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ABSTRACT

Kinematic analysis and surface electromyography are tools being used as important methods to evaluate 
the human gait and to analyze different types of footwear aiming modifi cations and adaptations to the human 
locomotor system, especially of the feet. The aim of the present study was to analyze through electromyography 
(EMG) the muscles tibialis anterior (TA) and gastrocnemius lateralis (GL) and gastrocnemius medialis (GM) and 
to capture digital images of the human gait in four different footware situations, barefoot with tennis, platform 
shoes and high heels. Twenty healthy women with a mean age of 22.6 years took part in this experiment, which 
was performed on a treadmill at a speed of 3.8 m/s. The results showed that shoes that do not allow a normal 
movement of the tarsal bones caused changes in the trajectory of the gait, which promotes a greater muscular 
movement. This study concluded that shoes closer to a normal position and allow greater mobility of the feet, 
decrease muscular demands, which in everyday situations cause less localized muscular fatigue. 
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INTRODUCTION 
Walking or ambulation is the most common movement in human beings. The 

standard footstep variability in everyday life is moderately low [1]. The analysis of 
human movement is deϐined as any procedure involving means that allow obtaining 
its quantitative or qualitative measure [2]. The gait cycle is a perfectly orchestrated 
sequence of electrical and mechanical events that culminates in the coordinated 
propulsion of the body through space. This cycle should be seen as a coordinated effort 
between the nervous, the muscular, and the skeletal systems [3,4]. Any disturbance 
in the motor, musculoskeletal, or sensory systems can cause weakness in locomotion. 
The term gait analysis has become common when describing the evaluation modes 
of locomotion, which take into account anthropometric, kinematic, kinetic or 
Electromyographic aspects [5,6]. Some external factors can also signiϐicantly affect the 
way of locomotion, such as the walking surface or the type of footwear. Brazil in 2002 
became the ϐirst country to create norms that evaluate the comfort of footwear, NBR 
14834 to 14840 [7].

There are numerous measurement procedures which analyze the gait and are 
related, in a greater or lesser degree, to the control of this movement. The EMG signal 
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measures moments of force and power closely measure the origin of movement, 
whereas kinematics moments, support, footstep length, cadence, and ground reaction 
forces merely reϐlect many integrated output effects [1]. The use of video cameras, 
force platforms and electromyography (EMG) in order to characterize locomotion 
quantitatively has become increasingly frequent, becoming a common system to 
evaluating changes in the gait [8,9]. The use of video cameras allows greater ϐlexibility 
in the selection of the movements to be studied, the acquisition frequency of 60 Hz 
provides a sufϐicient temporal resolution for a large number of biomechanical analysis 
[10,5]. The analysis of the gait now counts on the evolution of measurement methods 
and techniques provided by the technological advance which allows the access to 
different behaviours of the locomotive system in a more precise and quicker way [11]. 
In this sense, the aim of this work is to perform a kinematic study of the feet and an 
electromyography study of the tibialis anterior, lateral gastrocnemius and medial 
gastrocnemius muscles on the treadmill, in four different situations: barefoot, with 
tennis, with platform shoes and high heels. 

METHODOLOGY 
Twenty women aged ± 22.66, ± weight 56.22kg and height ± 163.35, with similar 

anthropometry and no history of musculoskeletal injuries, took part in this experiment. 
To capture the images, we used a Sony Cyber shot digital still camera with a 10.1 
megapixel resolution. It was attached to a tripod positioned ϐifty centimetres from 
the ground, one meter from the volunteer. Silver markers were positioned at ankle 
joint, tip of the foot and heel levels for better visualization of the reference points. For 
the Electromyographic records, a 16-channel electromyography model SAS1000-V16 
version EMG800C-16 and a speciϐic software EMG Lab 1.2 by EMG System do Brasil 
for the data analysis, and surface electrodes coupled to the active interface were used. 
They were positioned on the tibialis anterior (TA), lateral gastrocnemius (GL) and 
medial gastrocnemius (GM) muscles on both sides following the [12,13]. Before the 
electrodes were placed, a tricotomy and alcohol cleansing were performed on the area 
of the muscles tested. 

To synchronize the Electromyographic records with the ϐilming, a device was 
used in the form of ϐlash to the trigger the recording [14]. It was ϐixed on the lateral 
platform of the treadmill. A Kistler treadmill with at a speed of 3.8 m/s was used. 
All procedures were performed at the Biodynamic Laboratory of the Physiotherapy 
College of University of Vale do Paraíba. After data acquisition, the image ϐiles were 
transformed into a sequence of images in the VirtualDub-1.7.0 software, and saved in a 
speciϐic ϐile for further processing in ImageJ 1.38b, where the Manual Tracking features 
were used. Speciϐically, the trajectory of the tip-toe movement of the volunteers, 
where silver markers had been placed, was observed. A cycle of steps was analyzed 
and synchronized with the electromyographic signal of the muscles tested. The shoes 
used in the experiment were: sneakers with non-cushioned rubber soles with a height 
of 2 cm. Female boot with rubber outsole without cushioning height of 6 cm. And the 
footwear with needle-like jump with rigid soles with height of 10 cm. 

RESULTS     
A tracing was done on the images obtained from the trajectory of the feet during the 

footstep. This procedure was carried out both on the right and left footstep, and with 
all the different footwear. 

The tracing of the feet’s trajectory during the walk without footwear- barefoot 
(Figure 1) with the right leg was observed. It showed an almost linear trajectory from 
the initial moment until total foot support on the platform. In chart 1, we observe the 
electromyographic activity that was synchronized with the image of the mentioned 
trajectory, in which there was a greater electrical activity of all muscles on the right 
side compared to the left side. The greatest electrical activity was recorded in the right 
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Figure 1: Walking barefoot- The blue line represents the trajectory covered by the right leg during the footstep.

