baseline and 3.6% of the hips with mild
or moderate OA progressed over the follow-up period (34). Franklin et al. (2011) found 2.5% to have
radiographic OA of the hips with follow-up at 11 and 28 years after the original diagnosis (35). For
hand OA among women in the Framingham study incidence is also comparable to the knee at 1%

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

Among our participants who scored 2 on the La Trobe Foot Atlas Scale for 1t MTPJ OA at baseline,
progression was found to be greater in the right foot and approximately one-third of women with
unilateral 15 MTPJ OA at baseline developed bilateral 1°* MTPJ OA by the end of the study.
Interestingly, there was a notable difference between worsening of scores for joint space narrowing
and scores for osteophytes in left and right feet, with right sided worsening being driven largely by
osteophytes and left side worsening by joint space narrowing. To our knowledge, these findings
have not been previously reported. Discordance in symmetry of OA has been reported for the hands,
with the suggestion that biomechanical factors acting primarily through osteophyte development
may predispose to the asymmetric development of OA (38). In the same study, joint space
narrowing was found to be more symmetrical and thus consistent with being driven more by

constitutional and genetic factors. It is possible that this is also true for the foot joints. If our
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findings are confirmed, further work should involve exploration of risk factors such as physical and
occupational activity that may contribute to increased forces and damage being transmitted through
the 1*MTPJ. Such analysis could potentially uncover opportunities for earlier intervention and

prevention of the development of 1*MTPJ OA.

Limitations

The main limitation of our study relates to the high attrition rate of participants, which is a caveat in
many longitudinal studies. There is potential for deaths and withdrawal due to disability and illness
to bias towards a healthier cohort who attended the follow up visits. Also the study population was
limited to women, predominately Caucasian and older, and from a single geographic region in the
UK, which limits the generalisability of the findings. Other important caveats are that only one x-ray
view (non-weight-bearing dorsoplantar) was examined, our assessor was not blinded to the time
point of the study at which the image was taken and that clinical data (symptoms) and possible risk
factors for progression (e.g. BMI, footwear, constitutional alignment, age at onset of OA, presence of
nodal hand OA etc.) were not examined. Investigation of such possible risk factors for progression

merit investigation in future studies.

Conclusion

This is the longest study to date to examine the natural history of radiographic 1*MTPJ OA. The
findings demonstrate that the prevalence of radiographic OA within the 1*MTPJ in older women
increases over a 19-year period. Whilst, just over half of participants remained free of radiographic
15t MTPJ OA during that time, incident cases, progression and/or worsening of the 1t MTPJ OA over
time was observed in the remaining participants. The discordance in right-left findings for
osteophyte development and joint space narrowing observed over time has not been described
previously. Findings from this study implicate biomechanical factors in the development of 1°* MTP)J
OA, and investigation of potential biomechanical risk factors for the development and progression of

15t MTPJ OA seems warranted.

Declarations

Acknowledgements:

We would like to thank all the participants of the Chingford 1000 Women Study and Professor Tim

Spector, Dr Deborah Hart, Dr Alan Hakim and Maxine Daniels for their time and dedication. The



415
416
417

418

419

420

421

422

423

424

425

426

427

428

429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

13

radiographic images for Year 6 were taken in 1995 and by staff from the former Chingford Hospital
(latterly known as the Silverthorne Medical Centre). We would also like to thank Dr Kirsten Leyland

for her expert statistical advice.

Authors’ contributions

PM, CB, NA, LG, WD, DS and MDoh conceived and designed the study.

PM & MDan acquired all foot radiographs; PMc read all foot radiographs.

PM and MDan completed all recruitment and clinical assessments.

PM, CB, LG, AD completed all data management, data entry and data analyses
LG completed statistical analysis

PM, CB, LG, WD, DS, NA, MDoh helped to draft the manuscript.

All authors read and approved the final manuscript.

Funding

The Chingford Women’s Study was originally supported by a project grant from Arthritis Research
UK and the year 23 foot project was supported by a project grant from the Dr W.M Scholl Podiatric
Research and Development fund. The study sponsors had no involvement in the study design,
collection, analysis and interpretation of data; in the writing of the manuscript; and in the decision
to submit the manuscript for publication.

