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Foot/ankle symptoms and knee OA

ABSTRACT

Objective To assess whether foot and/or ankle symptoms aoeiased with an increased risk of
worsening of knee pain and radiographic changeapfe with knee osteoarthritis (OA).
Methods The presence and laterality of foot/ankle symptorase recorded at baseline in 1368
participants from the Osteoarthritis Initiative wgymptomatic radiographic knee OA. Knee
pain severity (measured using the Western OntawdoMcMaster Universities Osteoarthritis
Index pain subscale) and minimum medial tibioferhmiat space (minJSW) width measured on
x-ray were assessed yearly over the subsequenyéaws. Associations between foot/ankle
symptoms and worsening of (i) knee pain, and @ihlknee pain and minJSW (i.e. symptomatic
radiographic knee OA) were assessed using logsgiession.

ResultsFoot/ankle symptoms in either foot/ankle signifitg increased the odds of knee pain
worsening (adjusted OR 1.54, 95% CI 1.25 to 1.Paderality analysis showed ipsilateral
(adjusted OR 1.50, 95% CI 1.07 to 2.10), contraddi@djusted OR 1.44, 95% CI 1.02 to 2.06)
and bilateral foot/ankle symptoms (adjusted OR 196% CI 1.22 to 2.13) were all associated
with knee pain worsening in the follow up periodhefe was no association between foot/ankle
symptoms and worsening of symptomatic radiograkhée OA.

ConclusionThe presence of foot/ankle symptoms in people sythptomatic radiographic knee
OA was associated with increased risk of knee pairsening, but not worsening of
symptomatic radiographic knee OA, over the subsetfoer years. Future studies should
investigate whether treatment of foot/ankle symoeduces the risk of knee pain worsening in

people with knee OA.
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Foot/ankle symptoms and knee OA

Knee osteoarthritis (OA) is a major public healtblgem that causes substantial pain, physical
dysfunction and impaired quality-of-life. Therenis cure for knee OA and the disease often
progresses to advanced stages. Although therdiscardance between knee pain and joint
deterioration, both are drivers of costly joint replacement suygy Therefore, it is important to
identify risk factors that are associated withw@sening of knee symptoms, with and without

concurrent structural deterioration, in an attetogirevent disease progression.

Researchers have identified a number of risk fadtmrthe worsening of knee OA symptoms
and structure, such as age, ethnicity and malakgint, however modifiable risk factors are
required to prevent progression to advanced dissad®r surgery. To date, the strongest known
modifiable risk factors for worsening of knee pairpeople with knee OA are a higher body
mass index (BMI) and infrapatellar fat pad or inrdylar synoviti§ whilst a recent meta-
analysis identified greater knee pain at baselstha only modifiable risk factor associated with
structural progressidnAlthough these risk factors are potentially miatife, weight loss
interventions have poor compliance and limited kemgn successand the remaining risk

factors are likely to be symptoms or sequelae ofadd thus it is unclear whether targeted

treatment would slow disease progression.

A potential risk factor for worsening knee OA tlhais not been investigated is foot/ankle
symptoms. Concurrent symptoms at the foot, ankiekaiee occur more often than any other
multi-joint pain presentation, and their co-occage substantially increases the risk of problems
with walking, standing and rising from sitting coampd to single- and other multi-joint

symptom&. In people with knee OA, cross-sectional studesehshown that the presence of
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foot/ankle symptoms is also associated with worselksymptoms, health-related quality-of-life,
depressive symptoms and functional abilitiédore recently, our longitudinal study showed that
foot/ankle symptoms are an independent risk fdotodeveloping knee OA in people free of the
disease but at rigk Potential mechanisms linking foot/ankle symptand incident knee OA,
such as foot pronation, inappropriate footwear itespread pafh may also increase the risk for
worsening in those with OA. However, as incidersedise is a different phenomenon to
worsening OA and risk factors may not be consistéerss both, it is necessary to separately
establish the association of foot/ankle symptonth worsening OA. This is important as worse
knee pain and greater radiographic severity ardigi@s of progression to arthroplasty
Knowledge of risk factors in those with knee OA gamavide insight into why the disease
progresses in some individuals but not others @yl identify potential new treatment targets
for future clinical trials’. Therefore, the aim of this study was to inveségahether the

presence of foot/ankle symptoms at baseline isceétea with an increased risk of worsening of
(i) knee pain, and (ii) both knee pain and radipgra change, in people with symptomatic

radiographic knee OA.

