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The effect of a textured shoe insert on running gait 

 
Andrew Hatchett, Charles Allen and Marzania Smith 

 
Abstract 

The aim of this research was to determine the influence a shoe insert with a textured, thermos-plastic heel 

has on running gait. Sixteen (16) participants completed a three-stage protocol to assess step length, 

contact time and gait imbalance in barefoot, shod and shod with insert conditions. Results indicated 

significant correlations between the barefoot condition and shod with the insert condition for contact time 

(r=0.773, p=0.015), imbalance (r=0.838, p=0.005) and step length (r=1.000, p=0.000). Further analysis 

revealed no significant difference between the barefoot and shod with the insert conditions for contact 

time, imbalance and step length. Based upon these results, running with a textured, thermos-plastic insert 

may influence a runner’s gait to more resemble that of a barefoot condition.  

 

Keywords: Running, inserts, foot strike, injury, shod running 

 

1. Introduction 

Running has remained a popular exercise for decades, if not longer. In the United States of 

America alone, it is estimated that over 16 million people finished running races [1]. According 

to some experts, long-distance running was crucial in creating our current upright body form 
[2]. Humans are one of the few species who have mastered bipedal locomotion and their foot 

has evolved to be the basis for such a specialized gait [3]. The human foot alone comprises 26 

bones, 33 joints and 19 muscles [3, 4]. The bones are arranged to form a medial longitudinal 

arch which makes it ideal for its function of supporting the weight of the body and spreading 

the forces experienced during gait [3, 5]. As mentioned by Altman and Davis6 analysis of rear 

foot striking in a barefoot condition results in very high vertical ground reaction load rates. It 

has been suggested that the anatomy and small surface area of the heel is suited for the loads of 

walking, but not for attenuating the repeated impacts associated with running [6, 7]. Even with 

running shoe evolution, approximately 75% of shod runner’s heel strike6. Interestingly, the 

percentage of runners reporting injury associated to running is at a similar value - up to 79% [7] 

Barefoot running, in contrast, is associated with a shorter stride length and higher cadence than 

in typical shod running with a rear foot strike pattern [6, 8-10]. Forefoot striking while running 

barefoot takes greater advantage of the energy-storing capacity of the arch, which is observed 

by the increased vertical arch motion during load acceptance [6, 11]. Additionally, being 

barefoot appears to allow for more sensory input to the neuromuscular system [6].  

The human foot initiates and controls many movements a person performs. Shoe inserts and 

foot orthotics have been advocated and successfully used for many years for sports and other 

physically intensive activities. Shoe inserts, orthotics, and braces are used to reduce the 

loading in the structure of interest. They often attempt to reduce the loading in and around the 

ankle and the knee joint [12]. The nerves in our feet require texture, vibration, or shearing force 

to register important sensory feedback. Cutaneous feedback from the soles of the feet plays an 

important role in the control of gait and standing balance [7]. When foot sole cutaneous 

feedback is reduced experimentally through cooling or anaesthesia [13-17], impairments in 

postural control are observed. Additionally, enhancement of foot sole cutaneous feedback 

through applied vibration leads to alterations and illusions of whole body sway and reduced 

gait variability [18-20]. Facilitatory shoe insoles that employ subthreshold [20-22] and 

suprathreshold vibration [23], as well as static rigid support [24] have been shown to improve 

balance and gait parameters in older adults, and in patients with diabetes, stroke, and 

Parkinsons [12]. 
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Based upon this knowledge, it is possible that a textured, 

thermoplastic heel-plate may stimulate an athletes’ 

neuromuscular system in a manner more consistent with that 

of a barefoot condition. Closing this neural loop might allow 

for enhanced control and understanding of how we move. In 

real-time improvement in sensory awareness and 

proprioception might occur and manifest in a shift in gait. 

This shift in gait may be to a pattern of movement that is 

more biomechanically consistent with how the human 

machine is designed. To date, there are no published studies 

investigating shoe inserts designed specifically to influence 

gait in this manner. Therefore, the specific aim of this 

research were to determine if a thermoplastic heel-plate insert 

influences running gait.  

 

2. Methods 

2.1 Participants 

Sixteen (16) healthy college aged volunteers to participate in 

this study. All participants were recreationally active 

(participating in light to moderately intense bouts of exercise 

3 or more days per week for at least 6 months) prior to 

participating in this research. Before engaging in data 

collection, all participants read, signed and dated a consent 

form agreeing to participate in this study. This study was 

approved by the University of South Carolina Institutional 

Review Board.  

 

2.2 Protocol 

Once consent was obtained, participants proceeded to the 

initial phase of data collection. This included completing a 

health history questionnaire (PAR-Q) designed to determine if 

the participant could safely participate. If the participant 

answered affirmatively to any condition listed on the PAR-Q, 

they were excluded from the study. Additionally, to 

participate in this study, the participant had to be an 

appropriat age, not be pregnant, and have no orthopedic, 

cardiac or other medical problem to limit physical activity.  

When safe participation was determined, the participant’s age, 

sex, height, and weight were recorded. Participant’s age and 

sex were self-reported, while height and weight were 

determined using a validated measuring instruments and 

recorded to the nearest centimeter or tenth of kilogram, 

respectively.  