CB is currently being supported to undertake Fellowship from the National Institute for Health
Research (CDF-2015—08—032). The views and opinions expressed herein are those of the authors
and do not necessarily reflect those of the National Institute for Health Research, NHS or the

Department of Health.

Ethics approval and consent to participate

Full ethical approval was granted by Waltham Forest and Redbridge local research ethic committee
(reference number: LREC R&WF 96); the study was sponsored by Whipps Cross Hospital Research
and Development Unit. Approval for the year 23 foot study was granted by NRES Committee South
Central — Oxford A which was received in May 2013 (REC number: 84131).



445

446
447
448

449

450
451
452
453
454
455
456
457
458
459

460
461

462

463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483

14

Competing interests

There were no benefits received nor will there be from commercial or business based organisations
either directly or indirectly relating to this article to any persons involved in this research. The

authors declare that they have no competing interests.

List of abbreviations

AFA: Australian Foot Atlas

OA: Osteoarthritis

MTPJ: Metatarsophalangeal joint

CMJ: Cuneometatarsal joint

N15*CNJ: Navicular first cuneiform joint
TNJ: Talonavicular joint

DP: Dorsoplantar

OPs: osteophytes

JSN: Joint space narrowing

References

1. Awale A, Hagedorn TJ, Dufour AB, Menz HB, Casey VA, Hannan MT. Foot Function,
Foot Pain, and Falls in Older Adults: The Framingham Foot Study. Gerontology.
2017;63(4):318-24.

2. Roddy E, Thomas MJ, Marshall M, Rathod T, Myers H, Menz HB, et al. The
population prevalence of symptomatic radiographic foot osteoarthritis in community-dwelling
older adults: cross-sectional findings from the clinical assessment study of the foot. Ann
Rheum Dis. 2015;74(1):156-63.

3. Golightly YM, Hannan MT, Shi XA, Helmick CG, Renner JB, Jordan JM. Association
of foot symptoms with self-reported and performance-based measures of physical function:
The Johnston County osteoarthritis project. Arthritis Care Res (Hoboken). 2011;63(5):654-9.
4, Hill CL, Gill TK, Menz HB, Taylor AW. Prevalence and correlates of foot pain in a
population-based study: the North West Adelaide health study. J Foot Ankle Res.
2008;1(1):2.

5. Dufour AB, Broe KE, Nguyen US, Gagnon DR, Hillstrom HJ, Walker AH, et al. Foot
pain: is current or past shoewear a factor? Arthritis Rheum. 2009;61(10):1352-8.

6. Garrow AP, Silman AJ, Macfarlane GJ. The Cheshire Foot Pain and Disability
Survey: a population survey assessing prevalence and associations. Pain. 2004;110(1-
2):378-84.

7. Abhishek A, Roddy E, Zhang W, Doherty M. Are hallux valgus and big toe pain
associated with impaired quality of life? A cross-sectional study. Osteoarthritis Cartilage.
2010;18(7):923-6.



484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

15

8. Trivedi B, Marshall M, Belcher J, Roddy E. A systematic review of radiographic
definitions of foot osteoarthritis in population-based studies. Osteoarthritis Cartilage.
2010;18(8):1027-35.

9. Roddy E, Menz HB. Foot osteoarthritis: latest evidence and developments. Ther Adv
Musculoskelet Dis. 2018;10(4):91-103.

10. Kalichman L, Hernandez-Molina G. Midfoot and forefoot osteoarthritis. Foot (Edinb).
2014;24(3):128-34.

11. Paterson KL, Harrison C, Britt H, Hinman RS, Bennell KL. Management of foot/ankle
osteoarthritis by Australian general practitioners: an analysis of national patient-encounter
records. Osteoarthritis Cartilage. 2018.

