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Background: Rigid-rocker shoes may induce gait instability in diabetics, however, is not clearly investigated. The present study investigates if rigid-rocker shoes influence diabetic gait stability.
Methods: Fourteen non-neuropathic and nine neuropathic diabetics, plus eleven healthy young-adults were recruited. Full-body kinematic data was captured during walking tasks. Experimental conditions included barefoot and three rocker-shoe designs according to the rocker angle, apex angle and apex position (R10: 10°, 80°, 60%; R15: 15°, 95°, 52%; R20: 20°, 95°, 60%). Sagittal and frontal stability margin, plus fear of fall were main outcome measures.
Findings: Sagittal stability margin was not affected by health, however, was increased with R10 and R15 in non-neuropathic diabetics and healthy individuals (R2=0.16). Variability of sagittal stability margin was not altered in neuropathic diabetics, but was increased with R15 and R20 in healthy participants, with R15 in non-neuropathic diabetics (R2=0.12). Frontal stability margin (R2=0.46) and its variability (R2=0.39) were significantly increased in neuropathic and non-neuropathic diabetics compared to healthy individuals. Frontal stability margin was significantly higher with R15 in neuropathic diabetics, with R20 in non-neuropathic and healthy participants. Sagittal and frontal stability margin were strongly correlated with fear of fall in neuropathic diabetics. 
Interpretations: R15 and R20 might challenge gait stability of diabetics cause them restrict centre of mass motion thereby imposing a tighter control over walking. However, neuropathic diabetics generally walk very cautious due to their neuropathy and higher fear of fall. Frontal stability margin, highly affected by health and experimental condition, is a more sensitive indicator of gait stability.
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1. Introduction
Diabetes mellitus is one of the most prevalent metabolic disorders worldwide [1], causing serious complications such as foot ulceration [2]. Peripheral neuropathy, prevalent in more than half of diabetic population, aggravates these complications [3]. Diabetic peripheral neuropathy increases the risk of foot ulceration and causes two-thirds of all non-traumatic lower limb amputations [4]. Due to the heavy physical and economic burdens of diabetic complications, prevention is the treatment priority [5,6].
To prevent plantar ulceration, offloading the critical areas such as forefoot is essential [7]. Rigid toe-only rocker outsoles are commonly used as a footwear modification to offload the forefoot region, and are effective in reducing peak plantar pressures up to 50% [8]. Plantar pressure reduction by different designs of the toe-only rocker outsole in terms of rocker angle, apex angle and apex position has been reported in the previous literature [9]. A toe-only rocker outsole with a rocker angle of 20° with an apex angle of 95° positioned at 60% of the shoe length, and a rocker angle of 15° with an apex angle of 95° positioned at 52% of the shoe length has been demonstrated to optimally offload the diabetic foot [9,10]. 
The Rigid rocker shoe (RRS) is clinically efficient in diabetics, however, the compliance in wearing is remarkably low [11]. Despite the proved clinical benefits of RRSs in offloading [12], there are evidence of destabilising potentials [13,14]. Postural stability with RRSs has been investigated in terms of postural reactions to a perturbed stance [15–17], static stance stability [18], and gait stability [19,20] with few studies on people with diabetes [17–20]. Gait stability in diabetics wearing RRSs was measured in two studies using dynamic gait index, gait variability index, and left-to-right ankle power asymmetry [19,20]. Yet, no study has directly inspected gait stability of diabetics with RRSs. Quantifying the instantaneous interaction between body centre of mass (CoM) movement and dynamic base of support (BoS) during walking by adopting the margin of stability (MoS) method, has been proved to be a valid measure of gait stability [21]. 
Previous studies have shown that diabetics walk with shorter and wider steps, and slower speed compared to healthy individuals [22,23]. Additionally, control of balance is impaired in diabetics with or without neuropathy [22–24] which is associated to their inherent fear of fall [25]. RRSs might impose more challenges to gait stability of diabetics whose postural control is substantially impaired. As most falls occur during walking, investigating the effect of RRSs on stability in  walking seems essential [26]. However, adaptive walking strategies of people with diabetes might be substantially enough to cover the potential destabilising effects of the RRSs. Therefore, measuring dynamic stability during walking while wearing RRSs and its difference to barefoot in diabetics, along with healthy individuals could be informative in understanding the mechanisms of controlling stability in this population.
