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Gait analysis: barefoot or shod running?

Abstract
The purpose of the study was to identify whether ground contacts time ground contact time (s), stride frequency and stride length (m) differed with the shod and barefoot running. Eleven healthy male subjects partook this study. Participants 10 cycles of full gait at 10km/h speed for each condition. Results have shown significant difference among the variables: ground contact time in shod running was higher (p=.002) than barefoot running; stride frequency in barefoot running (p=.000) was higher than shod running; stride length in shod running (p=.003) was lower than barefoot running. The results confirmed the directive hypothesis.

Introduction
The interest in running has been increasing in the time, continuing to be one of the most common sports in the population on both recreational and elite level (Ekizos, Santuz and Arampatzis, 2017). Running performance is dependent on a multipart interaction of aspects that result in efficient muscular work and leads to an effective running gait (Santos-Concejero et al., 2014). The gait cycle (Figure 1) is the period defined by the initial contact of the foot to the next initial contact of the same foot (Dugan and Bhat, 2005). It can differ into three different phases: the stance, the swing and the float phase (Dugan and Bhat, 2005). The stance phase is related to the impact absorption, permits an active landing, provides forward movement and accelerates to toe-off (Bartlett, 2014). The swing phase consents the recovery of the non-supportive leg and prepares for foot descent to hit the ground with an active landing (Bartlett, 2014). 
[image: ]
Figure 1. Running gait cycle with phases and individual component (Dugan and Bhat, 2005).

Studies have been comparing shod and barefoot running to evaluate the injury risk by adopting biomechanical gait analysis which has also been used to analyse and enhance sports performance (Murphy, Curry and Matzkin, 2013; Brukner and Khan, 2017; Dugan and Bhat, 2005). Both conditions showed differences in the foot strike, whereas 75-89% of shod runners contact the ground with a rearfoot strike, while barefoot runners engage a mid/forefoot strike with a plantar-flexed foot position (Hashish et al., 2018; Thompson, Lee, Seegmillerand McGowan, 2015). While obvious differences are stated in the literature, there are some opponents and advocates of barefoot and shod running benefits (Altman and Davis, 2015). Some studies have shown that during shod running, the trainers support and control the foot motion during the running period, by decreasing the shock amplification and the extreme strain magnitude and rate on muscles and ligaments of the longitudinal arch (Ekizos, Santuz and Arampatzis, 2017); whilst some other studies have shown that it may help to decrease the risk of injury due to the reduction of impact loading, besides, to develop foot strengthening (Altman and Davis, 2015). Barefoot running is also promoted as an increased of proprioception capabilities compared to shod running due to the direct contact to the ground, as one of the foot’s functions involve an adjustment to unequal ground, proprioception for correct position and balance, and influence for momentum (Shih, Lin and Shiang, 2013; Dugan and Bhat, 2005) However, considering the continuous evolution and interest in running gait analyses, and how previous researches have stated the difference, it is unclear whether there is a significant difference between barefoot and shod running impact on kinematic stride analysis. Therefore, this study aimed to investigate the differences between barefoot and shod running and understand the effect of both conditions have on ground contact time (s), stride frequency and stride length (m). The directive hypothesis is that there is a difference barefoot and shod running in ground contact time, stride frequency and length.

Method
Study Design 
A cross-sectional design was used for this study, using a convenience sample to recruit the participants. The participants were filmed at the beginning and end of the cycle gait for the two different conditions. The recordings were used to identify each participant’s ground contact time (s), stride frequency and stride length (m) for both conditions: barefoot and shod running. All the procedures had received prior ethical approval by the University of Wales Trinity Saint David.
The independent variables in this analysis were the two conditions (barefoot and shod running), the dependant variables were the participants’ ground contact time, stride frequency length.
Study Population
Eleven healthy males (age: 28 ± 5.9 years; height: 1.75 ± 0.08 m; mass: 70.8 ± 10.3 kg) volunteered to participate in this study. Participants were asked to complete an information sheet and a Par-Q form for contraindications and were omitted from the study if they presented any unstable health condition, acute neurological or musculoskeletal injury, or physical limitation that disallowed them to perform the testing. The partakers gave written informed consent and were completely aware of the benefits and possible risks associated with the study.
The individuals were able to run 10 km in <50 minutes and were injury-free for six months prior to the study (Tam, Prins, Divekar and Lamberts, 2017).
Procedure and Protocol
Initial anthropometric measurements and dominant leg length were recorded prior to the start of the testing. The testing was conducted under two different conditions, namely the barefoot condition and the shod condition. One participant at the time completed a familiarisation trial of 5 minutes running at 10km/h on the treadmill in each condition before data collection. Completed the familiarisation trial, the researcher started the recording and 10 cycles of full gait were documented first with shoes and then without shoes. Ground contact time, stride length and frequency were measured for every step during the test using Hudl Technique software.
Ground contact time was outlined as the time from when the foot contacts the ground to when the foot toes-off the ground; stride length was defined as the length used from toe off to initial ground contact in successive steps and stride frequency was described as the numeral quantity of ground contact occurrences per minute (Santos-Concejero et al., 2014)
Data and Statistical analysis 
The statistical analyses were carried out using SPSS (Version 26, SPSS Inc., Chicago, IL, USA).
Paired Samples T-Test was used to examine the differences between barefoot and shod conditions on running gait, focusing participant’s ground contact time (s), stride frequency and stride length (m). Once the data resulted significant, the effects size were calculated using the equation below (Sawilowsky, 2009):



Results
A paired samples T-Test was conducted to evaluate the impact of the barefoot and shod running on ground contact time (s), stride frequency and stride length (m).  Comparison between barefoot and shod running identified a statistically significant difference in the following kinematic variables: ground contact time, stride frequency, and stride length. Where significant differences were identified, the sizes of these differences were mostly medium i.e. greater than 0.05. As identified in table tables 1 and 2 and figure 2, ground contact time displayed a significant difference from the barefoot and the shod running (p=.002). The Ground contact time in shod running (M=.2664, SD=.04365) was higher than barefoot running (M=.2391, SD=.03534). Same showed stride length (p=.003) and frequency (p=.000) respectively in Table 1,2 and Figure 3,4.
Stride frequency in barefoot running (M=64.9091, SD= 4.43744) was higher than shod running (M= 61.3636, SD= 3.58532). Stride length in shod running (M=1.9727, SD= .06589) was lower than barefoot running (M=2.0709, SD= .12597).


