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Abstract
Objective: To evaluate the efficacy of carbon-fibre shoe-stiffening inserts in individuals with first metatarsophalangeal joint osteoarthritis.  
Design: This was a randomised, sham-controlled, participant- and assessor-blinded trial. One hundred participants with first metatarsophalangeal joint osteoarthritis received rehabilitation therapy and were randomised to receive either carbon fibre shoe-stiffening inserts (n=49) or sham inserts (n=51). The primary outcome measure was the Foot Health Status Questionnaire (FHSQ) pain domain assessed at 12 weeks.
Results: All 100 randomised participants (mean age 57.5 (SD 10.3) years; 55 (55%) women) were included in the analysis of the primary outcome. At the 12 week primary endpoint, there were 13 drop-outs (7 in the sham insert group and 6 in the shoe-stiffening insert group), giving completion rates of 86 and 88%, respectively. Both groups demonstrated improvements in the FHSQ pain domain score at each follow-up period, and there was a significant between-group difference in favour of the shoe-stiffening insert group (adjusted mean difference of 6.66 points, 95% CI 0.65 to 12.67, p=0.030). There were no between-group differences for the secondary outcomes, although global improvement was more common in the shoe-stiffening insert group compared to the sham insert group (61 versus 34%, RR 1.73, 95% CI 1.05 to 2.88, p=0.033; number needed to treat 4, 95% CI 2 to 16).  
[bookmark: _Hlk55914098]Conclusion: Carbon-fibre shoe-stiffening inserts were more effective at reducing foot pain than sham inserts at 12 weeks. These results support the use of shoe-stiffening inserts for the management of this condition, although due to the uncertainty around the effect on the primary outcome, some individuals may not experience a clinically worthwhile improvement.
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Introduction
Osteoarthritis of the first metatarsophalangeal joint (first MTP joint OA) is the most common form of foot OA and affects approximately 8% of people aged 50 years and over.1 The condition is characterised by pain and stiffness in the first MTP joint, which is frequently disabling1 and impairs both foot-specific and general health-related quality of life.2 Radiographic severity of first MTP joint OA is associated with increased pain, deformity and decreased joint range of motion, suggesting that it may be a progressive disorder that has an accumulative impact on the weight-bearing function of the foot.3  
Shoe-stiffening inserts are semi-rigid insoles that are commonly recommended as an intervention for first MTP joint OA.4 These inserts are placed inside the shoe with the objective of reducing the rate and magnitude of dorsiflexion at the MTP joints during walking, which is speculated to reduce symptoms by decreasing compression at the dorsal aspect of the joint.5,6 Indeed, there is evidence to suggest that shoe-stiffening inserts can reduce dorsiflexion of the first MTP joint during gait7 and preliminary evidence from a recent case series study that reported clinically worthwhile improvements in foot pain and foot-related disability.8
The primary aim of this trial was to determine if shoe-stiffening inserts are more effective at reducing pain associated with first MTP joint compared to sham shoe inserts. The secondary aims were to determine if shoe-stiffening inserts are: (i) more effective at reducing first MTP joint motion when walking compared to sham shoe inserts, and (ii) more cost-effective compared to sham shoe inserts.
Methods
Study design
[bookmark: _Hlk55915110]The trial was prospectively registered with the Australian New Zealand Clinical Trials Registry (ACTRN12616000552482). The La Trobe University Human Ethics Committee provided ethical approval (number HEC15-128) and all participants provided written informed consent prior to enrolment. The full trial protocol has been published.9 The design was a parallel group, participant- and assessor-blinded, randomised controlled superiority trial with a 52 week follow-up. Participants were randomised to the control group (sham shoe inserts) or the intervention group (shoe-stiffening insert(s) [Carbon Fibre Spring Plate, Paris Orthotics, Vancouver, BC, Canada]). Both groups also received a rehabilitation therapy program. Participants were blinded to their group allocation by being informed that they would receive one of two different shoe insert treatments (i.e. the characteristics of the inserts were not disclosed) and a rehabilitation therapy program for their condition. Due to the nature of the intervention, research staff administering the shoe inserts could not be blinded to group allocation. However, research staff prescribing the rehabilitation therapy, assessing outcomes, and entering and analysing data were blinded. 
Participants
Between June 2016 and September 2017 we recruited participants via advertisements placed in local newspapers, by posters placed in senior citizens’ centres and retirement villages, mail-out advertisements to health-care practitioners in Melbourne, mail-out to people currently accessing podiatry services at the La Trobe University Health Sciences Clinic, and through social media.
To be included in the trial, participants had to: (i) be aged at least 18 years, (ii) have pain in the first MTP joint on most days for at least 12 weeks, (iii) have pain rated at least 30 mm on a 100 mm visual analogue scale (VAS), (iv) have pain upon palpation of the dorsal aspect of the first MTP joint, (v) be able to walk household distances (>50 metres) without the aid of a walker, crutches or cane, (vi) be willing to have their foot x-rayed, (vii) agree to attempt to not receive additional interventions (such as shoe modifications, physiotherapy, foot orthoses, intra-articular injections, or surgery) for the first MTP joint pain during the course of the trial, (viii) be able to reach their feet to perform rehabilitation therapy, and (ix) be willing to attempt to discontinue consuming any pain relieving medications for first MTP joint OA (except paracetamol [up to 4 grams per day] as rescue medication) for at least 14 days prior to the baseline assessment and during the trial period. Participants who consumed paracetamol for first MTP joint pain prior to recruitment were advised to discontinue its use at least 24 hours prior to the baseline assessment and follow-up assessments at 4, 12, 24 and 52 weeks.
Exclusion criteria included: (i) previous first MTP joint surgery, (ii) currently pregnant, (iii) significant first MTP joint deformity including hallux valgus (defined as a score of 2 or 3 using the Manchester scale),10,11 (iv) presence of one or more conditions within the foot or ankle that could confound pain and functional assessments of the first MTP joint, such as forefoot pain that is not first MTP joint OA, (v) presence of any systemic inflammatory condition such as gout or rheumatoid arthritis, (vi) any medical condition that, in the opinion of the investigators, made the participant unsuitable for inclusion (e.g. clinically important pain in the musculoskeletal system other than the first MTP joint), (vii) an inability to speak and read English, (viii) cognitive impairment (ix) intra-articular injections (such as corticosteroids) of the first MTP joint in the previous 3 months, (x) unwilling to discontinue use of any foot orthotic devices if currently wearing them, (xi) currently wearing shoe-stiffening inserts, and (xii) regularly wear shoes unable to accommodate the shoe-stiffening inserts.
Randomisation
