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1

2

. 23 ABSTRACT

5

6 24

7

8 25  Objective To determine if motion control walking shoes are superior to neutral walking shoes
9

10 26  for reducing knee pain on walking in people with lateral knee osteoarthritis (OA).

27  Design Participant- and assessor-blinded, comparative effectiveness, superiority randomized
15 28  controlled trial (RCT).

17 29  Setting Melbourne, Australia

19 30 Participants Pecople with symptomatic radiographic lateral tibiofemoral OA from the
22 31  community and our volunteer database.

24 32  Interventions Participants were randomized to receive either motion control or neutral shoes
26 33  and advised to wear them >6 hours/day over 6 months.

29 34  Outcome measures Primary outcome was change in average knee pain on walking over the

31 35  previous week (11-point numerical rating scale (NRS, 0-10)) at 6 months. Secondary outcomes

33 36  included other measures of knee pain, physical function, quality of life, participant-perceived
37  change in pain and function, and physical activity.

38 38  Results We planned to recruit 110 participants (55 per arm) but ceased recruitment at 40 (n=18

* (s3gv) Inaladns juswaublaosug

40 39  motion control shoes, n=22 neutral shoes) due to COVID-19-related impacts. All 40

fé 40  participants completed 6-month outcomes. There was no evidence that motion control shoes
44
45 41  were superior to neutral shoes for the primary outcome of pain (mean between-group difference
46

47 42 0.4 NRS units (95% CI -1.0 to 1.7)), nor for any secondary outcome. The number of
42 43  participants experiencing any adverse events was similar between groups (motion control shoes

57 44  n=5 (28%), neutral shoes n=4 (18.2%)) and were minor.

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

54 45  Conclusion Motion control shoes were not superior to neutral shoes for improving knee pain

56 46  on walking in symptomatic radiographic lateral tibiofemoral joint OA. Further research is
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needed to identify effective treatments in this important but under-researched knee OA
subgroup.
Trial Registration: Prospectively registered with the Australian New Zealand Clinical Trials

Registry reference: ACTRN12618001864213

Key words: osteoarthritis, OA, knee, tibiofemoral, footwear, shoes, clinical trial, RCT,

biomechanics, pain
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Strengths and limitations

e This is the first clinical trial to assess the effect of any type of footwear on pain in
people with symptomatic radiographic lateral knee osteoarthritis.

e Our trial found compared the effects of commercially available motion control shoes
and neutral walking shoes on walking knee pain in people with predominantly lateral
knee OA.

e We were unable to recruit out intended sample size due to extended COVID-19-

related lockdowns.
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Knee osteoarthritis (OA) is a common and painful condition and a leading cause of global
disability (1). The disease is chronic and has no cure, thus people with knee OA have little
choice but to self-manage their condition. Accordingly, advice about self-management is the
cornerstone of conservative treatment, along with exercise and weight control (2, 3). As
abnormal biomechanics are central to OA disease pathogenesis (4, 5), clinical guidelines
advocate that clinicians provide advice on “appropriate” footwear as part of core treatment for
knee OA (2, 6). However, there is scant evidence from clinical trials to guide footwear choice.
Due to the lack of robust clinical trials in this area, international OA organizations and the
American Academy of Orthopaedic Surgeons have called for footwear trials as an OA research

priority (2, 6, 7).

To date, all clinical trials on footwear for knee OA have targeted people with medial knee OA,
likely because the medial tibiofemoral (TF) compartment is affected by OA more often than
the lateral compartment (8). However, 10-55% of knee OA patients have radiographic OA
changes in the lateral TF joint (8-12), and there is evidence that co-existing lateral TF OA is
associated with worse knee pain in people with mixed compartmental OA (13). Importantly, in
people with medial knee OA, the aim of biomechanical interventions is to shift joint force
distribution from the medial to the lateral TF compartment. However, the aim in people with
lateral knee OA is to shift forces from the lateral to the medial TF compartment. Compared to
medial tibiofemoral OA, there is scant research evaluating non-surgical treatments for people
with lateral tibiofemoral OA. In particular, clinical trials that evaluate biomechanical
interventions specifically designed to target the unique biomechanical needs of this lateral TF

OA subgroup are urgently needed.
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1

2

2 89  Biomechanical studies have shown that footwear with midsoles that are laterally stiff
5 . . .