METHODS
Study population
Data were obtained from the Osteoarthritis Int@tfOAl), an online and publically available

database_(http://www.oai.ecsf.edu/). The OAI is@spective multi-centre cohort study of 4796

participants aged between 45-79 years who havérexisnee OA, or who are considered at-risk
of the disease. The participants were recruitech fimur sites throughout the United States

including Baltimore, Maryland; Columbus, Ohio; Biiirgh, Pennsylvania; and Pawtucket,
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Rhode Island. The institutional review board athesite approved all protocols and procedures
and all participants provided informed consenttiermrdetails regarding the wider OAI study
protocols can be found onlitte Our study included OAI participants with estalwid

symptomatic radiographic knee OA (n=1368), defiasdboth knee symptoms (pain, aching or
stiffness in and around the knee on most dayseofrtbnth for at least one month in the previous
yeard) and radiographic evidence of knee OA (Kellgred hawrence [KL] grade >2) in at least

one knee. If knee OA was present in both kneeslibémwere included in the analyses.

Demographic characteristics and covariates

Demographic characteristics collected included ager,and race (White, Black/African
American or Asian/other non-white). Covariates uled BMI, baselin&/estern Ontario and
McMaster Universities Osteoarthritis IndB®OMAC) pain, depression measured using the Centre
for Epidemiological Studies Depression Scale (CES:vorst baseline KL grade, baseline
minimum medial tibiofemoral joint space width (m8\W), baseline tibial rim distance (defined
as the distance between the anterior or posterogim of the tibia, and the tibial margin of the
joint space), and comorbidities assessed usingubstionnaire version of the Charlson
comorbidity index (CCH. The CCI derives a weighted score based on tteepee or absence
of 14 different comorbidities such as stroke, diabgasthma, and kidney failure, amongst
others, and we dichotomised the cohort into thasie ' wo comorbidities’ (CCI=0) and those
with ‘one or more comorbidities’ (CCI>1) based o total CCl score. Data on individual
comorbidities is provided in supplementary Tabl&dr. descriptive purposes, we also classified

participants as obese (>30 kdgJnoverweight ¥25 and<30 kg/nf) or healthy weight (<25
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kg/n?), Scores on the CES-D were summed and a scerd®fvas used to indicate significant

depressive symptortis

Foot/ankle symptoms

Self-reported foot/ankle symptoms were recordec&mh of the left and right feet at baseline.
Foot/ankle symptoms were defined as pain, achirggifbness in the foot and/or ankle on more
than half of the days during the past 30 days, istergt with previously published definitichS’
We classified participants as having or not havoa/ankle symptoms, as well as classifying

foot/ankle symptoms as ipsilateral, contralaterdditateral relative to the affected knee.

Outcomes

We investigated worsening of (i) knee pain and;h@th knee pain and radiographic knee OA.
Knee pain severity was determined using the WOMA(D gubscale at baseline and the 12, 24,
36 and 48 month follow-up visis The WOMAC pain subscale is comprised of five iseand
responses are recorded on a 5-point Likert scal®eS were summed (range of 0-20) and
converted to a 0-100 normalised scale, with higiceres indicating worse pain. We defined
knee pain worsening as an increase of at leasin®span the 0-100 WOMAC pain scale from
baseline at any of the subsequent follow up vibigsed on previously published smallest
detectable difference valués'® and consistent with recent definitions used et
investigating risk factors for symptomatic progiessn knee OA°. People with a baseline
WOMAC pain score >91 (and thus unable to worseworaieg to this definition) were excluded