The present study thus aimed to investigate gait stability of diabetics with and without neuropathy, and healthy individuals using MoS in four experimental conditions including barefoot and three designs of RRSs. More specifically, this study investigated if mean and variability of MoS in sagittal and frontal planes of movement are altered by the experimental conditions or groups, and whether fear of fall has any relationship with these stability measures. Mean and variability of step length and step width, gait speed and cadence were additionally measured to understand possible gait adaptations.
2. Methods	
2.1. Participants
Ethical approval was obtained from ethical review committee of the local university. A convenient sample of fourteen (78% females) diabetic patients without neuropathy (Non-NDPs) and nine (44% females) diabetic patients with neuropathy (NDPs) were recruited. Eleven healthy young-adults (63% females) were further experimented to provide a basis for comparisons. All participants voluntarily signed the written informed consent. Participant characteristics are presented in Table 1.
Inclusion criteria were medically diagnosed type I or II diabetes with a maximum value of 10 for HbA1c (indicator of the average level of blood sugar over the past 3 months), aged between 35 and 65 years, and 5-years history of the disease. Exclusion criteria were a body mass index (BMI) of higher than 35 Kg/m2, gross foot deformity, a history of foot ulceration/amputation, any musculoskeletal/neuromuscular disease, and back or lower limb surgery. Diabetic peripheral neuropathy was assessed by Michigan Neuropathy Screening Instrument (MNSI) [27], along with nerve conduction velocity (NCV) [28]. Fasting blood glucose of less than 100 mg/dl was confirmed in healthy participants. The intact peripheral sensation of healthy participants was confirmed using a 10 g monofilament on six locations of each foot, receiving at least five verbal positive responses [29].
2.2. Footwear
A set of converse-style canvas shoes of various sizes from 36 to 44 was used. Canvas shoes allow precisely placement of reflective markers over bony prominences of interest, have a straight last with a firmed counter and a smoothly rounded toe box providing a sufficient toe space, and a stiff rubber sole with a nearly flat configuration. A 3-mm soft-foam layer was additionally inserted in shoes.
Toe-only rocker outsoles were made of micro-cellular rubber with measured standard hardness of 53 based on the shore A durometer scale. Three designs of the rocker outsole [9,30] were considered for the present study: R10, a rocker angle of 10° located at 60% of the shoe length with the apex angle of 80°; R15, a rocker angle of 15° located at 52% of the shoe length with the apex angle of 95°; and, R20, a rocker angle of 20° located at 60% of the shoe length with the apex angle of 95°. A 1-mm stainless steel shank with 25 mm width and a length normalized to each shoe size was embedded between the rubber sole and the rocker outsole in R15 and R20, to assure rocker angle consistency during walking. Steel shank was not applied for R10, which was supposed to resemble a typical shoe outsole. All the experimental rocker outsoles were manufactured manually by a nationally certified orthotist (Fig. 1).
2.3. Data collection
Participants filled out Fall Efficacy Scale International (FES-I) questionnaire prior to kinematic data-collection, as a measure of fear of falling [31].
Forty-four reflective markers (the plugin gait model [32]) were used to record full-body kinematics by a motion capture system with six calibrated infrared cameras at sampling frequency of 100 Hz (Qualisys Track Manager, QTM, Gothenburg, Sweden). Barefoot walking trials were recorded initially followed by walking with the three experimental shoes in a random order. For familiarisation, participants walked in a hand-railed walkway for 5 minutes per shoes [33]. For all experimental conditions (barefoot, R10, R15, and R20), participants were instructed to walk with their comfortable self-selected speed over a 10-meter walkway with a constant pace while looking forward. Overall, 18-30 steps were recorded over six consecutive trials per condition and per participant.
2.4. Outcome measures and data processing
Gait stability was quantified by MoS method which is defined as the instantaneous interaction of the velocity-adjusted CoM, termed as the extrapolated CoM (XcoM), and the boundaries of BoS [21]. Both the MoS mean which indicates the status of the overall gait stability, and MoS variability which reveals step-to-step anticipatory changes during walking were calculated to quantify gait stability [34]. 
A whole body CoM was computed based on a 15-segment model in Visual 3D software (C-motion Inc., USA). Heel-strike and toe-off time points were determined through the kinematic method developed by Zeni et. al (2008) [34]. MoS was calculated as [21]:
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where CoM and CȮM are the position and velocity of CoM in either sagittal or frontal planes, g = 9.81 m/s2 is the gravitational constant and l is the distance between CoM and the lateral heel marker at heel strike (≈leg length).
The sagittal border of BoS was defined by the anterior-posterior position of the toe marker while the frontal border of BoS was considered as the medio-lateral position of a lateral marker placed exactly on the most lateral aspects of the rocker apex for shod conditions, and on 5th metatarsal head for barefoot condition. Sagittal and frontal margin of stability (SMoS and FMoS) of each step were calculated instantaneously over the stance phase. The stance phase was determined as the time points between each heel strike and the subsequent toe off. MoS mean was calculated as the average of instantaneous MoS values over each step for all steps. Standard deviation of MoS of consecutive steps was also calculated to measure MoS variability. All steps were time-normalized to 101 data points (0-100%) to remove the effect of walking speed on mean and variability measures. Mean and variability of SMoS and FMoS were the primary outcome measures of the study. Step length (SL), step length variability (SLV), step width (SW), step width variability (SWV), as well as walking speed and cadence were also measured as the secondary outcome measures in order to understand possible gait adaptations at each group. 
2.5. Statistics
A linear mixed model (LMM) was applied with Experimental Condition (barefoot, R10, R15, and R20) as the first predictor variable, and Group as the second predictor variable to compare the effect between NDPs, Non-NDPs and healthy individuals. This model was implemented for each outcome variable separately. The model predictors were centred on barefoot condition for Experimental Condition, and healthy individuals for Group, therefore the estimates were the differences of other conditions to referenced level. Experimental Condition was allowed to have interaction with Group in all models. The participants’ ID (identifier) included as the random factor (random intercept model) in the model to control the variability of response factor caused by subjective differences. In a more complex model, age and BMI were included separately as the potential covariates to determine any possible interaction. In case of no interaction effects, covariates were removed from the model in favor to reach a most parsimonious model (model with no interaction). The calculation of the effect size and power for LMM are the areas of active development and still there are uncertainties about it. In this study we pragmatically calculate and report r-squared and Cohen’s f2. Marginal r-squared, as the measure of model’s fit strength, represents the variability of outcome explained by the fixed parts of the model and is defined as: (σ_f²) / (σ_f² + σ_α²), where σ_f² is the variance of the fixed effect components, σ_α² is the variance of the random effects [35]. The R package MuMIn (Multi-Model Inference) version 1.42.1 by Kamil Barton´ used to facilitate the r-squared calculation. Additionally, Cohen’s f2 calculated as a measure of local effect size for each independent variable and defied as , where    is the r-squared for the model including both group and test condition as independent variable and is the r-squared for the model including only one of the independent variables [36]. However, the estimated fixed terms (beta coefficients) which are in the metric of the response variable with their 95% confidence interval also presented in graphs which are a helpful visualisation on the comparative size of the effect. Spearman correlation analysis was also applied to measure the relationship between main outcome measures and the FES-I score. For linear mixed model analyses, the lme function of NLME package in R statistical software version 3.4.4 was used [37]. 
3. Results
No interaction of age or BMI with any of the predictor variables observed for any of the outcome variables (p>0.05). Therefore, to have the most parsimony, age and BMI, as covariates, were removed from the model. Summary of the results is reflected in Fig. 2. Further details are presented in Table 2, Table 3 and Table 4.
3.1. Primary outcome measures: mean and variability of MoS
The experimental condition (RRSs) was significantly different for SMoS (p<0.0001), SMoS variability (p=0.0002) and FMoS (p<0.0001). SMoS was greater with R10 and R15 in healthy participants (p=0.03 and p=0.01, respectively) and Non-NDPs (p=0.001 and p=0.0001, respectively) compared to barefoot, while there was no difference between conditions for NDPs (p>0.05). SMoS variability was greater with R15 (p=0.01) and R20 (p=0.023) compared to barefoot in healthy participants. SMoS variability was also greater with R15 compared to barefoot in Non-NDPs, while there was no difference between conditions for NDPs (p>0.05). FMoS was greater with R20 (p=0.005) in healthy participants, with R10 (p=0.01) and R20 (p=0.01) in Non-NDPs, and with R15 (p=0.01) in NDPs compared to barefoot.