Participants were allocated to the intervention or control groups using minimisation12 incorporating stratifications by age (18 to 40, 41 to 60, > 61 years) and sex, using an interactive voice response telephone service provided by the NHMRC Clinical Trials Centre at the University of Sydney, Sydney, Australia.
Clinical and radiographic assessment
[bookmark: _Hlk168964]All assessments were performed at the La Trobe University Health Sciences Clinic, Melbourne, Victoria, Australia. Participant characteristics, medical conditions and medications were obtained via structured questionnaire. Participants underwent a clinical assessment including measurements of height, weight and body mass index (BMI), Foot Posture Index,13 passive non-weightbearing dorsiflexion range of motion at the first MTP joint14 and observation to determine the presence of pain on palpation, a dorsal exostosis, pain during motion, a hard-end feel when the joint was fully dorsiflexed, and crepitus.15 Radiographic first MTP joint OA was documented using the La Trobe University atlas.16
Interventions
Interventions were administered at the La Trobe University Health Sciences Clinic, Melbourne, Australia.  Participants allocated to the intervention group were provided with full-length shoe-stiffening inserts (Carbon Fibre Spring Plate, Paris Orthotics Ltd, Vancouver, BC, Canada) at the baseline assessment (a single insert if symptoms were unilateral, or a pair of inserts if symptoms were bilateral). The shoe-stiffening inserts were lightweight (32 to 48 grams across the size range), 1.5 mm thick, and covered with 3.2 mm foam (PPT® 2 809 Blue with an Ultralux top layer, Langer Biomechanics, USA). A full length piece of nylon woven textile covering (Cambrelle®, Camtex Fabrics Ltd, United Kingdom) was applied to the underside of the insert to make its appearence similar to the sham insert. 
Participants allocated to the control group received sham inserts (a single insert if symptoms were unilateral, or a pair of inserts if symptoms were bilateral) designed to not affect first MTP joint dorsiflexion. To achieve this, the distal end of the insert was removed so that the anterior edge finished at the anterior margin of the heel. As with the inserts provided to the intervention group, the sham inserts were covered with a full length layer of 3.2 mm foam, and a full length piece of nylon woven textile covering was applied to the underside of the insert. See Figure 1. Mechanical testing of the sham insert confirmed that it had a negligible effect on shoe bending stiffness.9 The inserts were dispensed by one of the trial investigators (JJA), a registered podiatrist.
Both groups also received standardised rehabilitation therapy.17 This home-based program was performed daily for approximately 30 minutes for 12 weeks, then 3 times per week for the reminder of the trial. Each session involved heat pack application, self-mobilisation of the first MTP joint, toe flexor strengthening exercises and cold pack application. The rehabilitation therapy was reviewed at 1 and 12 weeks. After the 12 week review, participants were telephoned at monthly intervals to remind them to perform the therapy. 
Treatment credibility and expectancy were quantified using the Credibility/Expectancy Questionnaire18 which consists of six items; three related to credibility and three related to expectancy. Participants were asked to rate the credibility of the intervention and their expectations on a 9-point Likert scale. High scores on the scale indicate that the participant considers the intervention to be credible and expects it to be effective (maximum score for each is 27).
Outcome measures
Outcome measures were collected at baseline and at 4, 12, 24 and 52 weeks. To minimise participant burden, postal questionnaires were used for the week 4, 24 and week 52 assessments. To avoid over-testing and to minimise the risk of Type I error associated with serial measurements, statistical analysis of the efficacy of the interventions specifically focused on the change in primary outcome measures between baseline and 12 weeks.19,20 Participants with bilateral symptoms were asked to describe the symptoms of their more painful foot (or right foot if they could not determine the more painful foot).21
[bookmark: _Hlk34296941][bookmark: _Hlk177589]The primary outcome measure was the Foot Health Status Questionnaire (FHSQ) pain domain.22 The FHSQ consists of 13 questions that assess foot health in four domains. There are a total of four questions under the pain domain. Questions are scored using a Likert response format and the responses are transformed into a score ranging from 0 to 100 for each domain (with 100 representing optimal foot health).22 Participants were instructed to specifically focus on their big toe joint when answering the questions. The FHSQ has undergone extensive psychometric development22 23 24,25 and has been used previously in clinical trials of interventions for first MTP joint OA.21,26 
[bookmark: _Hlk34296966][bookmark: _Hlk34295423][bookmark: _Hlk34295436]Secondary outcome measures included: (i) foot-related disability (the FHSQ function domain),22 (ii) severity of pain at the first MTP joint while walking over a flat surface and during rest over the past week, (iii) self-reported magnitude of symptom change (using a 15-point Likert scale where the responses range from “a very great deal better” to “a very great deal worse”). This variable was dichotomised, with ‘effective’ defined as “somewhat better” or above,27 (iv) physical activity (the Incidental and Planned Activity Questionnaire),28 (v) health status (the Short-Form-12 Version 2 questionnaire29 and EuroQol questionnaire [EQ-5D-5L]),30 (vi) use of paracetamol rescue medication and cointerventions, documented with a monthly diary.21,26
Biomechanical evaluation
Biomechanical evaluation was performed in a sub-sample of participants to evaluate changes in function of the first MTP joint using the inserts.9 Measurement of first MTP joint motion was performed during walking7 using a 10-camera infrared motion analysis system (Vicon Motion Systems Ltd, Oxford, UK). Two force plates were used to identify gait cycle events. Retro-reflective markers were attached to the foot as required for calculation of first MTP joint kinematics.31 Marker trajectory (100 Hz) and force plate (4,000 Hz) data were collected synchronously using Nexus software (Vicon Motion Systems Ltd, Oxford, UK). Comparisons between intervention groups were made for differences with and without the intervention (shoe-stiffening insert or sham insert).
Adherence
Adherence to the interventions (shoe inserts and rehabilitation therapy) in both groups was assessed at monthly intervals up to 52 weeks via postal survey. For the shoe insert interventions, participants provided information regarding the number of hours per day and number of days that they had worn their inserts during the previous 4 weeks. For the rehabilitation therapy intervention, participants provided information regarding the average number of days per week that they performed their exercises during the previous 4 weeks.
Adverse events 
Adverse events were assessed at monthly intervals up to 52 weeks via postal survey. Participants were asked to document the type of adverse event, the body location, the frequency and/or severity of the effect. Serious adverse events were defined as events that were life-threatening, required hospitalisation, or resulted in persistent or significant disability or incapacity.32 
Sample size