6 90 redistribute knee loads away from the medial towards the lateral TF compartment in people
7

8 91  with medial knee OA (14). Conversely, footwear with medially stiff midsoles, such as “motion
9

10 92  control” shoes, shift knee loads towards the medial TF compartment (15, 16), likely with
93  concomitant reductions in lateral TF compartment load. Thus, it is possible that motion control
15 94  footwear may improve symptoms in people with lateral knee OA. Although no randomized
17 95  controlled trial (RCT) has assessed the effects of motion control shoes on symptoms in people
19 96  with lateral compartment knee OA, there is some indirect clinical research to suggest that they

22 97  may be effective. A small study of 30 women with symptomatic radiographic lateral knee OA

24 98 and bilateral knee valgus deformity found that wearing medially wedged insoles (which have |
25 |

\
;? 99  similar biomechanical effects on lateral TF joint loads to motion control shoes (17)) for 3-6 |
28

29 100 hours/day resulted in greater improvements in pain and other symptoms over 8 weeks,

31 101  compared to wearing flat insoles (18). Consequently, further research assessing the effects of

33102  motion control footwear in people with lateral knee OA is warranted to help inform footwear
103  recommendations in international OA clinical guidelines, and to guide clinical practice, for this

38 104  important but under-researched OA subgroup.

* (s3gv) Inaladns juswaublaosug

40 105

42 106  This study aimed to assess the effectiveness of motion control shoes for improving symptoms
45 107  inpeople with lateral knee OA. We hypothesized that wearing motion control shoes would lead
47 108 to greater reductions in walking knee pain, compared to wearing neutral walking shoes, over 6
49109  months.

oy 110
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Design

This was a 2-arm, participant- and assessor-blinded, pragmatic, comparative effectiveness,
superiority RCT. It was prospectively registered (Australian New Zealand Clinical Trials
Registry ACTRN12618001864213) and the protocol is published (19). The study was
approved by the University of Melbourne human research ethics committee and participants

provided informed consent.

Participants

Community-dwelling participants (Melbourne, Australia) were recruited using advertisements,
including targeted invitations to participants on our research volunteer database who had
known radiographically diagnosed lateral knee OA. Participants were eligible if they were aged
>50 years; reported average knee pain on walking over the previous week >4 on an 11-point
numeric rating scale (NRS); had mild, moderate or severe radiographic knee OA (Kellgren &
Lawrence (KL) Grade 2-4) (20); and had a grade of lateral TF joint space narrowing that was
greater than medial, determined using a radiographic atlas (21) (where grade 0=no narrowing,
I=mild narrowing, 2=moderate narrowing, 3=severe narrowing). Participants were excluded if
they reported knee pain for <3 months; had recent (past 6 months) or planned (next 6 months)
knee surgery; or currently used foot orthoses, ankle/knee braces, customized shoes or other
shoes worn regularly that would restrict their ability to wear the allocated study shoes for a
minimum of 6 hours per day (e.g. work boots). For participants with bilaterally eligible knees,
the most painful was deemed the study knee. Full exclusion criteria are in the published

protocol (19).

Randomisation and masking

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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1
2
2 136  Participants were randomized in a 1:1 ratio. The randomisation schedule was prepared by a
6 137  biostatistician with permuted block sizes of 6 to 12 and stratified by KL grades 2, 3 or 4.
7
8 138  Allocation was concealed using password-protected software (REDCap™) and was revealed
9

10 139 by aresearcher not involved in recruitment or outcome assessment. Participants were blinded
140  and informed only that the trial was comparing the effects of two types of commercially
15 141  available walking shoes on knee OA symptoms. We did not disclose the hypothesis or the
17142  specific footwear styles/characteristics (i.e. motion control and neutral shoes) under
19 143 investigation. As participants were blinded, and primary and secondary outcomes were self-
52 144 reported, this trial was also assessor-blinded. The biostatisticians were blinded for all analyses.
24 145

26 146  Interventions

29 147 Motion control shoes

31 148  Black ASICS Gel-Kayano 25 shoes were chosen as the motion control shoes (Appendix Figure

33 149  1). These shoes have a dual density midsole which is stiffer medially compared to laterally, a
150  feature that has previously been shown to shift knee loads towards the medial TF compartment

38 151 (15, 16).

* (s3gv) Inaladns juswaublaosug

40 152

42153 Neutral shoes

45 154 Black ASICS Gel-Nimbus 20 were the neutral comparator shoe (Appendix Figure 1). These
47 155  shoes have a uniformly stiff midsole and are visually similar to the motion control shoes. They
4% 156  are also similar on other key features including midsole foam and gel cushioning systems, an

5o 157  engineered mesh upper, shoe mass, and rearfoot, forefoot and heel drop heights.

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

54 158
56 159  Participants were fitted with their allocated shoes by a study researcher (BM). Participants were ‘

160  advised to commence wearing their allocated shoes for two hours on the first day, and to

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

BMJ Open

Footwear for lateral knee OA

increase wear time by two hours/day until they were wearing them as much as possible, at a

minimum of 6 hours/day, over 6 months.

Outcome measures
Participants completed baseline questionnaires on paper or electronically at the Department of
Physiotherapy gait laboratory, The University of Melbourne. The 6-month follow-up

questionnaire was completed either on paper or electronically at home.

The primary outcome was 6-month change in average knee pain on walking in the last week,
assessed using an 11-point NRS with terminal descriptors of ‘no pain’ (score=0) and ‘worst
pain possible’ (score=10). This measure has strong clinimetric properties (22), is recommended
for knee OA clinical trials (23), and has a minimal clinically important difference (MCID) of

1.8 units (24).