Main effect of group was significant for frontal plane i.e. FMoS and FMoS variability (p<0.0001). NDPs showed higher FMoS compared to both Non-NDPs (p=0.001) and healthy participants (p<0.0001), and Non-NDPs compared to healthy individuals (p=0.044) irrespective of the experimental condition. FMoS variability was higher in NDPs compared to Non-NDPs (p=0.007) and healthy participants (p<0.0001), as well as Non-NDPs compared to healthy individuals (p=0.04) irrespective of the experimental condition. The interaction of the experimental condition and group was not significant for any of the primary outcome measures (p>0.05).
In addition, both SMoS (r=0.67) and FMoS (r= 0.73) were strongly correlated with fear of fall in NDPs (p<0.0001). A significant but weaker correlation was found for FMoS and FES-I scores in Non-NDPs (r= 0.23, p<0.01). No significant correlation of FES-I scores and stability measures was found in healthy individuals (P=0.89).
3.2. Secondary outcome measures: SL, SLV, SW, SWV, speed, and cadence
The experimental condition (RRSs) showed no significant effect on any of the secondary outcome measures (p>0.05). Main effect of group was significant for SL (p=0.003), SWV (p=0.029), speed (p=0.014), and cadence (p=0.019). Healthy participants walked with longer steps compared to both Non-NDPs and NDPs in all experimental conditions. The significant difference of SWV among groups was mainly due to a higher variability with R20 in NDPs compared to healthy participants (p=0.047).
Healthy participants walked faster compared to Non-NDPs with R10 (p=0.041), and compared to both Non-NDPs and NDPs with R15 (p=0.033 and p=0.027, respectively) and R20 (p=0.01 and p=0.027, respectively). Group contrast analysis showed that healthy participants walked significantly faster than both Non-NDPs (p=0.02) and NDPs (p=0.042) irrespective of the experimental condition, while there was no difference between Non-NDPs and NDPs (p=0.99). Cadence was greater in healthy participants compared to Non-NDPs with R15 (p=0.011) and R20 (p=0.004). Finally, the interaction of experimental condition and group was not significant for any of the secondary outcome measures (p>0.05). 
4. Discussion
Despite the clinical efficiency of RRSs in offloading the diabetic foot, it is not clear how gait stability of diabetics is affected by RRSs. We investigated gait stability of NDPs and Non-NDPs along with healthy individuals in barefoot and RRS conditions. To our knowledge, this is the first study investigating the effect of RRSs on gait stability of diabetics using MoS. Our results showed that SMoS of walking was affected by neither diabetes nor diabetic neuropathy. However, RRSs could affect SMoS in healthy individuals and Non-NDPs. In contrast, FMoS of walking not only was affected by RRSs in all three groups of participants, but also by diabetes and diabetic neuropathy. These findings may show the sensitivity of FMoS to recognise any changes to the footwear or health status of the individuals.
Our findings indicated all participants walked with the same magnitude of SMoS irrespective of the footwear. In other words, NDPs, Non-NDPs and healthy individuals were equally stable in the anterior-posterior direction while walking during all experimental conditions. Shorter steps and slower walking speed of NDPs and Non-NDPs compared to healthy individuals helped them exhibit the same magnitude of SMoS. Higher SMoS of healthy individuals and Non-NDPs, with R10 and R15 compared to barefoot indicated more walking stability. However, unchanged SMoS of NDPs revealed that they walked with a relatively constant degree of stability irrespective of the footwear (Table 3). This, in addition to the slower speed and shorter steps shows a conservative walking strategy of NDPs which is not the case in healthy individuals and Non-NDPs [38]. This finding is well reflected on scores of their fear of falling much higher than that of the healthy participants and Non-NDPs.
All participants showed a relatively equal (i.e. not statistically different) SMoS variability irrespective of the footwear, however, SMoS variability was higher in healthy individuals and Non-NDPs with R15 and R20 compared to barefoot (Fig. 2). This may indicate more adaptive/corrective interaction of their CoM movement and sagittal BoS, as an effort to preserve a certain degree of SMoS with R15 and R20. Due to the constant step length variability, such variability has been most likely occurred through adjusting CoM motion rather than changing sagittal limits of BoS. In contrast, NDPs walked with a constant SMoS variability in all conditions which might be related to their higher fear of fall and conservative walking strategy.
