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Abstract 

Purpose: The present study intended to compare the effects on the female body of high-heeled shoe types, including regular high heels, wedge 

heels, and platform heels, with those of sneakers during level walking by examining muscular activity in the lower limbs. Materials and 

Methods: Participants were 20 women in their 20s or 30s who regularly wear different types of size 8 (US size). The heel height tested was 7 cm, 

and electromyographic muscular activation (% maximal voluntary isometric contraction) was measured in the rectus femoris, tibialis anterior, and 

semitendinosus muscles of participants’ dominant legs during walking 15 m at a self–selected walking velocity step speed. Results: Rectus 

femoris revealed significant electromyographic differences among shoe types in terms of muscular activation (p = .013). Multiple comparisons 

among shoe types and activation of various muscles were carried out. These showed significant (p < .05) differences in rectus femoris muscular 

activation among shoe types, most notably between sneakers and platform heels (average -15.69 (SD = 4.22) (p = .002)) and between sneakers 

and high heels (average 13.83 (SD = 4.22) (p = .010)). Conclusion: Results obtained revealed significant variation in muscular activation of 

rectus femoris among shoe types. Multiple pairwise comparisons of the differences in muscular activation of rectus femoris revealed significant 

differences between sneakers and high heeled shoes and between sneakers and platform heels. Therefore, the results of the present study are 

expected to be beneficial for ordinary individuals in selecting appropriate types of shoes that reduce the level of the muscle activation. 
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Introduction 

     High-heeled shoes fulfill the aesthetic desires of women in 

modern society by making them appear taller, possibly projecting 

an impression of authority or independence[1,2,3]. A survey 

conducted with 447 female university students in Korea on their 

experiences wearing high-heeled shoes showed approximately 

85.5% of respondents had worn high-heeled shoes: 63.1% reported 

they wore high-heeled shoes less than once a week; and 5.2% 

reported they wear high-heeled shoes almost every day[4]. 

Reportedly, 61% of female shoes purchased in the Republic of 

Korea in 2015 had heels over 7 cm, showing their ongoing 

popularity[5]. 

     However, according to results from previous studies, wearing a 

high-heeled shoe may cause several problems. High-heeled shoes 

increase pressure from the wearer’s weight on the forepart of the 

foot, affecting soft tissues of the foot and ankle joints, and 

changing the contraction patterns of distal muscles, making the 

ankles less stable[6]. Furthermore, high-heeled shoes increase 

balance thresholds for foot and ankle joints. As a result, they move 

the head backward to maintain balance in the standing position, 

change the degree of lumbar curvature, and induce altered posture 

of normal body posture, such as flexion of hip or knee joints[7]. 

Higher heel height increases the instability of the wearer’s body; 

consequently, increasing the muscle tension and muscle activation 

are induced. The smaller the sole area in contact with the ground, 

the greater the effect found on muscular activation, center of body 

mass, and pressure applied to the soles of the feet[8,9]. Further 

studies explored effects associated with different types of heels and 

shoes, and these have reported a wider shoe sole area is associated 

with decreased vertical and anteroposterior range of variation of 

center of body mass[10]. Despite these negative reported effects of 

high-heeled shoes, the level of preference for high-heeled shoes 

among women still remains high, and there are varieties of high-

heeled shoes such as wedge heels or platform heels. 

     The term “high-heeled shoes” generally refers to shoes with 

elevated heels; in broader context, the term typically refers to such 
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shoes made for women[11]. Wedge heels, named after the shape of 

heel inserted into bottom of shoes like a wedge, have advantages of 

securing stabilized balance despite the heel height[12]. According to 

the book that is written by shoe professionals, platform heels 

absorb shocks from the sole in contact with the ground surface 

through their thick platforms[12,13]. However, on uneven surfaces, 

the thick heel of platform heels may decrease foot and ankle 

stability and potentially result in more risk of injury than other 

types of shoes[13]. Sneakers are light but sturdy canvas and rubber 

or leather shoes, typically worn for leisure activities[14]. Sneakers 

designs have employed ergonomic elements alongside factors that 

promote the sneakers as fashion items[15]. 