Secondary outcomes included changes in the Knee Injury and Osteoarthritis Outcome Score
(KOOS) subscales of 1) physical function, ii) pain, iii) sport and recreation, iv) knee-related
quality of life, and v) patellofemoral pain and OA (25). Scores for each subscale were
transformed to provide an overall value that ranged from 0 to 100 (where higher scores indicate
better symptoms and function). Additional secondary outcomes included changes in quality of
life, measured using the Assessment of Quality of Life 6D instrument (26) (scored between -
0.04 and 1.00, higher scores indicate better quality of life); and physical activity over the
previous week, measured using the Physical Activity Scale for the Elderly (PASE) (27) (scored
from 0 to over 400, higher scores indicate higher activity). We also assessed patient-perceived

global rating of change in 1) pain and ii) function at 6 months, each measured using 7-point

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Likert scales (terminal descriptors of ‘much worse’ to ‘much better’ (28). Participants reporting

they were ‘moderately better’ or ‘much better’ were classified as improved.

Descriptive measures included height, body mass and body mass index; age; gender; knee OA
symptom duration; radiographic disease severity (using the KL scale (20)); anatomical knee
alignment (measured in degrees from the knee x-ray (29)); employment status; treatment
expectation (using a 5-point ordinal scale (anchors of “no effect at all” to “complete recovery”);
self-efficacy (using the Arthritis Self Efficacy Scale (30)); cointervention use via a custom
table (also assessed at 6 months); foot posture (using the Foot Posture Index (31) (scores range
from -12 to +12, higher score indicates a more pronated foot posture), Foot Mobility Magnitude
(32) (in mm, higher values indicate greater mobility) and navicular drop (33) (in mm, higher
values indicate greater drop); and the motion control feature score of the participant’s usual
(most commonly worn) pair of shoes (using the Footwear Assessment Tool (15), scored 0 to

11, higher scores indicate more motion control features).

We assessed adherence to allocated footwear using our successful strategies employed in prior
footwear RCTs (34, 35). Participants recorded how much they wore their allocated shoes
(hours/day) for 7 consecutive days, for one week of every month, in log books. Those who
averaged >6hrs/day over 6 months were classified as ‘adherent’. At 6 months, participants also
rated their overall level of adherence with wearing their allocated shoes >6 hours per day using
an 11-point NRS (terminal descriptors of ‘shoes not worn at all’ and ‘shoes worn completely
as instructed’) and indicated whether they stopped wearing the shoes during the study (Yes or
No). Participants who responded ‘Yes’ described when and why they stopped wearing their

study shoes. Finally, adverse events (any problem experienced in the study knee or elsewhere

10
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in the body because of wearing the study shoes) were self-reported by participants at 6 months

using a custom table.

Statistical analysis

We aimed a priori to detect a between-group difference in change in walking pain (the primary
outcome) of 1.8 units (the MCID) (24). We assumed a between-participant standard deviation
of 2.7 and a baseline to 6-month correlation of 0.21 (34, 35). Using analysis of covariance
(ANCOVA) adjusted for baseline score, we needed 46 participants per arm to achieve 90%
power to detect the MCID in change in walking knee pain. Allowing for 15% attrition, we
aimed to recruit 55 people per arm (n=110 in total). However, due to ongoing COVID-19
restrictions in Melbourne (Australia) halting trial recruitment for a prolonged period of time
and grant funding running out, recruitment was ceased with a final sample size of 40. Using
ANCOVA adjusted for baseline score, we have 57.8% power to detect the MCID in change in
walking knee pain (baseline minus 6 months) with the final sample size of 40 participants

(assuming 20 participants per arm).

Main comparative analyses between groups were performed using intention-to-treat. As no
primary outcome data were missing from enrolled participants, multiple imputation was not
applied, and all analyses were performed on complete case data. Separate linear regression
models were fit for each continuous outcome, including the primary outcome of walking knee
pain, with treatment group, the outcome at baseline, and the stratifying variable (KL grade) as
covariates. Results were calculated as the estimated mean (95% confidence interval (CI))
difference in change (baseline minus 6 months) between groups. Regression assumptions of
linearity and homoscedasticity were assessed using standard diagnostic plots. A sensitivity

analysis estimated treatment effects on the primary outcome assuming full adherence to shoe

11
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1
2
2 234  wear (classified as average of >6 hours/day for 6 months, based on logbook data), using an
5
6 235  instrumental variables approach (36). Improvement based on global change scores and the
7
8 236  achievement of the MCID in improvement in walking knee pain (1.8 NRS units) were each
9

10 237  compared between groups separately using logistic regression, adjusted for the stratifying

:g 238  variable (KL grade), with results reported as risk ratios and risk differences.