NDPs showed a higher FMoS compared to Non-NDPs and healthy individuals irrespective of the footwear. FMoS of Non-NDPs also was higher than healthy participants in all conditions. In other words, NDPs and Non-NDPs offered a higher degree of FMoS and lateral walking stability. Interestingly, step width was relatively equal between groups indicating relatively comparable boundaries of frontal BoS among them. Thus, such a higher FMoS has been most likely caused by extremely restricting frontal CoM movement during walking in NDPs and Non-NDPs [38]. Overall, FMoS with RRSs was higher than barefoot in all three groups. However, it was more significant with R20 in healthy individuals and Non-NDPs, with R15 in NDPs compared to barefoot. 
Higher FMoS variability and also stability of NDPs compared to healthy individuals and Non-NDPs, and also Non-NDPs compared to healthy individuals during walking, may indicate an active exertion of NDPs and Non-NDPs to preserve a certain degree of frontal stability. R20 caused a higher FMoS variability in NDPs compared to healthy individuals that can be explained by the greater step width variability of NDPs in R20. However, step width variability was almost equal between groups for other conditions showing regular adjustments of frontal CoM motion as a possible cause of higher FMoS variability of diabetics.
There would be some explanations to the key rationale of the study which was to answer if adaptive walking strategies found in diabetics are substantially enough to cover potential destabilising effects of the RRSs. Finding a significantly higher FMoS, and FMoS variability in barefoot condition for NDPs compared to healthy participants, might indicate that diabetic patients with neuropathy were ‘coping with’ their inherent instability caused by the disease during barefoot walking. Since they walked with the same step width of healthy participants in all four experimental conditions, their higher FMoS was the result of constraining frontal CoM movement as an adaptation to the perceived instability.
At the same time, FMoS was also significantly higher in diabetics during walking with RRSs compared to barefoot. Therefore, patients probably perceived the destabilising effects of the rocker shoes and thus further constrained their frontal CoM movement in order ‘to overcome’ this destabilising effect as well.
Healthy participants walked faster than both NDPs and Non-NDPs irrespective of the footwear. This is in a good agreement with previous studies [22,23]. Particularly, healthy participants walked faster with R15 and R20 compared to diabetics that can be explained by diabetic conservative walking strategy. Walking speed of NDPs and Non-NDPs was almost equal in all conditions and not affected by mild to moderate neuropathy. However, cadence was lower in Non-NDPs compared to healthy individuals with R15 and R20 that was mainly due to their much slower speed. NDPs walked with the same cadence of healthy participants most likely due to their slower speed and shorter steps, though the latter was not statistically significant.
4.1. Study Limitations
[bookmark: _GoBack]Participant groups were not balanced that can be a limitation to the study. However, our statistics showed that results were not significantly affected by the age or BMI. None of the participants were prior users of RRSs and study results might be influenced by the novelty of the shoes. Therefore, further studies are needed to investigate the long-term effects of RRSs on diabetic gait stability.
5. Conclusions
Our findings suggest that R15 and R20 might increase destabilising potentials to the gait of diabetic patients by restricting CoM motion and imposing a tighter control over walking. Nevertheless, none of participants experienced instability with RRSs in the present study. Such destabilising potentials are less obvious in NDPs rather than Non-NDPs, as their neuropathy and higher fear of fall force them walk very cautious irrespective of the footwear. Our study also showed that FMoS is a more sensitive indictor of gait stability in this population. This, in turn, is the result of active dynamics of walking in frontal plane where the central nervous system control has more contribution. 
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[bookmark: _Ref798860]Fig. 1. Experimental shoes; A: R10 (rocker angle:10°, apex position: 60%, apex angle: 80°), B: R15 (rocker angle:15°, apex position: 55%, apex angle: 95°), and C: R20 (rocker angle:20°, apex position: 60%, apex angle: 95°).
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[bookmark: _Ref798882]Fig. 2. Mixed model results for each outcome variable. Error bars represent Confidence Intervals (CI). BF: Barefoot.
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Participant characteristics
	Parameters
	Healthy participants
Mean (SD)
	Non-NDPs
Mean (SD)
	NDPs
Mean (SD)

