Abstract
Background
Hallux valgus is a common condition where the subluxation of the first metatarsophalangeal joint and lateral deviation of the hallux at the interphalangeal joint creates difficulty with footwear fit. Footwear and foot orthoses are commonly prescribed nonsurgical treatments for hallux valgus.
Research question
Do extra-width footwear and foot orthoses influence peak pressure at the medial aspect of the metatarsophalangeal and interphalangeal joints in women with hallux valgus?
Methods
Community-dwelling women with symptomatic hallux valgus underwent gait testing when wearing their own shoes and when wearing extra-width footwear fitted with three-quarter length, arch-contouring prefabricated foot orthoses. Peak pressure (kPa) on the medial aspect of the metatarsophalangeal and medial interphalangeal joints and on the plantar surface of the foot (hallux, lesser toes, metatarsophalangeal joint 1, metatarsophalangeal joints 2-5, midfoot and heel) were measured using the novel pedar-X system with the pedar pad and pedar insole, respectively (Novel, GmbH, Munich, Germany). Paired samples t-tests were used to calculate the differences between the two conditions, and the magnitude of observed differences was calculated using Cohen’s d.
Results
We tested 28 participants (aged 44 to 80 years, mean 60.7, standard deviation 10.7). Compared to their own footwear, wearing the intervention footwear and orthoses was associated with a statistically significant decrease in pressure on the medial aspect of the metatarsophalangeal joint (58.3 ± 32.8 versus 42.6 ± 32.8, p=0.026, d=0.49), increased pressure under the midfoot (70.7 ± 25.7 versus 78.7 ± 23.6, p=0.029, d=0.33) and decreased pressure underneath the heel (137.3 ± 39.0 versus 121.3 ± 34.8, p=0.019, d=0.45). 
Significance
The intervention footwear and orthoses significantly decreased peak pressure on the medial aspect of the first metatarsophalangeal joint but had no significant effect on the interphalangeal joint. Further studies are required to determine whether these changes are associated with improvements in symptoms associated with hallux valgus.
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1. Introduction
Hallux valgus is a common and disabling condition in which the first metatarsophalangeal joint is progressively subluxed and the hallux becomes laterally deviated towards the lesser toes [1]. Affecting approximately one in three people over the age of 65 years [2], hallux valgus creates difficulties with finding comfortable footwear [3] and increases the risk of falls [4]. Many cases eventually require surgery to realign the joint, however nonsurgical intervention is preferred as a first line treatment for the initial management of symptoms [5]. Nonsurgical management may involve changing footwear, foot exercises, and the use of devices such as foot orthoses, toe spacers and splints [6]. Typically, these interventions are used in combination by health professionals [7].
The effectiveness of nonsurgical management of hallux valgus is unclear. A recent systematic review [6] found only limited evidence to support the use of nonsurgical interventions, with most studies having small sample sizes and short follow-up periods. However, there appears to be some evidence to support the use of footwear and foot orthoses to reduce pressure on the first metatarsophalangeal joint. Footwear with a narrow toe box may predispose to hallux valgus by placing excessive pressure on the medial aspect of the metatarsophalangeal and interphalangeal joints [8, 9], so changing footwear to that with a rounded toe box [10] or flexible upper [11, 12] may be beneficial. Similarly, foot orthoses may be effective at reducing symptoms of hallux valgus [13] by decreasing plantar pressures beneath the hallux [14].
[bookmark: _Hlk155694469]One study has examined the effect of footwear on medial pressure in people with hallux valgus. In 18 women, Saeedi et al [11] used a discrete sensor system and measured hallux interphalangeal and metatarsophalangeal joint pressure while participants walked in their own shoes, shoes with a flexible upper and shoes with a rounded toe box. The authors found that medial hallux pressures were significantly decreased and comfort ratings were higher when participants wore the shoes with a flexible upper, suggesting that this type of shoe may be beneficial when managing hallux valgus.   
[bookmark: _Hlk155693325]No studies, however, have examined the effects of footwear and orthoses on foot pressures when used in combination. Therefore, as part of a larger pilot and feasibility trial [15, 16], the objective of this study was to determine whether the combination of footwear featuring an extra-wide and pliable upper, and prefabricated foot orthoses, compared to usual footwear, influence peak medial and plantar pressures during walking in a population of women with symptomatic hallux valgus.
2. Methods
[bookmark: _Hlk100143872]2.1. Study design 