Following the initial collection, the participant was offered 

approximately 10 minutes to become familiar with the 

experimental equipment (treadmill, gait analysis equipment, 

shoe insert) used for data collection. Once the familiarization 

period was completed, the participant was asked to complete a 

series of randomly assigned 4-minute bouts of treadmill 

running at a self-selected speed. The participant was asked to 

select a speed they believed best reflected their ‘normal’ 

running speed. This speed was maintained throughout each of 

the three running bouts. 

Of these three bouts of running; one bout was completed 

barefoot, a second with the participants’ usual running shoes, 

a third with a custom fitted shoe insert with a textured 

thermoplastic heel-plate to be placed in their usual running 

shoe. After completing each of the 4-minute bouts the 

participant was given 2 minutes to shift conditions. After the 

last 4-minute running bout, the participant was offered the 

opportunity to warm down on the treadmill with or without 

the insert for 10 minutes.  

The running portion this visit mimicked the following: 

10 minute familiarization period 

4 minute treadmill run shod 

2 minute rest 

4 minute treadmill run barefoot 

2 minute rest 

4 minute treadmill run shod with the Shoe Cue insert 

10 minute warm down period 

 

2.3 Equipment 

The Optogait system (OPTOGait, Microgate S.r.I, Italy, 

2010) was used on the treadmill in the laboratory condition. 

This system consisted of two beams attached to the sides of 

the treadmill. The system uses a LED lighting system to 

precisely measure the variables of interest. The variables of 

interest for this research recorded by the Optogait system 

were contact time (the amount of time the participant’s foot is 

in contact with the ground from foot strike to toe-off), step 

length (the distance between the tip (toe) of two subsequent 

feet or the distance between the heel of two subsequent feet) 

and imbalance (an indicator of running 'asymmetry' between 

the right and the left foot).  

Variables measured with the Optogait system and associated 

units of measure included: 

Contact time, measured in milliseconds; Imbalance, measured 

as a percentage indices between right and left; Step Length, 

measured in centimeters.  

The ShoeCue ShoeCue, Boston, MA USA, 2017) insert was 

used in this research. The ShoeCue is a shoe insert with a 

textured, thermoplastic heel-plate.  

 

2.4 Data Analysis  

Statistical analyses were conducted to determine if a 

statistically significant correlation existed between the three 

conditions with respect to the three variables of interest. 

Further analyses were conducted to determine if a statistically 

significant difference existed between those variables and 

conditions with significant relationships. All calculations 

were performed using SPSS (Version 24) with an a priori 

level of significance set at p ≤ 0.05. Pearson correlations were 

used to determine the relationship between the three 

conditions. Fisher’s z transformation, 95% percentile 

confidence intervals (upper and lower limits), mean values, 

and standard deviations were determined. Independent sample 

t-tests were used to determine if there were significant 

differences between conditions 

 

3. Results 

3.1 Tables  

Table 1. Reveals descriptive characteristics of the 16 study 

participants. 

 
Table 1: Physical characteristics of female and male participants 

(Mean ± SD) 
 

Characteristic Pooled (N=16) Female (n=10) Male (n=6) 

Age (y) 20.75±1.69 20.60±1.78 21.01±1.67 

Height (cm) 172.33±7.17 167.28±5.17 178.22±3.74 

Body Mass (kg) 69.08±11.14 64.93±9.38 75.99±11.05 

 

Table 2 reveals the means values of the three conditions and 

the three variables of interest. 
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Table 2: Mean values of Barefoot, Shod and Shod with insert conditions. 

 

Condition Minimum Maximum Mean Std. Deviation 

Contact Barefoot1 0.03 0.09 0.057 0.021 

Contact Shod1 0.02 0.09 0.065 0.025 

Contact w/ Insert1 0.01 0.09 0. 060 0.030 

Imbalance Barefoot2 -3.79 3.64 0.713 2.636 

Imbalance Shod2 -8.28 6.41 -0.606 4.053 

Imbalance w/ Insert2 -6.63 3.52 0.461 3.152 

Step Length Barefoot3 49.02 94.23 68.19 14.55 

Step Length Shod3 55.12 103.63 74.49 14.02 

Step Length w/ Insert3 50.04 95.25 28.60 14.48 
1Contact time–milliseconds; 2Imbalance–indices in % between right and left; 3Step Length-centimeters 

 

Table 3 reveals Pearson correlation results, Fischer’s z transformation, upper and lower limits of the 95% Confidence Interval. 

 
Table 3: Correlational data between Shod and Insert conditions to Barefoot. 

 

Condition Correlation Significance Upper Limit Lower Limit 

Contact Shod 0.608 0.082 0.848 0.161 

Contact w/ Insert 0.773 0.015* 0.917 0.45 

Imbalance Shod 0.086 0.825 0.557 -0.427 

Imbalance w/ Insert 0.838 0.005* 0.942 0.586 

Step Length Shod 0.124 0.75 0.583 -0.396 

Step Length w/ Insert 1.000 0.000* 1.000 0.998 

 

Table 4 reveals t-test results of significantly correlated 

conditions to Barefoot condition. 