	Age (years)
	33.16 (9.3)
	54.39 (5.1)
	58.72 (4.7)

	BMI (kg/m2)
	22.2 (2)
	27.9 (3.1)
	25.67(2.8)

	Duration of diabetes (years)
	-
	8.04 (3.52)
	10.46 (5.9)

	MNSI score
	-
	3.5 (4)
	5.5 (4.5)

	Motor NCV (m/s)
Sensory NCV (m/s)
	-
-
	38.1 (2.1)
24.14 (3.6)
	42.7 (8.7)
33.65 (11.3)

	FES-I score
	16 (0.1)
	29.7 (7)
	35.54 (9.6)
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Comparisons of stability and spatiotemporal measures between experimental conditions and group participants
	Parameters
	Healthy participants
(n = 11)
Estimated Mean (SE)
	Non-NDP 
(n = 14)
Estimated Mean (SE)
	NDP 
(n = 9)
Estimated Mean (SE)
	Group effect
(p-value)
	Experimental condition
(p-value)
	Interaction
(p-value)

	
	
	
	
	(Cohen’s f2)
	(Cohen’s f2)
	Marginal 
R-squared

	SMOS  (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	228.52 (7.5)
	215.17 (6.7)
	222.29 (8.3)
	0.262
	<.0001
	0.499

	R10
	248.49 (7.5)
	239.6 (6.7)
	236.67 (8.6)
	
	
	

	R15
	251.24 (7.5)
	245.02 (6.8)
	229.45 (8.3)
	0.07
	0.14
	0.16

	R20
	240.97 (7.5)
	227.4 (7.6)
	223.44 (8.3)
	
	
	

	SMOS Variability (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	156.46 (7.9)
	139.93 (7.1)
	147.24 (8.8)
	0.146
	0.0002
	0.545

	R10
	168.77 (7.9)
	151.99 (7.1)
	151.13 (8.9)
	
	
	

	R15
	173.26 (7.9)
	156.43 (7.1)
	149.62 (8.8)
	0.07
	0.04
	0.12

	R20
	171.72 (7.9)
	151.12 (7.5)
	150.53 (8.8)
	
	
	

	FMOS  (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	99.15 (3.6)
	109.21 (3.2)
	124.61 (3.9)
	<.0001
	<.0001
	0.298

	R10
	107.67 (3.7)
	118.86 (3.2)
	132.41 (4.1)
	
	
	

	R15
	103.98 (3.6)
	113.1 (3.2)
	136.31 (3.9)
	0.75
	0.12
	0.46

	R20
	110.92 (3.6)
	119.72 (3.5)
	131.72 (3.9)
	
	
	

	FMOS Variability (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	28.79 (2.2)
	35.69 (1.9)
	42.11 (2.4)
	<.0001
	0.231
	0.394

	R10
	28.94 (2.2)
	33.25 (1.9)
	40.61 (2.5)
	
	
	

	R15
	27.64 (2.2)
	35.87 (1.9)
	46.27 (2.4)
	0.63
	0.02
	0.39

	R20
	27.93 (2.2)
	33 (2.1)
	42.26 (2.4)
	
	
	

	SW (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	83.28 (7.0)
	91.65 (6.2)
	95.1 (8.3)
	0.166
	0.057
	0.359

	R10
	93.12 (7.1)
	101.08 (6.2)
	103 (8.3)
	
	
	

	R15
	90.49 (7.1)
	98.15 (6.3)
	109.35 (8.3)
	0.03
	0.03
	0.06

	R20
	99.95 (7.2)
	102.42 (6.6)
	102.59 (8.2)
	
	
	

	SWV (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	15.95 (2.6)
	26.64 (2.4)
	23.9 (2.9)
	0.029
	0.271
	0.424

	R10
	21.03 (2.8)
	29.48 (2.3)
	23.48 (3.2)
	
	
	

	R15
	19.42 (2.7)
	30.42 (2.4)
	30.92 (3.1)
	0.15
	0.04
	0.15

	R20
	16.07 (2.8)
	25.08 (2.5)
	28.29 (3)
	
	
	

	SL  (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	613.27 (14.4)
	556.23 (12.8)
	546.65 (15.9)
	0.003
	0.180
	0.729

	R10
	630.22 (14.5)
	573.99 (12.8)
	559.56 (16)
	