[bookmark: _Hlk154066133]This study uses data collected as part of the multifaceted intervention for hallux valgus (MARVELL) trial, which was a parallel group, participant- and assessor-blinded, randomised pilot and feasibility trial conducted over 12 weeks [15, 16]. Ethical approval was obtained from the La Trobe University Human Ethics Committee (reference number: HEC20474). The full study protocol has already been published [15] and key components are reproduced here. For this study, we used data collected at the study timepoint where each group were fitted with their intervention footwear and orthoses (baseline for the intervention group and at 12 weeks for control group). As such, both groups were assessed for immediate changes. For the purpose of this analysis, the intervention and control groups were combined.
2.2. Participants
Twenty-eight participants were recruited from Melbourne, Victoria, Australia. To be eligible for inclusion, participants: (i) were aged ≥40 years, (ii) were female, (iii) had pain in the big toe joint/s for at least 12 weeks, (iv) had big toe joint pain rated at least 3 out of 10 on a numerical rating scale, (v) were able to walk household distances, (vi) were capable of understanding the English language, and (vii) had at least moderate hallux valgus on one or both feet [17]. Participants were not eligible for inclusion if they self-reported: (i) surgical treatment for hallux valgus on either foot, (ii) lower limb or partial foot amputation, (iii) an inflammatory rheumatological condition or connective tissue disease, (iv) a neurological disease which interfered with walking, (v) having worn arch-contouring foot orthoses in the past 12 weeks, (vi) performing foot exercises in the past 12 weeks, or (vii) an injury of lower limb(s) or spine that may interfere with reaching their feet. 
2.3. Sample size
The sample size of this study was determined by the larger pilot and feasibility trial [15, 16]. The recommended sample size for feasibility and pilot studies is 12 people per group [18], however to allow for a 15% drop-out rate, we recruited 28 participants.
2.4. Baseline assessments
Participant characteristics were collected by structured interview at the baseline assessment and included age, height, weight, country of birth, education level, ethnicity, major medical conditions, and medications. The following assessments were also conducted: health-related quality of life (using the Short Form 12 health survey) [19], physical activity (using the Incidental and Planned Activity Questionnaire) [20], foot pain (using the Manchester-Oxford Foot Questionnaire) [21] and hallux valgus severity (using the Manchester scale) [17].
2.5. Intervention
Participants were tested in enclosed footwear they wore most often and in the intervention footwear and orthoses. For the intervention condition, participants were provided with off-the-shelf extra-width footwear (Anodyne 45 Sport Jogger; Global Footcare, Coomera, Queensland, Australia) (Figure 1). This footwear was selected as it has an extra-wide toe box and pliable upper material to alleviate pressure on the metatarsophalangeal and interphalangeal joints. The footwear was fitted by a registered podiatrist (PQXL) using the Brannock device to measure foot length and width [22]. They were also provided with prefabricated Formthotics (Foot Science International, Christchurch, New Zealand). These orthoses were arch-contouring and three-quarter length, constructed from dual-density, closed-cell polyethylene foam (bottom layer 140 kg/m3, top layer 60 kg/m3) (Figure 2). We used the three-quarter length devices as they have been found to be less likely to increase dorsal/medial pressure from footwear compared to full-length devices [23], and consistent with manufacturer’s guidelines, we used a heat-gun to warm the devices prior to fitting.
2.6. Peak pressure assessment
[bookmark: _Hlk154065806]Peak pressures (kPa) on the medial aspect of the first metatarsophalangeal and interphalangeal joints were measured with the pedar pad, a strap of 56 sensors with an active area of 70 × 160 mm2 and resolution of 0.5 sensors/cm2. The strap is elastic allowing it to follow the contour of the forefoot when placed inside the footwear. Once the sensor was secured in place between the medial border of the foot and the footwear (using adhesive tape and socks), participants were asked to perform 4 × 6 metre walking trials at their self-selected comfortable speed. To minimise the confounding effect of different walking speeds on pressure data [24], a trial was repeated if the walking speed differed by more than 5% of the original trial. Four steps were taken from the middle of each trial (ignoring acceleration and deceleration steps), as this number of steps has been shown to provide reliable measurements [25]. The total sensor area was manually divided into two mask regions corresponding to the metatarsophalangeal and interphalangeal joints (12 and eight sensors, respectively). Simultaneously, peak plantar pressures were measured at six locations using masking software (hallux, lesser toes, metatarsophalangeal joint 1, metatarsophalangeal joints 2-5, midfoot and heel) with the pedar-x in-shoe plantar pressure system (Novel GmbH, Munich, Germany). The pedar-X consists of 99 sensors embedded within a thin flexible insole. The pedar-X has been demonstrated to be a valid and reliable in-shoe pressure measurement system [26-29]. Pedar pad and pedar insole data were processed using Novel Scientific Software Version 23 (Novel, GMBH, Munich, Germany). The sampling frequency of the system was 50 Hz. Walking speed was measured directly with a stopwatch and documented in metres/second. As this study was conducted during a pilot trial, it was not possible to randomise the order of presentation of the own footwear and intervention conditions, so all participants wore their own footwear first.