from these analyses.
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To assess worsening of radiographic knee OA, wiegtring fixed-flexion posteroanterior
radiographs of each knee were taken at baselinatahe 12, 24, 36 and 48 month visits.
Radiographs were read centrally and automated aodtwas used to identify the tibial and
femoral margins of the knee joint from digitisecpims of the radiograpffs To determine the
minJSW, the software measured the smallest distagtveeen the tibia and the femur in the
medial knee joint compartment in millimeters. Wanisg of radiographic knee OA was defined
as a medial tibiofemoral minJSW decrease of >0.7From baseline, based on the Osteoarthritis
Research Society International and Outcome MeasuiRBeumatology minimal detectable
difference cut-off valug. People with a baseline minJSW score of <0.7mrd {ans unable to
worsen according to this definition) were also ageld from this analysis. A detailed outline of

participant inclusion for each of the two aimsiegented in Figure 1.

Statistical analysis
Descriptive characteristics of all variables atdbia® were calculated according to the presence
or absence of foot/ankle symptoms. Between-grofiprdnces were assessed ugirsgjuared

tests, analysis of variance, Wilcoxon rank-sum nrdKal-Wallis rank tests as appropriate.

To investigate whether foot/ankle symptoms were@aged with worsening of knee pain (aim
1) and worsening of symptomatic radiographic knée(&@m 2) over the subsequent four years,
we used logistic regression models with the presefhfoot/ankle symptoms (yes/no) as a
binary explanatory variable. Models were fittedngsgeneralized estimating equations to
account for the correlation between left and rigiges within participants. Models were

performed unadjusted, as well as adjusted for esebvariates determinedpriori. The
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covariates included in the adjusted model for aiwete age, sex, BMI, WOMAC pain at
baseline, race, depression, worst baseline KL giautk Charlson Comorbidity index
(dichotomised), as these factors are known to becéted with both foot/ankle symptoms and
knee OA. Models for aim 2 were also adjusted ferdavariates included in the model for aim 1,

with baseline minJSW and baseline tibial rim disg&also included.

Unadjusted and adjusted analyses were then reptaitecestigate the association between
ipsilateral, contralateral and bilateral foot/angjenptoms at baseline and the worsening of knee
pain and worsening of symptomatic radiographic kKbée Logistic regression models were
again fitted using generalized estimating equattoredjust for clustering of knees within
participants. Significance was set at p-vafu®05 and Stata v12 (Stata Corporation, College

Station, TX, USA) was used for all statistical atsals.

RESULTS

Sample characteristics

Four participants were excluded due to having albes WOMAC pain score of >91 in at least
one knee, leaving data from 1364 participants.dior2, an additional 95 participants with
minJSW < 0.7mm were excluded, as were 130 partitspaith missing minJSW, leaving 1139
participants for aim 2 analyses. People with fodda symptoms were more likely to be female
(p<0.001), younger (p=0.038), have a higher BMIQy@61) and to report more comorbidities
(p=0.016), worse WOMAC knee pain score (p<0.001) more depressive symptoms (p<0.001)

at baseline than those without foot/ankle symptdrhere were no differences in race, worst KL
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grade, or minJSW at baseline between those withwathut foot/ankle symptoms. Data are

presented in Table 1.

Worsening of knee pain

Of the 2596 knees from 1319 participants analy$&80 knees from 910 participants worsened
(Table 2). See Supplementary Table 2 for the thistion of knees and participants who reported
pain worsening at one time point and those whorntedesustained pain worsening. The presence
of symptoms in any foot/ankle at baseline was §icantly associated with knee pain worsening
(adjusted OR 1.54, 95% CI 1.25 to 1.91). Analyddsat/ankle symptom laterality showed that
ipsilateral (adjusted OR 1.50, 95% CI 1.07 to 2.t0Ontralateral (adjusted OR 1.44, 95% CI

1.02 to 2.06) and bilateral foot/ankle symptomgusted OR 1.61, 95% CI 1.22 to 2.13) all

significantly increased the odds for knee pain wonsg in the follow up period.