     A few studies delving into the general effects on the human 

body of sneakers and high-heeled shoes with differing shapes of 

soles and heels have already been conducted, mainly focusing on 

their area and height. The present study was designed to expand on 

this limited knowledge and identify the effects of varied shapes of 

shoes, specifically for women, on the muscular activation of lower 

limbs. 

Material and Method 

     The 20 participants who participated in the present study were 

selected from women in their 20s or 30s who wore shoes sized 8 

(US size), and who were accustomed to wearing shoes with high 

heels (over 7 cm) more than 4 hours a day, more than 3 days a 

week[16,17,18]. Exclusion criteria were: musculoskeletal disorders; 

diseases of the lower limbs; history of previous lower extremity 

operations; ankle injury in the prior 12 months; lower back pain in 

prior the 12 months; serious deformities in the feet; and 

neurological disorders. 

     Shoes employed for the present study were high heels, wedge 

heels, platform heels, and sneakers (Figure 1). The heel height was 

set at 7 cm, based on the results of a survey of heel-height 

preferences conducted with female respondents in their 20s[19]. The 

size of shoes chosen for the present study was 8 (US size), the most 

common size in a survey about sneakers of respondents in their 20s 

and 30s, wherein the shoe-size distribution was as follows: size 8 

(US size), 26.7%; size 7.5 (US size), 25.9%; size 8.5 (US size) 

17.0%; and size 7 (US size), 16.6%[20]. 

 

Figure 1: Footwear used in the study: A) High-heel, B) Wedge-

heel, C) Platform-heel, D) Sneakers 

     The participants were assigned to wear the 4 types of shoes in 

random order; 2 minutes was allowed for adaptation to each pair of 

shoes before the initiation of each experiment to minimize 

experimental errors due to maladaptation or muscular fatigue[19]. 

Self-selected step speeds for each participant were allowed for the 

walking distance of 15 m used in the experiment[19]. Self-selected 

step speeds checked by using the metronome for consistency 

across the testing. The dominant leg was selected for EMG during 

the 15-m walking session; the dominant leg was distinguished by 

identifying the leg used for kicking a ball[21]. The muscles 

subjected to EMG measurement were the rectus femoris, 

semitendinosus, and tibialis anterior; the protocols of Surface 

Electromyography for the Non-Invasive Assessment of Muscles 

(SENIAM) were referred to for the attachment of adhesive 

electrodes to skin: The electrode was attached to the point on the 

center of line that runs from the superior pole of the patella to the 

Anterior Superior Iliac Spine (ASIS) for the measurement of rectus 

femoris. For tibialis anterior, the electrode was attached to the 

point 1/3 of the way down the line segment connecting the head of 

the fibula to the medial malleolus. The midpoint of the line 

segment connecting the ischial tuberosity to the medial tibial 

epicondyle was the placement for the EMG electrode for 

semitendinosus[22]. The attachment of electrodes was done by the 

same experimenter for all participants to avoid potential errors in 

EMG measurement due to variations in electrode attachment 

technique and placement. 

     A wireless surface electromyography system, the Mini WAVE 

Infinity Waterproof EMG (Cometa Systems Inc, Milan, Italy), was 

employed in the present study to measure muscular activation of 

lower limbs expressed in terms of electromyography (EMG) 

(Figure 2). Three adhesive dual electrodes of Ag-AgCl type, 

spaced 2 cm apart, were selected as surface electrodes for the 

measurement of EMG. The electrodes were attached to each point 

after epilation and subsequent disinfection with alcohol. 

 

Figure 2: EMG measuring tools 

     The frequency used for EMG signal sampling was 2,000 Hz 

with a band-pass filter of 10-500. To standardize EMG 

measurements, the percent maximal voluntary isometric 

contraction (%MVIC) was used for quantification. EMG 

measurement was carried out three times. Measurements of 

muscular activation were collected from participants walking 15 m. 

The average values of the three measurements were used for the 

analysis[23]. The signals of muscular activity collected from the 

experiment were converted into Root Mean Square (RMS) figures 

for the analysis.  