14 |
15 239 |
16

17240 To assess whether the effect of shoe group on the primary outcome was moderated by KL
197 241 grade, a linear regression model was fit for the primary outcome, with the outcome at baseline,
52 242  treatment group, and KL grade as covariates, including an interaction between treatment group
24 243  and KL grade. To assess whether the effect of shoe group on the primary outcome was
26 244  moderated by i) Foot Posture Index score, ii) knee alignment or iii) KOOS patellofemoral pain
29 245 and OA, separate linear regression models were fit for the primary outcome for each potential

31 246  moderator, with the outcome at baseline, treatment group, the relevant potential moderator and

33 247 KL grade, as covariates, including an interaction between treatment group and the potential
248  moderator. Statistical analyses were performed using Stata version 16.1 (StataCorp LLC,

38 249  College Station, TX, USA). The a priori statistical analysis plan is in the appendix.

* (s3gv) Inaladns juswaublaosug

40 250

42 251  Patient and public involvement

45 252 Patients and the public were not involved in the design, conduct and dissemination of this
47 253  research.

49 954
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53 255 RESULTS

>> 256  Sample characteristics

sg 257  Participant flow through the study is shown in Figure 1. Between 29 November 2018 and 24
60 258  March 2020, we screened 261 people and enrolled 40 participants, predominantly recruited (
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through targeted invitations to people with lateral knee OA in our research database (37
enrolees (from 65 screened) versus 3 recruited (from 196 screened) via advertising in the
community). Due to COVID-19 causing extended lockdowns in Melbourne, Australia
(totalling 23 weeks between March 30 and May 12, 2020, and between July 8 and October 27,
2020) and suspension of on-campus research activities, recruitment was postponed on 24
March 2020. Recruitment resumed on 13 June 2020 and by 12 November 2020 we had screened
a further 10 participants without any further enrolment. The study was terminated early as it
was deemed unfeasible to continue given the considerable number of participants still left to
recruit, ongoing uncertainty regarding COVID-19 restrictions, poor community recruitment
rates (no further recruitment possible from our volunteer database) and exhaustion of funding.
At the 6-month follow-up, all 40 (100%) enrolled participants had completed the primary

outcome.

Participant characteristics were comparable between groups at baseline (Table 1) except that a
greater proportion of people in the neutral shoe group had a neutral foot posture (motion control
17% vs neutral 36%) and more people in the motion control group had a pronated foot posture
(motion control 83% vs neutral 59%). Participant’s own usual footwear were similar across
groups with respect to motion control features (Table 1, Appendix Table 1), suggesting that on
average, people wore shoes with moderate amounts of motion control features. Treatment
expectations were generally similar across groups pre-randomization and following shoe

allocation (Table 1).
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1

2

3 282  Table 1. Baseline characteristics of participants by group, reported as mean (standard
4 . .

5 283  deviation) unless otherwise stated.

6 Motion control shoes Neutral shoes
/ (n=18) (n=22)
: Age (years) 64.6 (7.2) 64.2 (7.2)
10 Gender

11 Female, n (%) 11 (61) 13 (59)
12 Male, n (%) 7 (39) 9(41)
13 Symptom duration (years) 11.6 (7.8) 11.1 (8.0)
14 Height (m) 1.7 (0.1) 1.7 (0.1)
} 2 Body mass (kg), median (IQR) 89 (75-95) 89 (81-106)
17 Body mass index (kg/m?), median (IQR) 31.4 (27.6-35.4) 31.2 (27.8-33.9)
18 Unilateral knee OA symptoms, n (%) 3(17) 7(32)
19 Radiographic disease severity, n (%)?

20 Grade 2 (mild) 2(11) 3 (14)
21 Grade 3 (moderate) 8 (44) 10 (45)
. Grade 4 (severe) 8 (44) 9 (41)
iy Radiographic knee alignment (degrees)® 188.7 (6.3) 188.1 (5.5)
25 Foot Posture Index classification, n (%)°

26 Supinated 0(0) 1(5)
27 Neutral 3(17) 8 (36)
28 Pronated 15 (83) 13 (59)
29 Foot Mobility Magnitude (mm)¢ 7.7 (3.5) 7.7 (2.5)
g? Navicular drop (mm)¢ 6.5 (4.4) 6.3 (3.0)
32 Currently employed, n (%) 10 (56) 11 (50)
33 Current drug/supplement use, n (%)° 15 (83) 18 (82)
34 Paracetamol combinations 11 (61) 15 (68)
35 Non-steroidal anti-inflammatories 8 (44) 10 (45)
36 Topical anti-inflammatories 8 (44) 4 (18)
37 Oral corticosteroids 0 (0) 0 (0)
gg Oral opioids 0 (0) 0 (0)
40 Arthritis Self Efficacy Scalef 6.4 (2.1) 6.3 (1.5)
41 Co-interventions used in the last 6

42 months, n (%)