Worsening of symptomatic radiographic knee OA

Of the 2005 knees from 1033 people analysed, 3@Bkfrom 262 participants had worsening of
both knee pain and minJSW (Table 3). See Supplememable 2 for the distribution of knees
and participants who had worsening of both knee pad minJSW at one time point and those
who had sustained pain and minJSW worsening. Tésepce of symptoms in any foot/ankle at
baseline was not significantly associated with wonsg of these outcomes. Likewise, analysis
based on foot/ankle symptoms laterality also reagkab significant associations between

foot/ankle symptoms and worsening of both knee pathminJSW.

DISCUSSION

10
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In this study, people with knee OA who also had/frtkle symptoms were more likely to
experience clinically relevant worsening of theiek pain at some time in the subsequent four
years than people with knee OA but without footlardymptoms. Risk for knee pain worsening
increased regardless of foot/ankle symptom latgrdlhere were no longitudinal associations

between symptoms in any foot/ankle and worsenirgyofptomatic radiographic knee OA.

The association between knee pain progressionatthhkle symptoms regardless of laterality
may be explained by a number of mechanisms. Fanpbea foot pronation is associated with
foot pairf?, and people with existing knee OA have been shiownalk with greater foot
pronatiorf’, potentially to allow the foot to be plantigradecompensate for knee varus. Thus,
given that foot pronation causes greater inteibéltrotatiorf* % this may increase rotational
stress on the tibiofemoral joint and peri-articidructure®’, exacerbating existing knee pain in
people with knee OA. Ipsilateral and contralatéoal pronation have also been shown to
increase the knee adduction momérend a higher knee adduction moment is also ki
with greater knee pain in people with establisheeekOA’. Alternatively, associations between
multiple pain locations, such as the foot and knesy be an epiphenomenon due to an
unmeasured shared risk factor such as fibromyagbgia, catastrophizing, a multi-joint pain
phenotype or generalised form of &/AThe similar odds ratios for the association betwe
foot/ankle symptoms on the ipsilateral and contead limbs, and worsening of knee pain,
provide some support for this theory. Finally, aertstyles of footwear, such as high heels, are
associated with a greater likelihood of foot prom& and abnormal knee biomecharifdenown

to increase the risk of knee pain in older adtilts

11
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Although foot/ankle symptoms were associated withhsening of knee pain, there was no
longitudinal association with worsening of both &mmin and minJSW. This may because the
participants who experienced this outcome wereallsnmsubset (n=79) of those who had knee
pain worsening, and thus the model may not haveehadgh power to detect a relationship.
Alternatively, it is possible that our measureadiographic progression (minJSW) recorded
using x-ray was not sensitive enough to detectsiral deterioratioff. The use of MRI

measures may be more suitable to detect longituptiimé changes not evident on x-ray. There is
some support for this from a recent study that ébliaving a greater number of painful sites
(including at the foot) predicted knee cartilageslon MRI in people aged between 50 and 80

years®,

Our findings add support to the scant previousditge investigating associations between
foot/ankle and knee OA symptoms. Symptoms at thegesites have previously been shown to
be the most prevalent multi-joint pain pattern, smte associated with greater functional
limitations, than the co-occurrence of pain atkhee and any other jofhtin a cross-sectional
study using OAI data, we showed that knee OA pttiefith concurrent foot/ankle symptoms
reported worse knee pain and other OA symptomaddition to worse general health and
functional measures, than knee OA patients witfmatfankle symptonds Our recent
longitudinal study reported that foot/ankle sympsoane a risk factor for developing knee OA
symptoms and symptomatic radiographic knee OA thesubsequent four years in people at-
risk of the diseasé Interestingly, this previous study found thagteral and contralateral
foot/ankle symptoms, but not ipsilateral foot/angjenptoms, increased the risk of developing

these outcomes. In contrast, we found associabietvgeen knee pain worsening and foot/ankle

12
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symptoms regardless of laterality in the curremtigt This might suggest that different

mechanisms underpin the associations in incidensugavorsening OA.