	
	

	R15
	629.45 (14.5)
	569.71 (12.9)
	550.32 (16)
	0.39
	0.02
	0.29

	R20
	642.12 (14.6)
	584.73 (13.2)
	551.52 (15.9)
	
	
	

	SLV (mm)
	
	
	
	
	
	

	Barefoot (Intercept)
	30.03 (3.7)
	31.5 (3.3)
	32.22 (4.1)
	0.606
	0.527
	0.069

	R10
	36.04 (3.9)
	29.52 (3.3)
	33.86 (4.2)
	
	
	

	R15
	30.43 (3.8)
	37.6 (3.4)
	39.48 (4.3)
	0.09
	0.10
	0.10

	R20
	25.57 (3.9)
	36.38 (3.8)
	27.81 (4.2)
	
	
	

	Speed (m/s)
	
	
	
	
	
	

	Barefoot (Intercept)
	0.97 (0.04)
	0.84 (0.03)
	0.85 (0.04)
	0.014
	0.066
	0.359

	R10
	1.01 (0.04)
	0.89 (0.03)
	0.85 (0.04)
	
	
	

	R15
	1.007 (0.04)
	0.88 (0.03)
	0.82 (0.04)
	0.30
	0.02
	0.24

	R20
	1.03 (0.04)
	0.91 (0.03)
	0.85 (0.04)
	
	
	

	Cadence (steps/min)
	
	
	
	
	
	

	Barefoot (Intercept)
	148.35 (5.5)
	133.41 (5.02)
	137.76 (6.04)
	0.019
	0.127
	0.253

	R10
	153.07 (5.5)
	138.56 (5.02)
	140.88 (6.1)
	
	
	

	R15
	159.62 (5.5)
	135.69 (5.06)
	136.99 (6.04)
	0.20
	0.03
	0.18

	R20
	160.79 (5.5)
	137.30 (5.3)
	145.08 (6.04)
	
	
	

	P values < 0.05 was considered significant.


[bookmark: _Ref798614]Table 3
Pairwise contrasts between test conditions for outcome measures in which main effect of experimental condition was significant
	Outcome measure
	Healthy participants
Estimate (SE)
	Pairwise contrast
(p-value)
	Non-NDP 
Estimate (SE)
	Pairwise contrast
(p-value)
	NDP 
Estimate (SE)
	Pairwise contrast
(p-value)

	SMOS  (mm)
	
	
	
	
	
	

	Barefoot – R10
	-19.97 (7.1)
	0.030
	-24.43 (6.3)
	0.001
	-14.38 (8.1)
	0.290

	Barefoot – R15
	-22.72 (7.1)
	0.010
	-29.85 (6.4)
	0.0001
	-7.16 (7.8)
	0.790

	Barefoot – R20
	-12.45 (7.1)
	0.300
	-12.23 (7.3)
	0.340
	-1.16 (7.8)
	0.990

	R10 – R15
	-2.75 (7.1)
	0.980
	-5.41 (6.4)
	0.830
	7.22 (8.1)
	0.810

	R10 – R20
	7.51 (7.1)
	0.720
	12.2 (7.3)
	0.350
	13.23 (8.1)
	0.370

	R15 – R20
	10.27 (7.1)
	0.480
	17.61 (7.5)
	0.090
	6.004 (7.8)
	0.870

	SMOS Variability (mm)
	
	
	
	
	
	

	Barefoot – R10
	-12.31 (5.2)
	0.096
	-12.05 (4.6)
	0.054
	-3.89 (6)
	0.917

	Barefoot – R15
	-16.79 (5.2)
	0.010
	-16.50 (4.8)
	0.005
	-2.38 (5.8)
	0.977

	Barefoot – R20
	-15.25 (5.2)
	0.023
	-11.20 (5.2)
	0.149
	-3.29 (5.8)
	0.941

	R10 – R15
	-4.49 (5.2)
	0.828
	-4.44 (4.8)
	0.788
	1.51 (6)
	0.994

	R10 – R20
	-2.94 (5.2)
	0.943
	0.87 (5.2)
	0.998
	0.6 (6)
	0.999

	R15 – R20
	1.54 (5.2)
	0.991
	5.31 (5.3)
	0.754
	-0.91 (5.8)
	0.999

	FMOS  (mm)
	