43 Land-based exercise 12 (67) 13 (59)
44 Heat/cold treatment 11 (61) 7 (32)
45 Massage 8 (44) 11 (50)
pie Knee braces 8 (44) 8 (36)
48 Manual therapy 3(17) 8 (36)
49 Orthotics/arch supports 2 (11) 29
50 Hydrotherapy 3(17) 4 (18)
51 Usual shoes overall motion control

52 feature score, mean (SD)g 6.2(3.2) 6.4 (2.7)
>3 Expectation of treatment — before

54 ..

zs randomisation, n (%)

56 No change 0(0) 0(0)
57 Mild improvement 2(11) 3(14)
58 Moderate improvement 10 (56) 16 (73)
59 Large improvement 6 (33) 3(14)
60 Complete recovery 0 (0) 0 (0)
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Motion control shoes Neutral shoes
(n=18) (n=22)
Expectation of treatment — after shoe
allocation, n (%)
No change 0(0) 0(0)
Mild improvement 1(6) 209
Moderate improvement 12 (67) 13 (59)
Large improvement 5(28) 6 (27)
Complete recovery 0(0) 1(5)

aUsing the Kellgren & Lawrence grading system;

b Measured as anatomical axis from standing radiograph with 180° indicating neutral
alignment, <180°, varus alignment, and >180°, valgus alignment.

¢ Scored from -12 to 12; scores <0 indicated supinated foot posture, 0-5 neutral foot posture,
and >5 pronated foot posture;

dHigher values indicate greater mobility/drop;

¢ Defined as at least once per week in the last 6 months;

fScores range 1 to 10, higher scores indicate higher self-efficacy;

¢ Measured using the Footwear Assessment Tool; scores range 0-11, with higher scores
indicating more motion control features.

IQR = interquartile range (25% — 75% percentile); OA = osteoarthritis.

Adherence and adverse events

Mean (SD) allocated shoe wear was 7.0 (3.4) hours/day with motion control shoes and 8.0 (2.4)
hours/day with neutral shoes (Appendix Table 2). Ten participants (56%) were classified as
adherent over six months with motion control shoes, compared to 19 (86%) participants with
neutral shoes. A similar number of participants in each footwear group reported adverse events
(n=5 (28%) with motion control shoes, n=4 (18%) with neutral shoes), mostly knee pain (Table
2). Cointervention use was similar between groups at baseline (Table 1) and follow-up (Table
2). One participant (6%) ceased wearing their motion control shoes due to a fractured ankle

that was unrelated to the footwear (Appendix Table 3).
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Table 2. Adverse events and co-interventions at follow up according to group, presented
as number (%) of participants.

Mbotion control shoes Neutral shoes

(n=18) (n=22)
Participants reporting any adverse event(s): 5 (28) 4 (18)
Knee pain 3(17) 209
Ankle/foot pain 2 (11) 1(5)
Blisters 0(0) 1(5)
Pain in other areas 2 (11) 1(5)
Count of adverse events:
0 13 (72) 18 (82)
1 3(17) 3 (14)
2 2(11) 1(5)
Current drug/supplement use?®: 16 (89) 15 (68)
Analgesia (paracetamol combinations) 13 (72) 11 (50)
Non-steroidal anti-inflammatories 11 (61) 12 (55)
Topical anti-inflammatories 8 (44) 5(123)
Oral corticosteroids 0 (0) 1(5)
Oral opioids 0 (0) 1(5)
Co-interventions used in the last 6 months:
Land based exercise 13 (72) 11 (50)
Heat/cold treatment 8 (44) 7 (32)
Massage 6 (33) 8 (36)
Knee braces 2(11) 5(123)
Manual therapy 4 (22) 4 (18)
Orthotics/arch supports 4 (22) 0 (0)
Hydrotherapy 3(17) 4 (18)

2 Defined as at least once per week in the last 6 months.

Primary outcome

Tables 3 summarizes the primary outcome across time by group and Table 4 presents the
change in the primary outcome within and between groups. There was no evidence of a
between-group difference in change in walking knee pain at 6 months (mean difference 0.4
NRS units (95% CI -1.0 to 1.7), p=0.60) (Table 4). Sensitivity analyses found similar results

when assuming full adherence (Appendix Table 4).
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Table 3. Mean (SD) scores on continuous outcome measures across time, by shoe group.