12. Ferguson R, Culliford D, Prieto-Alhambra D, Pinedo-Villanueva R, Delmestri A,
Arden N, et al. Encounters for foot and ankle pain in UK primary care: a population-based
cohort study of CPRD data. Br J Gen Pract. 2019;69(683):e422-€9.

13. Cicuttini FM, Wluka AE, Wang Y, Stuckey SL. Longitudinal study of changes in tibial
and femoral cartilage in knee osteoarthritis. Arthritis Rheum. 2004;50(1):94-7.

14. Bloecker K, Wirth W, Guermazi A, Hitzl W, Hunter DJ, Eckstein F. Longitudinal
change in quantitative meniscus measurements in knee osteoarthritis--data from the
Osteoarthritis Initiative. Eur Radiol. 2015;25(10):2960-8.

15. Amstutz HC, Le Duff MJ. The Natural History of Osteoarthritis: What Happens to the
Other Hip? Clin Orthop Relat Res. 2016;474(8):1802-9.

16. Arden N, Nevitt MC. Osteoarthritis: epidemiology. Best Pract Res Clin Rheumatol.
2006;20(1):3-25.

17. Leyland KM, Hart DJ, Javaid MK, Judge A, Kiran A, Soni A, et al. The natural history
of radiographic knee osteoarthritis: a fourteen-year population-based cohort study. Arthritis
Rheum. 2012;64(7):2243-51.

18. Downes TJ, Chesterton L, Whittle R, Roddy E, Menz HB, Marshall M, et al.
Symptomatic Course of Foot Osteoarthritis Phenotypes: An 18-Month Prospective Analysis
of Community-Dwelling Older Adults. Arthritis Care Res (Hoboken). 2018;70(7):1107-12.
19. Mahiquez MY, Wilder FV, Stephens HM. Positive hindfoot valgus and osteoarthritis
of the first metatarsophalangeal joint. Foot Ankle Int. 2006;27(12):1055-9.

20. Hart D, Spector T, Egger P, Coggon D, Cooper C. Defining osteoarthritis of the hand
for epidemiological studies: the Chingford Study. Ann Rheum Dis. 1994;53(4):220-3.

21. Hart DJ, Doyle DV, Spector TD. Incidence and risk factors for radiographic knee
osteoarthritis in middle-aged women: the Chingford Study. Arthritis Rheum. 1999;42(1):17-
24.

22. Hart DJ, Mootoosamy |, Doyle DV, Spector TD. The relationship between
osteoarthritis and osteoporosis in the general population: the Chingford Study. Ann Rheum
Dis. 1994;53(3):158-62.

23. Hart DJ, Spector TD. The relationship of obesity, fat distribution and osteoarthritis in
women in the general population: the Chingford Study. J Rheumatol. 1993;20(2):331-5.

24, Menz HB, Munteanu SE, Landorf KB, Zammit GV, Cicuttini FM. Radiographic
classification of osteoarthritis in commonly affected joints of the foot. Osteoarthritis Cartilage.
2007;15(11):1333-8.

25. Roddy E, Myers H, Thomas MJ, Marshall M, D'Cruz D, Menz HB, et al. The clinical
assessment study of the foot (CASF): study protocol for a prospective observational study of
foot pain and foot osteoarthritis in the general population. J Foot Ankle Res. 2011;4:22.

26. McQueen P, Gates L, Marshall M, Doherty M, Arden N, Bowen C. The effect of
variation in interpretation of the La Trobe radiographic foot atlas on the prevalence of foot
osteoarthritis in older women: the Chingford general population cohort. J Foot Ankle Res.
2017;10:54.

27. Menz HB, Munteanu SE, Landorf KB, Zammit GV, Cicuttini FM. Radiographic
evaluation of foot osteoarthritis: sensitivity of radiographic variables and relationship to
symptoms. Osteoarthritis Cartilage. 2009;17(3):298-303.

28. Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics. 1977;33(1):159-74.



539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570

571
572

573
574

575

576
577
578

579
580

581
582
583

16

29. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed Inform. 2009;42(2):377-81.
30. Gates LS, Arden NK, Hannan MT, Roddy E, Gill TK, Hill CL, et al. Prevalence of foot
pain across an international consortium of population based cohorts. Arthritis Care Res
(Hoboken). 2018.

31. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum
Dis. 1957;16(4):494-502.

32. Murray C, Marshall M, Rathod T, Bowen CJ, Menz HB, Roddy E. Population
prevalence and distribution of ankle pain and symptomatic radiographic ankle osteoarthritis
in community dwelling older adults: A systematic review and cross-sectional study. PLoS
One. 2018;13(4):e0193662.

33. Felson DT, Zhang Y, Hannan MT, Naimark A, Weissman BN, Aliabadi P, et al. The
incidence and natural history of knee osteoarthritis in the elderly. The Framingham
Osteoarthritis Study. Arthritis Rheum. 1995;38(10):1500-5.

34. Kopec JA, Sayre EC, Schwartz TA, Renner JB, Helmick CG, Badley EM, et al.
Occurrence of radiographic osteoarthritis of the knee and hip among African Americans and
whites: a population-based prospective cohort study. Arthritis Care Res (Hoboken).
2013;65(6):928-35.

35. Franklin J, Ingvarsson T, Englund M, Ingimarsson O, Robertsson O, Lohmander LS.
Natural history of radiographic hip osteoarthritis: A retrospective cohort study with 11-28
years of followup. Arthritis Care Res (Hoboken). 2011;63(5):689-95.

36. Chaisson CE, Zhang Y, McAlindon TE, Hannan MT, Aliabadi P, Naimark A, et al.
Radiographic hand osteoarthritis: incidence, patterns, and influence of pre-existing disease
in a population based sample. J Rheumatol. 1997;24(7):1337-43.

37. Oliveria SA, Felson DT, Reed JI, Cirillo PA, Walker AM. Incidence of symptomatic
hand, hip, and knee osteoarthritis among patients in a health maintenance organization.
Arthritis Rheum. 1995;38(8):1134-41.

38. Neame R, Zhang W, Deighton C, Doherty M, Doherty S, Lanyon P, et al. Distribution
of radiographic osteoarthritis between the right and left hands, hips, and knees. Arthritis
Rheum. 2004;50(5):1487-94.

Figures

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

Tables

Table 1. Progression of first metatarsal phalangeal joint osteoarthritis over a 19 year period at the

joint, foot and subject level

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

narrowing (JSN) scores between year 6 and 23



584
585
586

587
588

17

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

Year 0 (n=1003)

Baseline Year 6 (n=811)

434 responders to participate

[ Enrolment year 23 ]

A 4

93 participants responded
but then dropped out

9 responded yes but then
excluded

¥

56 dropped out due to
being too ill to attend

3 did not attend
appointment

22 dropped out due to
caring responsibilities

6 cancelled the
appointment

15 dropped out due to
mobility problems getting
to the clinical visit

Analysis ]

!

332 participants
completed the clinical
assessments at Year 23

¥

218 participants
completed the study foot
x-rays at Year 23

|

v

193 participants
analysed as complete

case analysis for foot OA
with Year A

569 excluded

61 no response

18 replied with

definite no, did

not want to take
part

73 replied I/d

223 deceased

67 had moved
away

127 responded
but then dropped
out, no reason.

Key: I/d = long distance (the participant moved out of the area and found it too far to travel for subsequent
visits).
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Table 1. Progression of first metatarsophalangeal joint (MTPJ) osteoarthritis over a 19 year period at

the joint, foot and subject level

Grade 2 OA at year 6

Progression at year 23 % (n)

Left JSN (*n=8)

Left OP (*n=32)

Right JSN (*n=11)
Right OP (*n=40)

Left first MTPJ (*n= 35)

Right first MTPJ (*n=43)

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

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

12.5 (1)
31.3 (10)
36.4 (4)

35.0(14)

28.6 (10)
34.9 (15)
22.2 (4)

28.2 (11)

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

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

narrowing (JSN) scores between year 6 and 23

Right Left

Change in score JSN oP JSN op
from year 6 to 23 n (%) n (%) n (%) 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)



