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Abstract
The foot and ankle, by virtue of their location, form a dynamic link 
between the body and the ground. The foot and ankle are basic to all 
upright locomotion performed by the human. The most frequently 
performed movements of the foot and ankle for healthy people 
occur during walking. Lower-limb muscles may adapt to changes 
according various locomotion activities. These adaptations are 
muscle-specific. Knowledge of the actions of muscles is required 
if one is to understand postural balance and control of movement 
during locomotion activities. So, it is necessary to measure muscles 
activation patterns. Electromyography (EMG) is a technique  used  
to measure muscle activity during voluntary and involuntary  
contractions.
Women of all ages have worn high heel shoes at some time in 
their lives and may even wear them regularly. Researchers have  
addressed several  aspects of  high  heel  shoes and  their effects  on  
the  female body  over  the  past  several  years. Therefore, there 
is a need to understand how both high-heeled shoes changes the 
kinematics and kinetics of the gait as well as the muscle activities 
in female population. Much research has been conducted in the 
analysis of high heel walking and this paper will concentrate on 
the biomechanics and EMG analysis of change in activities of 
lower limb muscles related to foot and ankle during high heel 
walking.
A result shows an increase in EMG activities of below knee 
muscles such as GM, GL, SOL, TA during High Heel walking. 
As the walking speed increases EMG activity in different muscles 
also increases. During the walking, EMG activity of GM, GL, 
SOL muscles were significantly augmented with increasing heel 
height (p<0.05). The findings also indicate that during high heel 
walking EMG activities were increases in gastrocnemius (jointly 
known as calf muscles) and soleus muscles. High-heeled shoes 
may have disadvantages in maintaining balance function because 
of extra-muscular effort of ankle joint. This study provides useful 
information that will inform future studies on how walking speed 
and heel height affects muscle activity around the Foot-ankle 
joint.
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I. Introduction
Women of all ages have worn high heel shoes at some time in 
their lives and may even wear them regularly. Researchers have  
addressed  several  aspects  of  high  heel  shoes  and  their effects  
on  the  female  body  over  the  past  several  years.  According to 
one survey study, the majority of the women who wear high heel 
shoes daily suffer from foot and joint problems [1]. The lower 
extremities, especially the foot, must overcome all stresses for the 
movement production. A participant with high-heeled shoes has 
a smaller and unstable supporting base that alters the structure of 
the lower extremities causing difficulties to accomplish its given 
roles as a shock absorber or a weight supporter. In order to prevail 
over the stress on the musculoskeletal system, the body may need 
to work harder to counter balance all the biomechanical changes. 
Each joint will display changes in its angle, moments of force, 

and power, while muscle recruitment patterns will be altered. 
Therefore, there is a need to understand how both high-heeled 
shoes changes the kinematics and kinetics of the gait as well as 
the muscle activities in female population [2].
The role of heels or heel heights has been given much attention in 
the literature. On barefoot; the perpendicular line of the straight 
body column creates a ninety degree angle with the floor. As the 
heel height increases, body’s rigid column and forced will tilt 
forward, the angle would be reduced to fifty five degrees on a three 
inch heel. If such kinds of adjustments are sustained over long 
period, or by regular use of higher heels, the strains and stresses 
become chronic and causing problem to body.
Fortunately, the human body has an incredible ability to adapt to 
stress. Adaptation is specific to the type of stress and will only 
occur at load bearing sites. With proper exercise, conditioning, 
and stretching, women can work toward lowering their risk in 
developing short and long term problems and injuries correlated 
with chronic high heel use [3]. The purpose of the present study 
is to collect data of the below knee muscle of lower extremity 
and analyze the muscle activity of lower extremity under high 
heel walking. In this study contribution of various below knee 
leg muscles were computed and analyzed in high heel walking 
condition.

II. Methods and Materials 
Six healthy female volunteers between the ages of 18-24 years of 
age who were experienced in wearing high heels were recruited for 
this study. The height, weight,  and  the  shoe  size of  the  recruited 
subjects were  kept  constant  in  order  to  prevent  these  factors 
from biasing the results. The subjects reported not having any 
musculoskeletal or neuromuscular abnormalities that restrict the 
range of lower extremity motion, which might make the wearing of 
high-heeled shoes painful. All subjects were experienced wearers 
of high-heeled shoes as evidenced by self-reported wearing usage 
of at least twice per week. Participants were excluded if they had 
chronic ankle or knee problems. All participants gave informed 
written consent to participate in the study.