Baseline 6 months
Motion Neutral Motion Neutral
control shoes shoes control shoes
(n=18) (n=22) shoes (n=22)
(n=18)
Primary outcome
Average knee pain on walking 5.7 (1.1) 5.4 (1.0) 4.3 (2.2) 3.7(2.2)
(NRS)
Secondary outcomes
KOOS sub-scales:
i) Physical function 61.0 (16.0)  63.0(14.7) 71.2(15.4)  71.0(14.3)
i)  Pain 52.5(11.3)  55.1(12.8) 63.0(14.3)  64.1(12.1)
iii)  Sport and recreation 24.7(18.3)  28.0(22.9) 31.1(24.6) 393 (16.4)
iv)  Knee-related quality- 32.6(13.0)  34.1(14.3) 37.5(18.8) 44.3(17.3)
of-life
v)  Patellofemoral pain 33.2(16.1)  33.5(15.3) 40.2(20.7)  44.1(15.6)
and OA
Quality of life (AQoL-6D) 0.80(0.10)  0.76 (0.10)  0.81(0.10)  0.78 (0.12)
Physical Activity Scale for the  186.5(78.5) 177.9(91.8) 177.0 (84.1) 202.5 (89.4)

Elderly (PASE)

AQoL = Assessment of Quality of Life instrument (-0.04 to 1.0; higher scores indicate better
quality of life); KOOS = Knee Injury and Osteoarthritis Outcome Score (0 to 100; lower scores

indicating worse pain/symptoms/function/quality-of-life); NRS = numerical rating scale (0-10;

higher scores indicate worse pain); OA = osteoarthritis; PASE = Physical Activity Scale for

the Elderly (0 to over 400, with higher scores indicating higher physical activity); SD =

standard deviation.
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Table 4: Mean change within groups, and difference® in change between groups for
continuous outcomes, using complete case data.

Mean (SD) change within Difference in change
groups between groups?
Baseline — 6 months Baseline to 6 months
Motion Neutral Mean difference
control shoes shoes (95% CI) P-value
(n=18) (n=22) °
Primary outcome
Knee pain on walking 1.4 (2.1) 1.7 (2.1) 0.4 (-1.0, 1.7) 0.60
(NRS)®
Secondary outcomes
KOOS sub-scales®:
i)  Physical function 102 (14.5) -8.0(11.4) 1.6 (-5.8, 8.9) 0.67
i)  Pain -10.5(14.8)  -9.1(15.3)  -0.4(-8.6,7.8) 0.92
iif)  Sport and -6.4(27.1)  -11.4(259) -7.8(-20.8,5.3) 0.24
recreation
iv)  Knee-related 49 (18.1)  -102(17.1) -6.1(-16.8,4.5) 0.26
quality-of-life
v)  Patellofemoral 6.9 (21.0)  -10.6 (15.0) -3.9(-14.4, 6.6) 0.47
pain and OA
Quality of life (AQoL- -0.01 (0.13) -0.02 (0.06)  0.00 (-0.05, 0.06) 0.90
6D)°
Physical activity (PASE)® 9.5 (85.7) -24.6 (51.5) -32.2 (-73.1,8.7) 0.12

2 Difference is adjusted for the outcome at baseline and radiographic severity (Kellgren &
Lawrence Grade).

bFor change within groups, positive changes indicate improvement. For difference in change
between groups, negative differences favour motion control shoes.

¢ For change within groups, negative changes indicate improvement. For difference in change
between groups, positive differences favour motion control shoes.

AQoL = Assessment of Quality of Life instrument (-0.04 to 1.0; higher scores indicate better
quality of life); CI = confidence intervals; KOOS = Knee Injury and Osteoarthritis Outcome
Score (0 to 100; lower scores indicating worse pain/symptoms/function/quality-of-life); NRS
= numerical rating scale (0-10; higher scores indicate worse pain); OA = osteoarthritis; PASE
= Physical Activity Scale for the Elderly (0 to over 400, with higher scores indicating higher
physical activity); SD = standard deviation.

Secondary outcomes
Table 3 summarizes continuous secondary outcomes across time by group and Table 4 presents
change in continuous secondary outcomes within and between groups. There was no evidence

that motion control shoes were superior to neutral shoes for any continuous secondary outcome.

Similar proportions (considering our small sample size) of participants reported global
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improvement across groups (Table 5), with no significant difference between groups in the
relative risk of improvement in pain (1.36, 95% CI 0.61 to 3.01, p=0.45) or function (1.43,
95% CI 0.50 to 4.10, p=0.50). The number of participants achieving the MCID of 1.8 NRS
units in pain, and the relative risk of achieving the MCID, was also similar between groups