Table 1. Graphical representation of mean and standard deviation of the variables.
	Paired Samples Statistics

	
	Mean
	N
	Std. Deviation
	Std. Error Mean

	Pair 1
	Ground contact time (s)-Barefoot
	.2391
	11
	.03534
	.01066

	
	Ground contact time (s)-Shod
	.2664
	11
	.04365
	.01316

	Pair 2
	Stride Frequency- Barefoot
	64.9091
	11
	4.43744
	1.33794

	
	Stride Frequency- Shod
	61.3636
	11
	3.58532
	1.08102

	Pair 3
	Stride Length- Barefoot
	1.9727
	11
	.06589
	.01987

	
	Stride Length- Shod
	2.0709
	11
	.12597
	.03798



Table 3. Gait characteristics during shod and barefoot running.
	Paired Samples Test

	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	
	
	

	
	
	
	
	Lower
	Upper
	
	
	

	Pair 1
	Ground contact time(s) Barefoot 
	-.02727
	.02102
	.00634
	-.04139
	-.01315
	-4.303
	10
	.002

	
	Ground contact time (s) Shod
	
	
	
	
	
	
	
	

	Pair 2
	Stride Frequency Barefoot  
	3.54545
	2.01810
	.60848
	2.18968
	4.90123
	5.827
	10
	.000

	
	Stride Frequency Shod
	
	
	
	
	
	
	
	

	Pair 3
	Stride Length Barefoot 
	-.09818
	.08518
	.02568
	-.15541
	-.04095
	-3.823
	10
	.003

	
	Stride Length Shod
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Figure 2. Comparison of ground contact time(s) in barefoot and shod running 
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Figure 3. Comparison of stride frequency in barefoot and shod running 
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Figure 4. Comparison of stride length (m) in barefoot and shod running 


Discussion
The aim of this study was to observe the impact of barefoot and shod running had on kinematics values and if they differed among the two different conditions at a speed of 10 km/h. In support of the hypothesis, the study showed a significant difference between shod and barefoot running. These study findings demonstrated that changes in footwear have an impact on ground reaction time, stride frequency and length. Stride length was altered when running in the two different conditions, resulting significantly less when running barefoot which corresponds with previous researches which also demonstrated that barefoot running results in a notably greater step frequency, and less ground contact time (Utz-Meagher, Nulty and Holt, 2011; Altman and Davis, 2015; Muñoz Jimenez, García-Pinillos, Soto-Hermoso and Latorre-Román, 2017). Considering that the velocity was maintained continuous for both running conditions, the stride length changes related to contrary changes in stride frequency. A shorter stride length means the heel is placed more underneath the centre of mass, which decreases the amount of hip and knee flexion required (Heiderscheit et al., 2011; Francis et al., 2016).  Contrary to our results, however, a study showed and suggested that the decrease in stride length is an aspect of the altered foot placement when moving from barefoot to shod running (De Wit, De Clercq and Aerts, 2000; Leblanc and Ferkranus, 2018). Greater stride length has been related to reduced peak vertical ground reaction forces and a better percentage of time in stance which lead to less risk of tibial stress fractures (Leblanc and Ferkranus, 2018).
The choice of using a treadmill in the analysis of running instead of the overground is to overcome issues surrounding small capture volumes, allowing repeated data collection at a steady speed, and creating a standardise environment (Thompson, Gutmann, Seegmiller and McGowan, 2014; Higginson, 2009; Riazati, Caplan, and Hayes, 2019). Running gait includes a natural variability, whose capture might deliver insight into gait control, treadmill running consequently provides a steadier setting to apprehend this variability (Riazati, Caplan, and Hayes, 2019). However, studies have suggested that stimulate gait adjustments, such as greater time in stance phase, that usually would not happen in overground running (Higginson, 2009). 
Future research should include these two variables, it would be interesting to see what changes could be presented by comparing the treadmill and over-ground running in both condition, as while treadmills offer a standardised environment, the velocity is not determined by the runner, and studies have shown that changing in velocity has a great impact on kinetic factors, as improved running speeds are associated with greater joint moments ground reaction force, thus affecting the stride length (Thompson, Gutmann, Seegmiller and McGowan, 2014).
Limitation of this study includes the fact that ground force and joint angles were not collected during the running trial because of limited instrumentation available, which could have given an accurate picture of the gait analysis. This also led to a limited up to date research findings, to support this study. Ultimately, the participants in this study were male, and studies described different kinematics in running among males and females, therefore our results could not be ideal of the female population (Cronin and Finni, 2013; Riley et al., 2008).

Conclusion
This study observed the difference between shod and barefoot running and their impact on ground reaction time, stride frequency and length. comparisons were made between the two running conditions and the results confirmed the hypothesis that barefoot running differs to shod running. 
However, there is a lack of up to date literature regarding the stride analysis of these two conditions, as most of the literature cover ground reaction force, which was not evaluated in this study.
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