2.7. Statistical analysis
Only the index (most symptomatic) foot was analysed. Data were entered into Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) and then transferred to IBM SPSS Statistics version 26.0 (IBM Corporation, NY, USA) for analysis. All distributional assumptions (normality for continuous data) for each variable were assesses using both graphical outputs (histograms, box plots, P–P plots, Q–Q plots) and statistical tests (Shapiro–Wilk test, Kolmogorov–Smirnov test, skewness, kurtosis). Extreme outlier values (defined in SPSS as those who lie outside of the following ranges: third quartile + 3×interquartile range or first quartile – 3×interquartile range) were identified and removed. Descriptive statistics were used to report peak pressures at the medial aspect of the first metatarsophalangeal and hallux interphalangeal joints and plantar hallux, lesser toes, metatarsophalangeal joint 1, metatarsophalangeal joints 2-5 and midfoot in participants’ own footwear and in the intervention footwear and orthoses. Paired t-tests were used to compare peak pressures between the two conditions (own footwear and intervention footwear and orthoses), and mean differences and p values were reported. Effect  sizes  for  between-condition  comparisons  were  calculated  using  Cohen’s  d and were interpreted  as follows:  < 0.1 = tiny,  0.1 to < 0.2 = very  small,  0.2 to < 0.5 = small,  0.5 to < 0.8 = medium,  0.8 to < 1.2 = large,  1.2 to 2 = very large,  > 2 = huge [30].
3. Results
3.1. Participant characteristics 
Between July 8, 2021, and April 22, 2022, we assessed 89 potential participants for eligibility and then tested 28 participants (aged 44 to 80 years, mean 60.7, standard deviation 10.7). Characteristics of participants are shown in Table 1. Overall, this was a well-educated sample with similar general health as those with medical conditions in the Australian population [31, 32].
3.2. Peak pressure comparisons
[bookmark: _Hlk155692950]Walking speed did not differ between the two conditions (own shoes 1.07 m/sec ± standard deviation 0.15 versus intervention shoes 1.07 ± 0.15, p=0.259). Differences in peak pressure between the two conditions are shown in Table 2. Compared to wearing their own shoes, wearing the intervention footwear and arch-contouring orthoses resulted in significantly decreased peak pressure at the medial aspect of the first metatarsophalangeal joint (58.3 ± 32.8 versus 42.6 ± 32.8, p=0.026), increased peak pressure at the midfoot (70.7 ± 25.7 versus 78.7 ± 23.6, p=0.029), and decreased peak pressure at the heel (137.3 ± 39.0 versus 121.3 ± 34.0, p=0.019). Effect sizes (Cohen’s d) ranged from 0.07 (tiny) to 0.49 (small) for these statistically significant differences. A summary of the peak pressures for each condition and the mean differences between conditions is shown in Figure 3. The number (%) of participants who experienced an increase or decrease in peak pressure consistent with the group average was as follows: medial hallux interphalangeal joint (12; 43%), medial first metatarsophalangeal joint (15; 54%), hallux (15; 54%), lesser toes (16; 57%), metatarsophalangeal joint 1 (9; 32%), metatarsophalangeal joints 2-5 (14; 50%), midfoot (19; 68%) and heel (17; 61%).
4. Discussion
[bookmark: _Hlk154065933]The objective of this study was to determine whether extra-width footwear and prefabricated arch-contouring foot orthoses decrease peak pressure at the medial metatarsophalangeal and interphalangeal joints compared to usual footwear in people with hallux valgus. To do this, we documented peak pressure while women with moderate to severe symptomatic hallux valgus recruited for a larger trial [15, 16] walked in both their own footwear, and an intervention consisting of extra-wide footwear and prefabricated arch-contouring foot orthoses. We found that the intervention significantly decreased peak pressure at the medial aspect of the first metatarsophalangeal joint but had negligible effects on peak pressure at the medial aspect of the interphalangeal joint. We also found that the intervention significantly increased peak plantar pressure at the midfoot and significantly decreased peak plantar pressure at the heel. Our study is novel as it is the first to use the pedar pad for this purpose, and the first to examine whether a combination of footwear and foot orthoses influences peak medial and plantar pressures.
[bookmark: _Hlk155690092][bookmark: _Hlk155690118]We decided to use the pedar pad to measure medial metatarsophalangeal and interphalangeal joint pressure due to practical constraints associated with the placement and fixation of discrete sensors [11, 12]. The advantage of using the pedar pad is that small movements are allowable between the foot and the sensor without appreciably altering the measurement, as we measured peak pressure within two mask regions (corresponding to the metatarsophalangeal and interphalangeal joints). The disadvantage of our approach, however, is that the pedar pad, though flexible, is bulkier than discrete sensors and was difficult to adhere to the foot in participants who wore very tight shoes.  