[bookmark: _Hlk55917327]Sample size was determined a priori using SPSS Sample Power 3.0 (IBM Corporation, USA). Using a superiority design (one-sided test), power of 90%, minimal important difference of 12.5 points in the foot pain domain of the FHSQ,27 standard deviation of 16.8,21 assuming a 10% drop-out rate, and a significance level set at α < 0.05, we estimated that 90 participants would be required.
Statistical analysis
Statistical analysis was undertaken using IBM SPSS Statistics version 25.0 (IBM Corp, Armonk, NY, USA) using the intention-to-treat principle.33 Multiple imputation was used to replace missing outcome data using five iterations, with sex, age, baseline scores, and group allocation as predictors. Continuously-scored outcome measures were analysed using analysis of covariance with the intervention group and baseline scores entered as independent variables. Dichotomous-scaled outcome measures were compared using relative risk, risk difference, and number needed to treat (NNT).
Economic evaluation
An economic analysis was undertaken from a health service perspective. Participants documented their health service use, use of cointerventions, days unable to work and impairments in physical activity in the 4 weeks prior to each survey round. Health service encounters were converted to costs.34 The cost-effectiveness analysis estimated the additional cost per participant who achieved a meaningful improvement in the FHSQ pain score.35 The cost-utility analysis used the EQ-5D-5L to generate health-related quality of life utility scores at baseline and each follow-up, which was used to estimate the difference in quality of life across the two groups. An incremental cost per quality-adjusted life year was then derived. Probabilistic sensitivity analysis was conducted using @Risk software (Palisade, NY, USA).
Results
Participant characteristics
[bookmark: _Hlk55918254]Figure 2 shows the flow of participants through the trial. One hundred participants were recruited and randomised (45 men and 55 women, age 24 to 82 years, mean 57.5 [SD 10.3]). Fifty-one participants were allocated to the sham insert group and 49 to the shoe-stiffening insert group. Participants in the two groups had similar baseline characteristics, although the median duration of symptoms differed between the groups (sham insert group: 48 months, shoe-stiffening insert group: 30 months) (Table 1).      
Participant retention
Overall retention rates at each follow-up time point were as follows: 4 weeks (94%), 12 weeks (87%), 24 weeks (80%) and 52 weeks (78%). At the 12 week primary endpoint, there were 13 drop-outs (7 in the sham insert group and 6 in the shoe-stiffening insert group), giving completion rates of 86 and 88%, respectively.
Treatment credibility and expectancy
Participants considered their treatments to be credible and expected to benefit from them. There was no difference in treatment credibility (sham insert group 22.0 [SD 3.8], shoe-stiffening insert group 22.7 [SD 3.3], t=-1.06, p=0.294) or expectancy (sham insert group 18.7 [SD 4.1], shoe-stiffening insert group 19.4 [SD 4.8], t=-1.06, p=0.294) between the two groups (maximum score for each is 27 points). 
Intervention adherence
There was no difference in the total number of hours participants wore their allocated inserts (sham insert group 2,027 [SD 1,102] hours, shoe-stiffening insert group 1,924 [SD 1,224] hours; t=0.36, p=0.721) or the total number of days participants performed their rehabilitation therapy (sham insert group 181 [SD 65] days, shoe-stiffening insert group 176 [SD 60] days, t=0.36, p=0.722). However, there was a decrease in insert and rehabilitation therapy adherence in both groups over the 52 week follow-up period (Supplementary file 1). 
Primary outcome
Figure 3 shows the mean (standard error) FHSQ pain domain scores and Table 2 shows the mean (SD) scores and adjusted mean differences (95% CIs) between groups at baseline and at 4, 12, 24 and 52 weeks follow-up. Both groups demonstrated increases in the FHSQ pain domain score (i.e. less pain) at each follow-up time-point. At the 12 week follow-up (the prespecified primary end-point), there was a significant between-group difference in favour of the shoe-stiffening insert group (ANCOVA adjusted mean difference of 6.66 points, 95% CI 0.65 to 12.67, p=0.030). Improvements in pain at 12 weeks were maintained at 24 and 52 weeks. 
Secondary outcomes
Table 2 shows the mean (SD) scores and adjusted mean differences (95% CIs) between groups for the secondary outcome measures. There were no between-group differences at the 12 week follow-up for any of these measures. However, the perception of global improvement at 12 weeks, defined as at least moderate improvement (score ≥ 4) on the 15-point Likert scale, was higher in the shoe-stiffening insert group (61 versus 34%, RR 1.73, 95% CI 1.05 to 2.88, p=0.033). The NNT was 4 (95% CI 2 to 16).
Complete case analysis produced similar results to the imputed dataset for all outcome measures (Supplementary file 2).  
Biomechanical evaluation
Biomechanical evaluation data were available for a sub-sample of 48 participants (23 in the sham insert group and 25 in the shoe-stiffening insert group, mean age 57.8 years, SD 10.8). Compared to the shoe only condition, maximum first MTP joint dorsiflexion during gait was reduced by 0.5 (SD 2.0) degrees with the sham insert and 3.8 (SD 4.1) degrees with the shoe-stiffening insert (adjusted mean difference -3.1, 95% CI -4.8 to -1.4, p<0.001). See Figure 4.
Economic analysis
Mean costs incurred by participants in the sham insert group and shoe-stiffening insert group over the 52 week follow-up period were AU$219 (SD 217) and 270 (SD 111), respectively (cost difference AU$51, 95% CI -18 to 120; p=0.144). The additional cost per participant who achieved a meaningful improvement in the FHSQ pain score was AU$86 (95% CI 37 to 135; p=0.001). The QALY difference was 0.0039 in favour of the shoe-stiffening insert group. The resulting incremental cost effectiveness ratio was AU$12,980 per QALY gained, with a 55% probability of the insert being cost-effective at willingness-to-pay thresholds greater than $6,500 per QALY gained. The cost effectiveness plane and acceptability curves are provided in Supplementary file 3. 
Use of co-interventions
There were no statistically significant between-group differences in the proportion of participants who used cointerventions (Supplementary file 4).
Adverse events
There were no serious adverse events. The most common adverse events were pain or soreness within the feet, back or hips. There were no statistically significant between-group differences in the proportion of participants reporting at least one adverse event at any time-point (see Supplementary file 5). However, there was an increased likelihood of foot pain (other than first MTP joint pain) during the first 12 weeks (50 versus 28%, RR 1.79, 95% CI 1.05 to 3.03, p=0.032) for the shoe-stiffening insert group. Overall, six participants (three from each group) withdrew from the trial due to adverse events (five for foot pain and one for back pain).
Discussion 
The objective of this study was to evaluate the efficacy of carbon-fibre shoe-stiffening inserts in reducing pain in individuals with first MTP joint OA.  We found that shoe-stiffening inserts were more effective than sham inserts at reducing joint pain, with the number needed to treat indicating that for every four participants treated with the inserts, one would achieve a successful treatment outcome. Adherence to the shoe-stiffening inserts was very good and no serious adverse events were reported. When viewed from a health service perspective, the shoe-stiffening inserts were considered cost-effective according to the UK National Institute for Health and Care Excellence threshold.36