III. Instrumentation and Procedure
Surface EMG (BIOPAC Inc., USA) was used to measure the 
activity of GM, GL, SOL and TA. The BIOPAC system comprised 
an MP100 data acquisition unit, and high level transducer HLT100 
coupled to a universal interface module UIM100C. EMG signals 
were digitized, stored and analyzed using AcqKnowledge software 
version 4.1. After cleaning the skin with isopropyl alcohol, active 
surface EMG recording electrodes (BIOPAC Inc., USA, Ag/AgCl, 
diameter 11.4 mm, electrode spacing 20 mm centre to centre ) 
were placed on GM, GL, SOL and TA at standardized sites on 
the dominant leg. All electrodes were taped to the skin to reduce 
movement artifacts and remained in place throughout the study.
[4] The EMG data were recorded at a sampling rate of 1000 Hz. 
Participants carried out three repetitions of walking task under 
each of four conditions; barefoot, and with heel heights of 3 cm, 
6 cm and 9 cm.
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III. Data Processing
The purpose of EMG signal processing is to determine each 
muscle’s activation profile. A raw EMG signal is a voltage that is 
both positive and negative, whereas muscle activation is expressed 
as a number between 0 and 1.The first step is to remove low 
frequency noise. It can be corrected by high-pass filtering the 
EMG signal to eliminate low-frequency noise (allowing the 
high-frequency components to pass through, thus the term high-
pass filter). This must be done before rectifying and the cutoff 
frequency should be in the range of 5–30 Hz. Once this is done, 
it is safe to rectify the signal where the absolute values of each 
point are taken, resulting in a rectified EMG signal. Next step is 
to transform rectified EMG to muscle activation is to normalize 
the EMG signal, which is done by dividing it by the peak rectified 
EMG value [5]. Using the Acq Knowledge 4.1 software, a 20 Hz 
high pass filter was firstly applied to the raw data to remove any 
movement artifacts and then the raw EMG was processed using a 
root mean square moving window of 50 ms duration [6].For each 
participant, the Average Rectified Value (ARV) and Normalized 
value were calculated for GM, GL, SOL and TA in each walking 
repetition by dividing the EMG integral by the contraction time 
interval. The EMG ARV values and Normalized values of GM, 
GL, SOL and TA were then averaged over the three repetitions 
for each condition.

IV. Result
Data were collected using Bio PAC MP150 acquisition system. 
The max EMG ARV value, Normalized mean value, median value 
for GM, GL, SOL, TA are shown in Table for both legs. The EMG 
power and frequency analysis was also done whose data were 
shown in table. Data for average power, average mean frequency 
and average median frequency were shown in table.