The intervention footwear was selected as it accommodates hallux valgus deformity due to the extra-wide toe box and pliable upper material. The changes in pressure we observed with the intervention footwear are similar to Branthwaite et al [12] who used an individual sensor system and found that medical grade footwear decreased medial first metatarsophalangeal joint pressure but not hallux interphalangeal joint pressure compared to participants’ own footwear [12]. Interestingly, these authors also found that a round toe box, as featured in our intervention, was associated with lower peak pressure than a square or pointed toe box at both the metatarsophalangeal and interphalangeal joints in healthy young women [10]. Although both of these studies involved people without hallux valgus, a similar study by Saeedi et al [11] reported that metatarsophalangeal and interphalangeal joint pressures in those with hallux valgus were lower when walking in footwear with a compliant upper compared to their usual shoes. Taken together, these findings suggest that people with hallux valgus should wear footwear with a rounded toe box and flexible upper, along with arch-contouring orthoses, if a reduction in medial first metatarsophalangeal joint pressures is desirable, although it is uncertain whether this will also reduce medial hallux interphalangeal joint pressure.
[bookmark: _Hlk155688254][bookmark: _Hlk155688330][bookmark: _Hlk155688430]Our findings from the pedar insole data, which primarily measure the effects of the foot orthoses,  are largely consistent with the literature, which indicate that wearing orthoses leads to reduced pressure under the heel [33-39] but increased pressure under the midfoot [35, 38, 40, 41] and toes [35, 38]. This appears to be a generic effect of contoured orthoses, as it has been observed in a range of population groups, including young people [36, 38], older people [33, 39], and those with specific foot conditions such as osteoarthritis [34, 35, 40, 41] and diabetes [37]. Whether these changes are therapeutically beneficial for hallux valgus needs further study. However, the increased plantar pressure we observed under the midfoot seems to be related to the arch support provided by the contoured foot orthoses [36], and increased pressure underneath the toes has been associated with improvements in propulsion [35, 42]; both factors that are considered to be beneficial.
The clinical benefits of a nonsurgical approach to the management of hallux valgus remain uncertain. A randomised trial by Torkki et al [43] found that arch-contouring foot orthoses provided only short-term relief compared to surgery, whereas Nakagawa et al [13] reported that foot orthoses decreased pain over two years in people with hallux valgus. The role of footwear is also unclear, as while wearing shoes with a narrow toe box between the ages of 20 and 29 years seems to be associated with both prevalence and incidence of hallux valgus [8, 9], there are no controlled studies which have shown that changing footwear is beneficial. Indeed, our recent meta-analysis [6] indicated a low level of certainty surrounding the effectiveness of nonsurgical interventions, due largely to small sample sizes and short duration of follow-up. Longer-term follow-up of the study from which our data are derived may provide answers to whether nonsurgical management is worthwhile.
Our findings need to be considered in the context of several methodological limitations. First, due to the nature of the study design we were unable to randomise the presentation of the two conditions, so all participants were tested in their own footwear first. This prevented us from addressing learning or fatigue effects, although the fact that walking speed did not differ between the two conditions partly ameliorates this concern. Second, participants wore a wide range of shoes for the ‘own footwear’ comparison. We selected not to standardise this as participants were recruited as part of a pilot randomised trial, and we wanted to see whether a generic intervention would change their ‘usual’ peak pressures when walking. Hence, our findings are more generalisable. Third, we only assessed women, but we acknowledge that men also develop hallux valgus [9] and that our findings may differ in men as they are less likely to wear shoes with a narrow toe box [44]. Finally, as the intervention consisted of footwear and arch-contouring foot orthoses, it is not possible to delineate the independent effects of each component of the intervention.
5. Conclusion
Extra-width footwear and prefabricated foot orthoses, when used in combination, significantly decrease peak pressure on the medial aspect of the first metatarsophalangeal joint, so are likely to reduce loading of this joint in people with hallux valgus. However, no significant differences between the own footwear and intervention conditions were observed in relation to the hallux interphalangeal joint. Further studies are required to determine whether these changes are associated with improvements in symptoms associated with hallux valgus. 
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	Figure 1. Intervention footwear (Anodyne 45 Sport Jogger; Global Footcare, Coomera, Queensland, Australia).
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Figure 2. Intervention foot orthoses (dual-density, three-quarter length Formthotics).