[bookmark: _Hlk55914410]The primary outcome measure improved in both groups throughout the trial, with the adjusted mean difference favouring the shoe-stiffening insert group at at all follow-up periods. At 12 weeks – our pre-specified primary endpoint – the adjusted mean difference was 7 points, which is less than the recently reported minimal clinically important difference of 11 points35 and had a wide confidence interval. Due to this uncertainty, some individuals may not experience a clinically worthwhile improvement. However, the perception of global improvement at 12 weeks was higher in the shoe-stiffening insert group (61 versus 34%, RR 1.73, 95% CI 1.05 to 2.88), and the associated NNT was 4 (95% CI 2 to 16), meaning that for every four participants treated with shoe-stiffening inserts, one would achieve a successful treatment outcome. Of note, the adjusted mean difference was 11 points at the 4 week follow-up, suggesting that the inserts may achieve their peak effectiveness earlier than we expected but then lose some of their effectiveness over time. This could be partly explained by different patterns of adherence between the groups. At the 4 week follow-up, participants reported wearing their shoe-stiffening inserts for an average of 177 hours every 4 weeks, while at the 12 week follow-up, this had reduced to 155 hours every 4 weeks. In contrast, adherence in the sham insert group remained stable (approximately 179 hours every 4 weeks) up to 12 weeks.