	
	
	
	
	

	Barefoot – R10
	-8.53 (3.5)
	0.080
	-9.65 (3.05)
	0.010
	-7.8 (3.9)
	0.200

	Barefoot – R15
	-4.83 (3.4)
	0.490
	-3.89 (3.1)
	0.590
	-11.7 (3.8)
	0.010

	Barefoot – R20
	-11.77 (3.4)
	0.005
	-10.51 (3.4)
	0.010
	-7.1 (3.8)
	0.250

	R10 – R15
	3.69 (3.5)
	0.720
	5.76 (3.1)
	0.260
	-3.9 (3.9)
	0.750

	R10 – R20
	-3.25 (3.5)
	0.790
	-0.86 (3.4)
	0.990
	0.69 (3.9)
	0.990

	R15 – R20
	-6.94 (3.4)
	0.190
	-6.62 (3.5)
	0.240
	4.59 (3.8)
	0.620

	P values < 0.05 was considered significant.
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Pairwise contrasts between groups for outcome measures in which group main-effect was significant
	Outcome measure
	Barefoot Estimate (SE)
	R10
Estimate (SE)
	R15
Estimate (SE)
	R20
Estimate (SE)

	FMOS  (mm)
	
	
	
	

	Healthy – NDP
	-25.46 (5.3)**
	-24.74 (5.5)**
	-32.33 (5.3)***
	-20.79 (5.3)**

	Healthy – Non-NDP
	-10.06 (4.8)
	-11.19 (4.8)
	-9.11 (4.8)
	-8.8 (5)

	NDP – Non-NDP
	15.4 (5.07)*
	13.55 (5.2)*
	23.22 (5.1)**
	11.99 (5.3)

	FMOS Variability (mm)
	
	
	
	

	Healthy – NDP
	-13.32 (3.3)**
	-11.67 (3.4)**
	-18.63 (3.3)***
	-14.33 (3.2)**

	Healthy – Non-NDP
	-6.9 (2.9)
	-4.31 (2.9)
	-8.23 (2.9)*
	-5.07 (3.1)

	NDP – Non-NDP
	6.42 (3.1)
	7.35 (3.2)
	10.39 (3.1)**
	9.26 (3.2)*

	SWV (mm)
	
	
	
	

	Healthy – NDP
	-6.63 (5.9)
	-4.85 (6.1)
	-14.48 (5.9)
	-15.15 (6.1)*

	Healthy – Non-NDP
	-12.63 (5.3)
	-5.5 (5.4)
	-10.01 (5.4)
	-8.64 (5.8)

	NDP – Non-NDP
	-6.0 (5.6)
	-0.65 (5.7)
	4.46 (5.6)
	6.51 (5.9)

	SL (mm)
	
	
	
	

	Healthy – NDP
	66.17 (25.4)*
	70.44 (25.8)*
	81.65 (25.5)**
	90.15 (25.8)**

	Healthy – Non-NDP
	58.67 (22.7)*
	56.75 (22.9)*
	64.81 (23.1)*
	84.11 (23.8)**

	NDP – Non-NDP
	-7.5 (24.1)
	-13.69 (24.4)
	-16.84 (24.2)
	-6.04 (24.7)

	Speed (m/s)
	
	
	
	

	Healthy – NDP
	0.11 (0.06)
	0.16 (0.07)
	0.18 (0.07)*
	0.18 (0.07)*

	Healthy – Non-NDP
	0.15 (0.06)*
	0.15 (0.06)*
	0.16 (0.06)*
	0.19 (0.06)*

	NDP – Non-NDP
	0.03 (0.06)
	-0.01 (0.06)
	-0.02 (0.06)
	0.01 (0.06)

	Cadence (steps/min)
	
	
	
	

	Healthy – NDP
	10.6 (9.7)
	12.03 (9.8)
	22.64 (9.7)
	15.71 (9.7)

	Healthy – Non-NDP
	17.98 (8.7)
	18.7 (8.7)
	27.2 (8.8)*
	30.97 (8.9)**

	NDP – Non-NDP
	7.38 (9.3)
	6.67 (9.4)
	4.56 (9.3)
	15.26 (9.5)

	p < 0.05: “*”; p < 0.01: “**”; p < 0.0001: “***”
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