 
Table 4: T-test results of significantly correlated conditions to 

Barefoot condition 
 

Condition Significance 

Contact w/ Insert 0.172 

Imbalance w/ insert 0.000 

Step Length w/ Insert 0.124 

 

4. Discussion  

The aim of this study was to observe the time of contact, step 

length and imbalance during barefoot, shod and shod with a 

sole insert conditions at a self-selected speed in recreationally 

trained runners. Results revealed the condition of shod with a 

sole insert displayed significant correlational relationships to 

the barefoot condition for the variables of contact time and 

step length. Additionally, the shod condition and barefoot 

condition were found to be significantly correlated in step 

length. Upon further analysis, no statistically significant 

difference was observed between contact time and step length 

between the barefoot condition and the shod with insert 

condition. There was a statistically significant difference 

observed between the shod condition and barefoot condition 

when examining step length. These results demonstrate that 

the insert condition leads to a shift in shod running gait spatial 

and temporal characteristics to be more similar to a barefoot 

running condition. 

In this research contact time was defined as the amount of 

time the participant’s foot is in contact with the ground from 

foot strike to toe-off. Research has indicated contact time as a 

variable of significant interest when examining running gait. 

Traditionally running athletes have been labeled as one of two 

types of foot strikers, which is how their feet contact the 

ground. Either the athlete is a forefoot striker (FFS) or a rear 

foot striker (RFS). Peters [25] articulates the difference 

between FFS and RFS well in the following: The primary 

differences between these two approaches are the force of the 

impact, the transference of energy, and the duration of ground 

contact. In each of these categories, FFS is superior to RFS 
[26]. Ardigo et al. compared speed, step frequency, step length 

and oxygen consumption in 8 active male runners using either 

FFS or RFS [26], Hayes et. al. evaluated by video 181 runners 

in competition [31], and Cavanagh et. al. and Lieberman et. 

al. performed biomechanical comparisons of the two 

techniques [2, 32]. In short summation, when the heel hits the 

ground first, there is a brake-like effect, and a greater collision 

and contact time between the leg and the ground. 

Alternatively, a forefoot impact induces a more rounded and 

rolling motion, reducing recoil from hitting the ground as well 

as actual ground contact time, and thus friction. An important 

caveat for this comparison is that, at slower speeds, FFS is 

less biomechanically fluid and efficient than RFS [26]. This 

may induce novice runners to prefer RFS, as it is initially less 

exhausting and more similar to the familiar motion of 

walking. Peters [25]. The results of this research indicate that 

with the use of a textured heel-plate insert athletes run at self-

selected speeds with a contact time more like that of a 

barefoot condition (forefoot strike).  

A reduction in stride length, although it would appear smaller 

in trained runners, may be advantageous as it has been shown 

to reduce impact peaks [34-36] and loading rates [33, 36] 

experienced by runners. A shorter stride length means the heel 

is located more underneath the center of mass (COM) which 

reduces the amount of hip and knee flexion required38. 

Compared to shod running, barefoot running leads to a 

reduction in stride length by 6 – 8% in inexperienced and 

those with a long history of barefoot running [33-35, 37]. 

Schubert [38] indicated that increased stride rate (decreased 

stride length) affects impact peak, kinematics, and kinetics 

and therefore may be considered as a mechanism with which 

to influence injury risk and recovery of a runner. Specifically, 

similarities are seen across all studies, with decreased center 

of mass vertical excursion, ground reaction force, impact 

shock and attenuation, and energy absorbed at the hip, knee, 

and ankle as step rate is increased or step length is decreased 

at a constant speed [38].  

Although analysis of imbalance did not yield statistical 

significance, it may be worth noting that the shod with insert 

and barefoot conditions, observationally, were more similar. 

A lack of symmetry, that is relative differences in muscle 

strength, motion, flexibility, balance, and mechanics between 
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sides of the body, is one element often highlighted as a risk 

factor for injury. The Imbalance measure used in this research 

is an indicator of running 'asymmetry' between the right and 

the left foot. A more symmetric running gait would indicate a 

more balanced athlete, thus a more efficient athlete [39].  

Limitations associated with this research project include. 

Respectively, a difference in shoe may reflect a difference in 

cushioning which in turn may influence the sensory impact of 

the insert. The drop angle of the shoe worn may influence a 

runner’s gait as well. 

 

5. Conclusion 

Each area assessed in this research (contact time, step length 

and imbalance) is known to be associated with running gait. 

These results indicate that the use of a shoe insert with a 

thermoplastic heel may influence the gait of a runner to the 

point of resembling that of a barefoot condition (less contact 

time, shorter step length and less imbalance). This may reduce 

the likelihood of injury, while increasing the efficiency of 

movement. The use of a shoe insert with a textured 

thermoplastic heel-plate may lead to a modified gait pattern in 

recreational runners more closely resembling a barefoot 

condition when compared to a purely shod condition. Further 

research should be conducted to account for the limitations 

mentioned above and in athletes of different training volumes, 

goals and experience.  
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