The biomechanical sub-study showed that peak first MTP joint dorsiflexion, which occurs just prior to toe-off during the propulsive phase of the gait cycle,37 was significantly reduced in the shoe-stiffening insert group, but not in the sham insert group. This is the intended effect of shoe-stiffening inserts and may decrease the degree of compression at the dorsal aspect of the joint, which is considered to be responsible for joint space narrowing, cartilage erosion and osteophyte formation associated with this condition.3 The relationship between changes in first MTP joint kinematics resulting from inserts and the degree of symptomatic improvement has yet to be explored, but as with mechanical treatments for knee OA (such as lateral wedging38 and bracing39), such an analysis would assist in identifying participants who are most likely to benefit. 

Adverse events, although common in both groups, were generally minor. The shoe-stiffening insert group were more likely to report new onset foot pain (other than first MTP joint pain) during the first 12 weeks, and 3 participants withdrew from the trial for this reason. In our pilot study,8 we found that 13% of participants developed new onset foot pain while wearing the shoe-stiffening insert, which we attributed to the stiffness of the inserts leading to an increase in weight-bearing pressure under the foot.40 However, it is also possible that the shoe-stiffening inserts created problems with shoe fit, leading to foot pain in some participants. Future studies should evaluate whether plantar pressures can be further reduced with softer covering materials.