Some limitations may have influenced the findingsur study. Firstly, foot/ankle symptoms
were self-reported and were only required to begmein the previous 30 days. Although this is
consistent with the most widely used definitionsaaft/ankle pain and/or symptomsa clinical
foot assessment or more detailed foot pain quesdios, such as the Manchester Foot Pain and
Disability Index® (which rates a number of different aspects of fmoh and functional
limitations), may have yielded different resultec8ndly, participants were included based on
the presence of knee symptoms, but as there wasmmum WOMAC pain score requirement
in our inclusion criteria, it is possible our ays#ds included people who did not report any
measureable knee pain. Further, knee pain worsevasgnly required to be present at one of
the follow up visits, so our analyses included mtbple whose knee pain worsened temporarily
at a single time-point as well as those with sasipain worsening. Thirdly, potential
mechanistic data such as foot/ankle osteoarthiotg,posture or dynamic foot function were not
recorded in the OAI dataset and therefore we weable to include these variables in our
analyses. Finally, dichotomising data such as wendgtih BMI and Charlson comorbidity index
can also leave residual confoundfhgHowever when we repeated the analyses usintidnat
polynomials to model the continuous scores fordles/ariates, we found no strong evidence of

this (see Table 3 in the supplementary analyses).

In summary, this study found that people with k@&ewho report foot/ankle symptoms are at

an increased risk of knee pain worsening comparg@eople without foot/ankle symptoms over

13
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the subsequent four years. However, foot/ankle $ymp were not associated with worsening of
symptomatic radiographic knee OA. These findingsiaportant given that knee pain
worsening has been shown to be an independenttoedf future knee joint replacement

surgery’. Furthermore, both genetabnd specifit’*?

causes of foot pain can be treated using
simple conservative interventions, suggesting &dtle symptoms may be a modifiable risk
factor for knee OA pain worsening. Future reseatabuld investigate whether treating

foot/ankle symptoms in people with knee OA redugessening of knee pain in this population.
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TABLES
Table 1. Baseline characteristics of participants@ording to the presence of foot/ankle symptoms. @rparticipant had

missing foot/ankle symptoms status at baseline. Mas are N (%) unless otherwise indicated.

No foot/ankle Any foot/ankle
Characteristic Missing (n) P value'
symptoms(n=1013) symptoms (n=351)
Sex 0 <0.001
Male AT7 (47.1) 113 (32.2)
Female 536 (52.9) 238 (67.8)
Mean (SD) age (years) 0 61.6 (9.1) 60.6 (8.6) ®.03
Race: 1 0.106
Asian and other non-white 33 (3.3) 8 (2.3)
White/Caucasian 723 (71.4) 234 (66.9)
Black/African American 257 (25.4) 108 (30.9)
Comorbidities: 0 0.016
0 711 (70.2) 222 (63.2)
>1 302 (29.8) 129 (36.8)
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Median (IQR) BMI kg/mi
BMI categories:
Healthy weight
(BMI <25 kg/nr)
Overweight
(BMI 25-30 kg/nf
Obese
(BMI >30 kg/nt’
Worst KL grade
0
1
2
3
4
Median (IQR) highest WOMAC pain score

Mean (SD) minimum JSW (mm)

29.4 (26.4, 33.0)

151 (15.0)

393 (38.9)

466 (46.1)

0 (0)

0 (0)
441 (43.5)
402 (39.7)
170 (16.8)
25 (10, 40)

3.3 (1.6)

31 (27.3, 34.5)

29 (8.3)

126 (35.9)

196 (55.8)

0 (0)

0 (0)
173 (49.3)
134 (38.2)
44 (12.5)
35 (20, 50)

3.4 (1.4)

Foot/ankle symptoms and knee OA

<0.001

0.001

0.080

<0.001

0.278
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Depression 22 <0.001
No 889 (89.1) 271 (78.8)
Yes 109 (10.9) 73 (21.2)

SD, standard deviation; IQR, interquartile rangstiBoody mass index; KL, Kellgren Lawrence; WOMA®estern Ontario and
McMaster Universities Osteoarthritis Index; JSWhispace width.