(1.28,95% CI 0.74 to 2.24, p=0.38) (Table 5).
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Table 5: Number (percentage) of participants reporting global improvement or achieving
an improvement of 1.8 NRS units in the primary outcome (change in knee pain on
walking (baseline minus 6 months)), and relative risks® and risk differences®.
Motion control  Neutral . Risk
Relative risk . P-
shoes shoes (95% CI)° P-value  difference value
(n=18) (n=22) ’ (95% CI)*
Improved 6/18 (33) 10/22 (46) 1.36 0.45 0.12 0.44
pain (0.61, 3.01) (-0.18, 0.42)
Improved 4/18 (22) 7/22 (32) 1.43 0.50 0.10 0.49
function? (0.50, 4.10) (-0.18, 0.37)
Improvement 9/18 (50) 14/22 (64) 1.28 0.38 0.14 0.36
218 = NRS (0.74,2.24) (-0.16, 0.44)
units®
2 Relative risk and risk difference adjusted for radiographic severity (Kellgren & Lawrence
Grade).
bRelative risks <1 favour motion control shoe group.
¢ Risk differences <0 favour
motion control shoe group.
d Rated using 7-point scales with terminal descriptors of ‘much worse’ to ‘much better’, with
participants indicating ‘moderately better’ or ‘much better’ classified as improved.
¢ Improvement >1.8 NRS units chosen as this is the minimum clinically important difference
in the primary outcome, change in knee pain on walking (baseline — 6 months).
CI = confidence intervals; NRS = numerical rating scale.
Subgroup analyses
The effect of allocated shoe group on the primary outcome of walking knee pain was not found
to be moderated by any of the pre-specified variables of radiographic disease severity, Foot
Posture Index, radiographic knee alignment or KOOS patellofemoral pain and OA subscale
score (Appendix Tables 5 and 6).
DISCUSSION
This RCT found that motion control shoes were not superior at reducing knee pain on walking
than neutral shoes in people with lateral knee OA. Average within group changes failed to
demonstrate clinically-meaningful improvements in knee pain for either footwear group.
Motion control shoes were not superior to neutral shoes for any secondary outcome, and a
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similar proportion of participants in each group reported global improvements in pain (motion
control 33% vs neutral 46%) and function (motion control 22% vs neutral 32%) and achieved
the MCID in NRS walking pain (motion control 50% vs neutral 64%). However, we had
reduced power (57.8%) to detect the MCID in between-group difference in change in our
primary outcome as we did not reach our intended sample size, which may explain our findings.
Albeit, the observed effect estimate was well below what is considered clinically meaningful,
and the MCID was not contained within the 95% confidence intervals. These findings provide
preliminary evidence to suggest motion control shoes may not be beneficial at reducing
symptoms associated with predominantly lateral knee OA compared with neutral shoes.

However, adequately-powered clinical trials are required to confirm our results.

Although no previous clinical trial has investigated the effects of footwear in people with lateral
knee OA, our findings are not consistent with the only other similar trial conducted, which
evaluated shoe insoles over 8 weeks. In a previous RCT with a smaller sample size than ours
(n=30), medially wedged insoles, but not flat neutral insoles, significantly reduced knee pain
with movement (mean (SD) baseline and 8 weeks values for medial wedges: 8.1 (1.5) to 4.2
(2.4); flat insoles: 6.9 (2.6) to 6.4 (2.7)) and at rest (medial wedges: 5.1 (2.3) to 2.7 (2.4); flat
insoles: 3.3 (2.2) to 3.1 (2.5)) in women with lateral knee OA (18). However, average between-
group differences were not reported in that study, thus it is possible that no significant between
group differences were observed. Although adherence rates were not reported in that study, the
different outcomes may also be due to the lower proportion of participants being classified as
adherent wearing motion control shoes (56%) compared to neutral walking shoes (86%) in our
study. To our knowledge, no study has investigated the symptomatic effects of knee bracing or

any other biomechanical intervention in people with lateral TF joint OA.
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Biomechanical research has demonstrated that motion control shoes (16), medially wedged
insoles (37) and medial arch supports (38) redistribute knee joint loading toward the medial TF
compartment, likely unloading the lateral TF compartment. The lack of symptomatic benefit
with motion control shoes in our study could suggest that these shoes are not effective at
unloading the lateral TF compartment, that joint load reductions are not enough to result in
clinical meaningful reductions in pain, and/or that relationships between lateral TF joint loads
and pain are not strong. Although there has been no research evaluating the relationship
between lateral tibiofemoral joint loads and severity of knee pain in people with lateral
tibiofemoral OA, previous research by us and others in medial compartment knee OA has
shown limited, and at times conflicting, associations between knee pain and medial TF joint
loads (39, 40). Thus it is perhaps not surprising that our previous RCT which tested footwear
designed specifically to reduce medial TF loads found that they were not superior to
conventional walking shoes at reducing walking knee pain in people with medial knee OA (34).
Further research is needed to investigate associations between lateral TJ joint loads and knee
pain severity in people with lateral knee OA, and whether interventions that produce larger
reductions in knee load (for example, high tibial osteotomy and knee bracing) can effectively

reduce knee pain in this population.