These findings make an important contribution to the limited evidence base for interventions for first MTP joint OA. Our Cochrane review in 20104 found only one randomised trial of physical therapy,17 and only three additional trials of intra-articular hyaluronan,26 foot orthoses and rocker-soled footwear,21 and a synthetic cartilage implant41 have since been undertaken. The improvement we observed in the insert group at 12 weeks (23 points on the FHSQ) is similar to that previously reported with rocker-sole footwear (22 points)21 and greater than prefabricated foot orthoses (17 points)21 or intra-articular hyaluronan (12 points).26 Given that the appearance of rocker-sole footwear limits acceptability and adherence, it could be argued that on the basis of the available evidence, shoe-stiffening inserts should be considered the non-surgical treatment of choice for first MTP joint OA.

Key strengths of this trial include the rigorous design, incorporating participant blinding, a credible sham comparator, adequate statistical power, and excellent retention over a relatively long follow-up period. However, our findings need to be intepreteted in the context of several limitations. First, as is the case with all mechanical intervention/device trials, our control intervention cannot be considered truly inert, so is best considered a sham rather than a placebo.42 We designed the sham insert so it appeared to be a credible treatment, while having as little biomechanical effect as possible. Although our biomechanical analysis confirmed that the sham insert had negligible effects on first MTP joint dorsiflexion, we cannot rule out other biomechanical effects that may have contributed to the improvement observed in the sham group. Second, due to the nature of the interventions, research staff administering the shoe inserts could not be blinded to group allocation. Finally, our participants were volunteers recruited from the general community, so may not necessarily reflect the profile of patients who present with this condition in primary care. However, participant characteristics were very similar to those reported in a population-based study conducted in the UK.3

[bookmark: _Hlk55918696]In conclusion, in individuals with first MTP joint OA, shoe-stiffening inserts are more effective than sham inserts at reducing joint pain, and are cost-effective from a health service perspective. These findings support the use of shoe-stiffening inserts as an effective non-surgical management approach for first MTP joint OA, with the caveat that the minimum important difference in the primary outcome measure was not achieved at the 12 week follow-up and the confidence interval was wide, suggesting that some individuals may not experience a clinically worthwhile improvement. Future studies should investigate methods for improving comfort of the inserts to optimise adherence and potentially extend the duration of their effectiveness.
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Figure legends
Figure 1. Sham inserts (left) and carbon fibre shoe-stiffening inserts (right) used in the trial. Upper images show superior view, lower images show inferior view.

Figure 2. Flow of participants through the trial.

Figure 3. Mean (standard error) Foot Health Status Questionnaire (FHSQ) pain scores in the sham insert and shoe-stiffening insert groups. Higher scores represent less pain.