	







Figure 3. A summary of the peak pressures for each condition (own footwear and intervention) and mean differences for each mask region. Changes in pressure were statistically significant for the medial aspect of the metatarsophalangeal joint, the midfoot, and the heel. 

Table 1. Participant characteristics. Values are mean (SD) unless otherwise stated.

	Characteristic
	Value

	Age, years
	60.7 (10.7)

	Height, cm
	160.1 (6.9)

	Weight, kg
	69.8 (11.3)

	Body mass index, kg/m2
	27.2 (4.2)

	Education level, n (%)
	

	Primary
	1 (3.6)

	Secondary
	8 (28.6)

	Tertiary
	7 (25.0)

	College / university / postgraduate
	12 (43.0)

	Ethnicity, n (%)
	

	Oceanian*
	13 (46.4)

	North African
	4 (14.3)

	Anglo-Indian
	2 (7.1)

	South-East Asian
	2 (7.1)

	Southern and Central Asian
	2 (7.1)

	Southern and Eastern European
	2 (7.1)

	Sub-Saharan African
	1 (3.6)

	North-West European
	1 (3.6)

	United Kingdom 
	1 (3.6)

	Medical conditions, n (%)
	

	Hypertension
	9 (32.1)

	Osteoarthritis
	9 (32.1)

	Heart disease
	3 (10.7)

	Cancer
	2 (7.1)

	Leg ulcers
	1 (3.6)

	Use of 4 medications
	6 (21.4)

	General health
	

	SF12 physical
	44.8 (11.0)

	SF12 mental
	48.7 (8.9)

	Incidental physical activity, total hours / week 
	40.3 (21.2)

	Foot pain
	

	MOXFQ pain
	55.0 (20.5)

	MOXFQ standing/walking
	40.6 (28.2)

	MOXFQ social
	41.3 (25.4)

	MOXFQ total
	45.3 (22.4)

	Pain elsewhere in the foot, n (%)
	18 (64.3)

	Hallux valgus, n (%)
	

	Side affected (both / left / right)
	23 (82.1) / 1 (3.6) / 4 (14.3)

	Index foot (right / left)
	18 (64.3) / 10 (35.7)

	Moderate (Manchester scale = 2)
	19 (67.9)

	Severe (Manchester scale = 3)
	9 (32.1)

	SF12: Short Form 12 Health Survey
MOXFQ: Manchester Oxford Foot Questionnaire
*all identified as Australian
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Table 2. Effects of intervention on peak pressure parameters (kPa).
	Mask
	Own footwear
mean (SD)
	Intervention
mean (SD)
	Mean difference (95% CI)
	p
	d
	Interpretation*

	[bookmark: _Hlk155691831]Medial hallux IP joint
	91.3 (41.8)
	87.4 (69.2)
	-3.9 (-34.7 to 26.9)
	0.398
	0.07
	tiny 

	Medial first MTP joint
	58.3 (32.8)
	42.6 (32.8)
	-15.7 (-31.5 to 0.1)
	0.026
	0.49
	small 

	Hallux
	104.4 (50.7)
	127.2 (68.7)
	22.8 (-11.0 to 56.6)
	0.089
	0.38
	small 

	Lesser toes
	113.5 (59.9)
	138.1 (79.2)
	24.6 (-10.5 to 59.8)
	0.081
	0.36
	small 

	MTP joint 1
	118.1 (35.4)
	124.4 (61.6)
	6.3 (-15.6 to 28.4)
	0.278
	0.13
	very small 

	MTP joints 2-5
	145.5 (57.5)
	152.4 (52.5)
	6.9 (-21.0 to 34.9)
	0.307
	0.13
	very small 

	Midfoot
	70.7 (25.7)
	78.7 (23.6)
	8.0 (-0.3 to 16.4)
	0.029
	0.33
	small 

	Heel
	137.3 (39.0)
	121.3 (34.0)
	-16.1 (-31.1 to -1.0)
	0.019
	0.45
	small 

	SD = standard deviation, IP = interphalangeal, MTP = metatarsophalangeal, CI = confidence interval
*according to Sawilowsky’s interpretation of Cohen’s d (d < 0.1: tiny, 0.1 ≤ d < 0.2: very small, 0.2 ≤ d < 0.5: small, 0.5 ≤ d < 0.8: medium, 0.8 ≤ d < 1.2: large, 1.2 ≤ d < 2: very large, d  2:  huge) [30].
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