" Baseline values (worst value across knees for paxftipant)

" p-values from chi-squared test for binary andgmieal variables, Wilcoxon rank-sum or Kruskal-Watank tests for variables

presented as median (IQR), and analysis of varitaste for variables presented as mean (SD).
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Table 2. Logistic regression analyses for the riséf the worsening of knee pain during the four-yeafollow up period. Logistic

regression models fit using generalised estimatirgguations to account for the clustering of knees Wiin participants.

Laterality of Total No knee pain  Knee pain Risk for knee pain worsening
foot/ankle number worsening worsening Unadjusted Adjusted’
P value P value
symptoms of knees N (%) N (%) OR (95% CI) OR (95% CiI)
No symptoms
1933 1021 (77.6) 912 (71.3) 1 1

(ref)

Any side 663 295 (22.4) 368 (28.8) 1.36(1.12@&b)l. 0.002 1.54 (1.25t0 1.91) <0.001
Ipsilateral 157 71 (5.4) 86 (6.7) 1.33 (0t64..84) 0.089 1.50 (1.07 to 2.10) 0.017
Contralateral 154 67 (5.1) 87 (6.8) 1.4431®1.99) 0.030 1.44 (1.02 to 2.06) 0.038
Bilateral 352 157 (11.9) 195 (15.2) 1.3581t61.73) 0.019 1.61 (1.22 to 2.13) <0.001

OR, odds ratios; ClI, confidence intervals.

" Adjusted for age, sex, BMI, WOMAC pain at baselireee, depression, Charlson Comorbidity indexh@iomised), and worst

baseline KL grade.
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Table 3. Logistic regression analyses for the riséf the worsening of knee pain and minJSW during théour-year follow up

period. Models fit using generalized estimating agptions to account for the clustering of knees witin participants.

No knee pain  Knee pain Risk for knee pain and minJSW worsening

Laterality of Total or minJSW  and minJSW

Unadjusted Adjusted"
foot/ankle number worsening worsening P value P value
OR (95% ClI) OR (95% CI)
symptoms of knees N (%) N (%)
No symptoms
1513 1287 (75.7) 226 (74.1) 1 1

(ref)

Any side 492 413 (24.3) 79 (25.9) 1.06 (0.79t®2)1.4 0.69 1.09 (0.80 to 1.49) 0.58
Ipsilateral 106 89 (5.2) 17 (5.6) 1.11 (0.63.188) 0.70 1.07 (0.62 to 1.87) 0.81
Contralateral 104 83 (4.9) 21 (6.9) 1.35 (082.23) 0.23 1.43 (0.86 to 2.40) 0.17
Bilateral 282 241 (14.2) 41 (13.4) 0.94 (0.63140) 0.77 0.97 (0.64 t0 1.48) 0.90

OA, osteoarthritis; minJSW, minimal medial tibioferal joint space width; OR, odds ratios; Cl, cosfide intervals.
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" Adjusted for age, sex, BMI, WOMAC pain at baselirece, depression, Charlson Comorbidity indexh@iemised), worst baseline

KL grade, baseline minJSW and baseline tibial ristashce.

27



Foot/ankle symptoms and knee OA

FIGURE REFERENCES

Figure 1. Flowchart for participant inclusion and exclusion.

28



Osteoarthritis Initiative (OAI)
participants at baseline (n=4796)

OA\I participants with knee OA

(n=1368)

Aim 1
Progression of knee pain. Eligible sample = 1364 participants
(2728 knees)

Excluded:
e Participants who had WOMAC pain score at baseline of
>91 (i.e. unable to meet outcome definition) (n=4)

Aim 2
Progression of knee pain and radiographic knee OA. Eligible
sample = 1139 participants
(2278 knees)

Excluded:

e Participants who had WOMAC pain score of >91 (n=4),
joint space width < 0.7mm (n=95), or missing joint space
width at baseline (n=130)