Figure 4. First metatarsophalangeal joint dorsiflexion during walking in the sham insert group (top) and shoe-stiffening insert group (bottom). 


Table 1. Participant characteristics at baseline. Values are mean (SD) unless otherwise noted.

	
	Sham insert group (n=51)
	Shoe-stiffening insert group (n=49)

	Demographics and anthropometrics
	
	

	Age – years
	56.1 (9.9)
	59.0 (10.7)

	Female – n (%)
	29 (56.9)
	26 (53.1)

	Height – cm
	169.0 (8.9)
	167.5 (7.3)

	Weight – kg
	79.6 (11.3)
	79.2 (14.6)

	Body mass index – kg/m2
	28.0 (4.3)
	28.3 (4.9)

	General health
	
	

	SF-12 – physical
	45.9 (9.1)
	46.8 (9.9)

	SF-12 – mental
	54.0 (9.1)
	53.0 (9.3)

	Total physical activity – hours / week (IPAQ)
	13.8 (9.9)
	13.1 (11.1)

	Clinical features
	
	

	Pain duration – months, median (range)
	48.0 (4 – 432)
	30.0 (3 – 264)

	Foot Posture Index – mean (SD) [range]
	3.5 (2.6) [-1 – 10]
	4.3 (2.6) [-2 – 9]

	Maximum 1st MTP joint dorsiflexion – degrees
	44.6 (11.3)
	45.7 (11.2)

	Pain on palpation – n (%)
	51 (100.0)
	49 (100.0)

	Palpable dorsal exostosis – n (%)
	51 (100.0)
	48 (98.0)

	Pain on motion of 1st MTP joint – n (%)
	43 (84.3)
	33 (67.3)

	Hard-end feel when dorsiflexed – n (%)
	49 (96.1)
	45 (91.8)

	Crepitus – n (%)
	11 (21.6)
	12 (24.5)

	Radiographic features – n (%)*†
	
	

	Dorsal osteophytes
	47 (95.9)
	45 (97.8)

	Dorsal joint space narrowing
	44 (89.8)
	42 (91.3)

	Lateral osteophytes
	46 (93.9)
	42 (93.3)

	Lateral joint space narrowing
	46 (93.9)
	41 (91.1)

	Radiographic 1st MTP joint OA‡
	44 (89.8)
	42 (91.3)

	SF-12=Short Form 12 Health Survey; IPAQ=International Physical Activity Questionnaire; MTP=metatarsophalangeal; OA=osteoarthritis
[bookmark: _Hlk34295335]* score >0 using La Trobe Radiographic Atlas16
† x-ray data not available for 5 participants
‡ at least one score of 2 for osteophytes or joint space narrowing from either view, using case definition from La Trobe Radiographic Atlas16





Table 2. Primary and secondary outcome measures at baseline and follow-up. Values are mean (SD).

	[bookmark: _Hlk10212841]
	Sham insert group (n=51)
	Shoe-stiffening insert group (n=49)
	Adjusted mean difference (95% CI)*
	p

	FHSQ – pain domain†
	
	
	
	

	Baseline
	47.8 (17.1)
	47.1 (16.3)
	
	

	4 weeks
	56.2 (18.6)
	66.6 (19.8)
	10.79 (4.33, 17.26)
	

	12 weeks
	63.8 (17.4)
	70.1 (17.3)
	6.66 (0.65, 12.67)
	0.030

	24 weeks
	64.7 (20.1)
	74.1 (21.1)
	9.59 (2.00, 17.18)
	

	52 weeks
	66.4 (23.1)
	73.1 (18.9)
	6.97 (-0.60, 14.53)
	

	FHSQ – function domain†
	
	
	
	

	Baseline
	67.8 (23.4)
	64.9 (23.3)
	
	

	4 weeks
	76.9 (19.8)
	79.8 (17.2)
	3.71 (-1.62, 9.04)
	

	12 weeks
	81.0 (19.2)
	84.9 (17.3)
	4.36 (-2.36, 11.08)
	0.202

	24 weeks
	81.1 (17.5)
	87.9 (16.8)
	7.11 (0.98, 13.24)
	

	52 weeks
	82.7 (23.5)
	85.6 (20.1)
	3.31 (-4.58, 11.20)
	