Fig. 1: EMG Max Activation for Different Heel Height

Fig. 2: EMG Max Asctivation at Different Heel Height

Fig. 3: EMG Average Power for Different Heel Height

 
Fig. 4: EMG Average Power for Different Heel Height

Fig. 5: EMG  Average Median F for Different Heel Height

Fig. 4, shows that as the heel height increases EMG activity were 
increases in various muscles. GM, GL and SOL shows significant 
increase in EMG activity as heel height increases. TA did not 
show significant change in EMG activity. Similar kind of changes 
for GM, GL and SOL were seen in EMG power analysis. No 
significant changes were seen for TA muscle. 
EMG  frequency analysis was used for fatigue analysis of muscles.
EMG mean, median frequency data were shown in table. Fig for 
median frequency shows that Significant difference were seen 
for GL and GM muscles. A decrease in median frequency value 
were seen for GL and GM. For SOL and TA, increase in median 
frequency were seen. Data for normalized EMG value were taken 
and graph were plotted in MS excel 2007. Graph for gastrocnemius, 
soleus muscle force shows significant differences as heel height 
increases. TA shows changes as heel height increases but these 
changes weren’t significant. For gastrocnemius and soleus muscles 
increase in muscle force were seen in mid stance double support 
region of gait cycle. As the heel height increases SOL and GM 
muscle shows significant increase in muscle force.
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V. Discussion
A typical EMG trace showing raw and normalized GM, GL, SOL, 
TA muscle activity during various heel conditions (barefoot, 3cm, 
6cm, 9cm) were displayed in fig. The EMG power and frequency 
analysis was also done. 
A one-way analysis of variance test (ANOVA) with repeated 
measures was performed to determine the effect of shoe condition 
on subtalar joint moment and activity in the tibialis anterior, soleus, 
lateral gastrocnemius and medial gastrocnemius muscles for each 
subject. Max, Mean and Median values of activity of each muscle 
considered for the shoe conditions of bare, 3cm, 6cm and 9cm. The 
pair wise comparisons with revealed that for GM the difference 
between barefoot Vs 6 cm, barefoot Vs 9cm and 3cm Vs 9cm heels 
was statistically significant (p < 0.05). For SOL the difference 
between barefoot Vs 3 cm, barefoot Vs 6 cm, barefoot Vs 9cm 
and 3cm Vs 9cm heels was statistically significant (p < 0.05). For 
GL the difference between barefoot Vs 6 cm, barefoot Vs 9cm and 
3cm Vs 9cm heels was statistically significant (p < 0.05). No such 
kind of significant changes were seen for TA muscle. When we 
observe changes for muscle group, significant differences were 
seen for TA / GM, GL /GM, GL /SOL muscle group. During EMG 
power and frequency analysis significant differences were seen 
for GM, GL, SOL muscles during comparison of barefoot Vs 6 
cm, barefoot Vs 9cm and 3cm Vs 9cm heels height. Frequency 
analysis reveals significant changes for TA / GL, TA / GM, GM 
/SOL, GL /SOL MUSCLE groups.
EMG analysis of lower limb muscles during high heel walking 
shows significant changes. EMG activities in GM, GL and SOL 
muscles were increases as heel height increases. EMG power 
analysis also shows similar kind of results. During EMG frequency 
analysis, decrease in EMG frequency for GL and GM muscles 
were seen which indicate that chances of fatiguness of muscles 
increases in these two muscles significantly. It was also found in 
this study that median frequency of the gastrocnemius lateralis 
decreased more rapidly than that of the gastrocnemius medialis 
during fatiguing of high-heeled shoe wearer. gastrocnemius 
lateralis muscles of women who regularly wore high-heeled shoes 
were shown to be more vulnerable to fatigue compared with these 
muscles in women who did not wear high-heeled shoes.  
The results of statistically study (ANOVA Test) showed that 
increasing heel height caused increases in EMG activity in GM, 
GL and SOL that was statistically significant (p<0.05) in certain 
conditions. For GM, GL and SOL the increase at 6 cm and 9 cm 
reached statistical significance (p<0.05). The increased activity 
of the gastrocnemius muscle could be due to the controlling of 
the increased plantarflexion of the foot when standing in high 
heels. The increased activity could be a required response, to 
stabilize the ankle joint when wearing high heels. The response 
of the lateral gastrocnemius activity was similar to one other 
study conducted by Gefen et. al., (2002), which showed the 
two heads of the gastrocnemius (lateral head and medial head) 
to respond differently when wearing high-heeled shoes [7]. As 
seen in previous study resultant forces generated by the lateral 
gastrocnemius are transferred down to the Achilles tendon to the 
calcaneus. Since the foot is plantar flexed, the Achilles tendon is 
slackened and the lateral gastrocnemius helps to take up this slack, 
which could result in an inverting moment that acted to incline the 
foot’s skeleton laterally. (Gefen et al., 2002) Studies conducted by 
Lee et. al., (1990) showed a decrease in EMG activity of the tibialis 
anterior while standing in high heeled shoes [8]. Stefanyshyn et al. 
evaluated EMG in rectus femoris during gait, and reported that this 
was significantly increased with heel height increases. The effect 

of high heels on the moments at the knee is believed to be clinically 
important [9]. Kerrigan et. al.,  suggested caution when wearing 
high heeled shoes but called for further research around the effect 
of variable heel height, using standardized controls [10].
There are limitations to the current study and areas that can be 
developed further. The lack of kinematic and kinetic data means that 
confounding variables may be present. However this is common 
to many EMG studies [11-13], only a single activity, walking, was 
studied, and this should be followed up with evaluation during 
activities such as gait and stair ascent and descent, and also after 
muscle fatigue, which could influence the out- come. The group 
of participants observed here consisted of young participants 
and these findings may not be generalized to older populations. 
Finally, this study also used a relatively small sample size, and 
hence the results should be treated with care, and followed up 
in a larger study. Of note, the GM, GL and SOL EMG intensity 
was statistically significantly different from barefoot with a 6 
cm and 9cm heel, whereas for TA the difference from baseline 
did not reach significance until 9cm. However, the altered heel 
height here was sufficient to elicit significantly increased activity 
in below knee muscles. Therefore despite these issues, this study 
provides information that will inform further research and add 
to the evidence base of how heel height affects muscle activity 
around the knee and ankle joint. The results of this study contribute 
towards improving the knowledge base in this field and facilitate 
further research.

VI. Future Work
In Future, shoes will be tested with greater heel height than 9 cm 
to look at their effects and to look at the results of EMG analysis 
of more muscles of leg from subject to subject. Future goals are 
to test a design of a biomechanical correct high heel shoe that 
accounts for anatomical differences of the joint axis.
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