We failed to reach our intended sample size of 110 participants due to slow recruitment rates,
impacting feasibility to complete the trial before funding was exhausted. This was largely
because on-campus research was suspended at our university during 23 weeks of COVID-19-
related lockdowns in 2020 in Australia. Nonetheless, it is worth highlighting that our
recruitment rate prior to trial suspension was very slow (2.5 participants enrolled per month)
compared to our previous footwear trials in people with medial tibiofemoral OA (which

enrolled 5.9-7.5 participants per month (34, 35)). The much slower recruitment rate in the
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current study reflects the lower prevalence of lateral (15%) compared to medial (27%)
tibiofemoral OA in the community (41). It is also worth noting that, when recruiting people
with lateral tibiofemoral OA from the community, x-ray screening costs can be substantial
given that 58% of people recruited from community sources were excluded on the basis of not
having a grade of lateral TF joint space narrowing that was greater than medial. In the present
study, our most successful recruitment strategy was recruiting from our research database of
volunteers, which included participants who had already undergone x-rays for our prior trials
and were known to have lateral tibiofemoral OA. In fact, 93% (37/40 participants) of our final
sample were recruited this way (Figure 1), and our recruitment of only 3 participants from the
206 people screened from the community resulted in a recruitment rate of only 1.46% from
this source. Thus, to recruit the final 70 participants from the community would have required
screening an additional 1,522 participants. Future studies should take these recruitment rates

into consideration when planning clinical trials in people with predominantly lateral knee OA.

Despite our small sample size, our study is the first to assess any type of footwear for people
with predominantly lateral knee OA. Our findings will be important for researchers undertaking
meta-analyses of biomechanical interventions for knee OA (42), and in particular, will yield
unique data to evaluate efficacy of interventions in the under-researched subgroup of people
with lateral tibiofemoral OA. Thus, our findings also have the potential to influence knee OA
clinical guidelines, most of which advocate footwear use on the basis of expert opinion alone
due to the dearth of footwear RCTs in knee OA (2, 6). Other strengths include our robust RCT
design and use of outcome measures recommended for knee OA clinical trials, blinded
participants and assessors, excellent retention, and the inclusion of sensitivity and moderator
analyses. There were also some limitations, the principal one being that our sample size was

smaller than planned. As such, our trial had reduced statistical power to detect between-group

23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 41

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublaosug


http://bmjopen.bmj.com/

Page 25 of 41 BMJ Open

Footwear for lateral knee OA

1
2
2 455  differences. We evaluated a single motion control shoe model, thus our findings cannot be
6 456  generalized to other motion control shoes. Similarly, the addition of medial wedges or arch
7
8 457  support to the motion control shoes may exert greater symptomatic benefits than motion control
9

10 458  shoes alone.

459
15 460 In conclusion, motion control shoes were not superior to neutral walking shoes for reducing
17461  walking knee pain in people with symptomatic lateral tibiofemoral joint OA. Given the limited
19" 462 clinical trial evidence in people with lateral knee OA, further research is needed to confirm the
52 463  findings and to identify effective treatments for this important but under-researched subgroup
24 464  of knee OA patients.
26 465
29 466  Footnotes

31 467  Data sharing statement: Data that support findings of this study are available from the

33 468  corresponding author upon reasonable request.
469

38 470  Ethics statements:
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40 471  Patient consent for publication: Consent obtained directly from patient(s)

42 472 Ethics approval: This study involves human participants, was approved by University of

45 473  Melbourne Human Research Ethics Committee and registered with the Australian New

47 474  Zealand Clinical Trials Registry (date registered 15 November 2018) and complied with the
4% 475  Declaration of Helsinki. Participants gave informed consent to participate in the study before

5o 476  taking part.
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Figures

Figure 1. Flow of participants through the trial.
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Enrolment

Allocation

Intervention
(6 months)

Follow-up

Analysis

BMJ Open

Assessed for eligibility by online
screen/telephone (n=271):
existing database (n=65); community
(n=206)

Excluded (n=184):
Fail inclusion criteria (n=29)
(low pain level, n=12; medial/no knee OA on
own x-ray, n=8; aged under 50, n=5; knee pain
not on most days of past month, n=4)

Met exclusion criteria (n=102):
(using foot orthoses, n=24; not able to wear
shoes of normal width, n=22; recent or

A 4

A 4

planned surgery, n=12; pain in other joints,
n=10; restricted ability to wear shoes >6 hours

Assessed for eligibility by radiology
assessment (n=87):
existing database (n=48);
community (n=39)

per day, n=9; knee pain <3months, n=6; other,
n=19)

Not interested/travel limitations (n=45)

Unable to be screened by telephone due to trial
concluding early (n=8)

Excluded (n=47):

Fail inclusion criteria (n=34)

\ 4

A 4

Did not undergo x-ray (n=6)

Baseline assessment (n=40):
existing database (n=37); community
(n=3)

Passed x-ray but no longer eligible (n=7)
(chose not to participate, n=6; not willing to
wear study shoes, n=1)

v

Randomization (n=40):
existing database (n=37); community
(n=3)

|
v

v

Allocated and received neutral
shoes (n=22)

Allocated and received motion-
control shoes (n=18)

\ 4

A 4

6 months of daily shoe wear

6 months of daily shoe wear

A 4

A 4

Completed 6 month assessment
(n=22)

Completed 6 month assessment
(n=18)

A

A 4

Analyzed (n=22)
Excluded from analysis n=0

Analyzed (n=18)
Excluded from analysis n=0
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3 Appendix Table 1. Motion control features of p