	Pain severity while walking - VAS‡
	
	
	
	

	Baseline
	51.8 (15.6)
	50.8 (14.9)
	
	

	4 weeks
	39.0 (21.2)
	31.7 (21.0)
	-6.70 (-14.13, 0.72)
	

	12 weeks
	33.0 (24.9)
	26.1 (22.9)
	-6.49 (1.75, -15.94)
	0.175

	24 weeks
	28.8 (23.3)
	19.2 (19.0)
	-9.46 (-18.44, -0.48)
	

	52 weeks
	26.1 (23.2)
	19.7 (22.8)
	-6.17 (-14.51, 2.16)
	

	Pain severity at rest - VAS‡§
	
	
	
	

	Baseline
	27.3 (19.9)
	29.9 (17.0)
	
	

	4 weeks
	22.6 (21.6)
	20.7 (19.1)
	-3.23 (-10.7, 4.27)
	

	12 weeks
	13.9 (15.0)
	14.5 (16.4)
	0.08 (-5.01, 6.06)
	0.516

	24 weeks
	18.2 (20.7)
	12.8 (19.1)
	-5.73 (-12.76, 1.31)
	

	52 weeks
	16.8 (20.7)
	14.9 (21.9)
	-2.31 (-10.76, 6.14)
	

	Physical activity - IPAQ§
	
	
	
	

	Baseline
	13.8 (9.9)
	13.2 (11.1)
	
	

	4 weeks
	15.8 (12.0)
	14.1 (10.6)
	-1.31 (-5.11, 2.49)
	

	12 weeks
	14.4 (13.5)
	16.3 (15.0)
	2.28 (-2.94, 7.50)
	0.878

	24 weeks
	15.0 (13.9)
	14.5 (11.8)
	0.01 (-3.95, 3.96)
	

	52 weeks
	13.8 (11.3)
	15.3 (11.3)
	1.82 (-2.00, 5.63)
	

	SF12 - physical†
	
	
	
	

	Baseline
	45.9 (9.1)
	46.8 (9.9)
	
	

	4 weeks
	48.2 (8.5)
	48.5 (10.4)
	-0.35 (-2.97, 2.27)
	

	12 weeks
	46.6 (9.7)
	50.0 (9.2)
	2.74 (-0.34, 5.83)
	0.081

	24 weeks
	49.5 (8.7)
	50.0 (11.6)
	-0.12 (-3.45, 3.21)
	

	52 weeks
	49.6 (8.6)
	49.5 (9.5)
	-0.68 (-3.65, 2.30)
	

	SF12 - mental†
	
	
	
	

	Baseline
	54.0 (9.1)
	53.0 (9.3)
	
	

	4 weeks
	52.7 (9.1)
	53.3 (9.4)
	1.13 (-1.68, 3.95)
	

	12 weeks
	53.2 (9.2)
	53.3 (10.1)
	1.57 (-2.41, 3.80)
	0.658

	24 weeks
	53.9 (8.4)
	52.1 (9.7)
	-1.20 (-3.86, 1.46)
	

	52 weeks
	53.1 (10.3)
	52.8 (9.9)
	0.37 (-2.86, 3.60)
	

	EQ-5D-5L VAS†
	
	
	
	

	Baseline
	76.0 (15.7)
	80.1 (13.7)
	
	

	4 weeks
	77.5 (15.5)
	80.8 (13.3)
	-0.05 (-0.35, 0.25)
	

	12 weeks
	80.1 (11.9)
	82.8 (15.2)
	0.95 (-3.81, 5.71)
	0.692

	24 weeks
	80.1 (15.3)
	81.8 (13.8)
	-0.48 (-5.19, 4.24)
	

	52 weeks
	80.8 (16.1)
	80.6 (18.5)
	-1.76 (-8.42, 4.89)
	

	FHSQ=Foot Health Status Questionnaire; VAS=visual analog scale; SF-12=Short Form 12 Health Survey; IPAQ=International Physical Activity Questionnaire; EQ-5D-5L VAS=EuroQol 5 dimension-5-level visual analogue scale
* adjusted for baseline score and intervention group using analysis of covariance
† higher scores indicate better symptoms/function
‡ higher scores indicate worse symptoms
§ data skewed so analysis performed on log transformed variable



  