Chart 1: Comparison of the mean EMG activity of all the muscles during the right leg footstep with different 
footwear, values expressed in Root Mean Square (RMS).

tibialis anterior muscle whose function is the dorsal ϐlexion of the ankle, but which also 
cushions the impact with the ground. 

The left-leg tracing without the use of footwear when compared to the right was 
more linear, it also covered a smaller distance when the space covered by the feet 
during the footstep was observed. 

The gait of the right leg during the footstep with the use of tennis (Figure 2). It was 
observed that the foot trajectory was much more sinuous than the previous one and 
that at the end of the footstep there was an elevation of the foot tip before touching the 
ground. 

Regarding the electrical activity of the muscles, the dominance of all muscles of the 
right side is observed, and the anterior tibialis was also the most active. Compared to 
the same side in the previous situation, a signiϐicant increase in the electrical activity 
of this muscle was noticed. This is explained by the modiϐication in the trajectory of 
the footstep and a greater dorsal ϐlexion of the ankle. The left side presented electrical 
activity similar to what was observed in the previous situation. The footstep trajectory 
was similar to that of the left leg but also with a slightly smaller distance than the right 
leg. When comparing the tracing of electrical activity results of the right leg muscles 
with another tracing data obtained from an image of walking using tennis, which 
represent the trajectory traversed by the left leg during the footstep, the gait with the 
platform shoes as observed in the ϐigure 3, shows a positive slope footstep, showing 
that with this type of footwear the volunteers raised their feet higher from the ground.  

This elevation generates a greater electrical activity of the anterior tibialis muscle 
of the right leg in relation to the other muscles tested. The same happened in the left 
leg during the footstep walk with platform shoes. The last situation tested the gait 
using high heels, as observed in ϐigure 4. 
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Figure 2: Walking with tennis- The blue line represents the trajectory covered by the right leg during the footstep.

Figure 3: Walking with platform shoes- The blue line represents the trajectory covered by the right leg during the 
footstep.

Figure 4: The blue line represents the trajectory covered by the right leg during the footstep on high heels.

A more linear trajectory of the right leg similar to that observed in the data obtained 
in the results of the electrical activity of the muscles during the footstep of the right leg 
without footwear (Figure 1), with a shorter distance between the steps, and the almost 
simultaneous touching of the heel and forefoot. 

As in the other situations, the anterior tibialis muscle was more active than the 
electrical activity of the muscles of the right leg. A similar situation was observed in the 
gait with platform shoes, of the left leg. 

Comparing all the situations tested, it was observed that the platform footwear 
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presents a very different foot trajectory than the other footwear, and resulted in a 
greater electrical activity of the anterior tibialis muscle as observed in charts 1 and 2. 

DISCUSSION  
The results showed that the change in the trajectory of the step, directly reϐlects 

on the electric activity of the muscles tested. This is due to the modiϐication in the 
biomechanics of the feet imposed by the type of footwear which in the case of platform 
shoes practically does not allow any movement of the bones of the tarsus [15], (Table 
1). This leads to an adaptation in the movement of the feet that generates a greater 
force to perform the movement since the foot support on the ground occurs almost 
simultaneously at the ankle plant and the tip of the foot [16,17]. 

Chart 2: Comparison of the mean EMG activity of all the muscles during the left leg footstep with different 
footwear, values expressed in Root Mean Square (RMS).

Table 1: Average of evaluated muscles expressed as mean RMS (Root Mean Square) and standard deviation (SD) of 
Tibialis Anterior (TA), Gastrocnemius Lateralis (GL) and Gastrocnemius Medialis (GM). 

Side of leg Muscles
Tennis RMS 

(μV), (SD)
Platform shoes 
RMS (μV), (SD)

Barefoot RMS 
(μV), (SD)

High heels RMS 
(μV), (SD)

Right side

Tibialis Anterior (TA) 110.0 (3.70) 177.0  (7.54) 88.60 (2.70) 146.80 (6.64)

Gastrocnemius Lateralis (GL) 74.20 (2.77) 49.60 (2.70) 61.10 (1.58) 58.75 (0.70)

Gastrocnemius Medialis (GM) 50.82 (0.83) 31.84 (0.79) 27.86 (0.79) 49.65 (0.54)

Left side

Tibialis Anterior (TA) 27.20 (1.58) 45.43 (2.07) 25.19 (2.54) 33.23 (2.86)

Gastrocnemius Lateralis (GL) 50.75 (0.83) 53.40 (1.14) 48.10 (1.17) 49.64 (0.54)

Gastrocnemius Medialis (GM) 27.43 (1.58) 24.81 (1.30) 25.80 (1.92) 26.19 (0.70)

When walking with shoes that allow the feet to move, the step cycle becomes 
lighter, and all phases of the last cycle are executed. With footwear such as platform 
shoes and high heels, the feet remain in a ϐixed position, obliging the locomotor system 
to make various adjustments and biomechanical adaptations so that the person can 
move in an unfavourable and uncomfortable position. Comparing all the situations, we 
observed with the help of digital images and electromyography that the platform shoes 
presented the greatest difference in muscle activity and foot trajectories [18]. 

CONCLUSION  
We conclude in this study that the closer to a normal position the shoes are, in other 

words, the greater the mobility of the feet, the smaller the muscular demands. Which 
will cause less localized muscle fatigue in day-to-day situations. Regarding the use of 
digital images in gait analysis with different footwear, we conclude that it is a very 
important tool and that when synchronized with other biomechanical tools it can bring 
many beneϐits to the movement analysis.  
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