Statistical Analysis 

     PASW for Windows (IBM/SPSS Inc., Chicago, IL) was used 

for statistical analyses. To evaluate differences in %MVIC among 

the three muscles (rectus femoris, semitendinosus, and tibialis 

anterior) in relation to the 4 types of shoes, a repeated-measures 

ANOVA was carried out. The level of statistical significance was 
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set at α=0.05. The Dunn-Bonferroni procedure was used to conduct 

multiple comparisons. 

Results 

     The participants participating in the present study were women 

in their 20s and 30s; the general characteristics comprising 

measurements of age, height, weight, and BMI are summarized in 

Table-1. 

Table-1: General characteristics of the participants 

 Mean ± SD 

Age (years) 27.20 ± 2.60 

Height (cm) 162.35 ± 4.94 

Weight (kg) 55.90 ± 3.66 

BMI 21.26 ± 1.35 

 

     The muscular activities of rectus femoris, semitendinosus, and 

tibialis anterior, expressed in terms of (%MVIC) corresponding to 

each type of shoes, were compared to each other, from which, the 

rectus femoris was found with significant differences in 

measurements of muscular activities corresponded to each type of 

shoes (F = 3.829, p = .013). However, the semitendinosus and 

tibialis anterior did not render significant differences in muscular 

activities corresponded to each type of shoes (p > .05) (Table-2).  

     In respect of multiple comparisons of muscular activities of 

rectus femoris corresponding to each type of shoes, the average 

differences in muscular activities resulted from the correspondence 

of platform heels to sneakers (-15.69 (SD = 4.22)(p = .002)) and 

from the correspondence of sneakers to high heels (-13.83 (SD = 

4.22)(p = .010)) were found statistically significant (p < .05). 

However, the rectus femoris did not exhibit significant differences 

in muscular activities from other types of shoes (p > .005). 

Table 2: Comparison of activation of dominant lower limb muscles in each type of shoes 

 Sneakers Wedge heel Platform heel High heel F p 

MVIC (%) TA 

RF 

ST 

30.51±13.70 

15.89±9.45 

10.07±3.03 

31.76±13.70 

20.49±11.27 

11.39±3.25 

33.59±18.87 

31.58±16.86 

12.16±3.64 

28.86±14.39 

29.72±14.59 

11.31±3.55 

0.638 

3.829 

0.234 

0.594 

0.013* 

0.872 

* p < .05, mean ± standard deviation., TA: Tibialis anterior; RF: Rectus femoris, ST: Semitendinosus 

Discussion 

     This study aimed to identify patterns of muscular activation vis-

à-vis shoe type in the lower limbs of female participants walking a 

level distance of 15 m, using an EMG to measure %MVIC. The 4 

types of shoes evaluated were high heels, wedge heels, platform 

heels, and sneakers. Our goal was to provide women in their 20s 

and 30s with referential information for the selection of shoes. Our 

hypothesis was that different types of high-heeled shoes (high 

heels, wedge heels, and platform heels) would affect muscular 

activation in the lower limbs in different ways in relation to each 

other, as well as in relation to sneakers.  

     Thus, three muscles (tibialis anterior, rectus femoris, and 

semitendinosus) were selected to measure variations in muscular 

activation according to different shoe types. These three specific 

muscles were selected for the following reasons: Tibialis anterior 

suppresses foot drop in the swing phase of walking gait and pulls 

the tibia forward in the stance phase. Rectus femoris limits knee 

flexion, along with the other quadriceps femoris muscles, to 

promote the progression of lower limbs in the stance phase. 

Semitendinosus, as an extensor of the hip joint and a flexor of the 

knee joint, bridges the transition from the intermediate swing phase 

to the terminal swing phase. Thus, these three muscles, involved 

throughout the swing and stance phases, were selected to capture 

the full range of muscular activation[24].  

     Results revealed significant differences in the activation of the 

rectus femoris corresponding with shoe type. However, the tibialis 

anterior and semitendinosus showed no significant differences. 

Therefore, multiple pairwise comparisons of measurements of 

muscular activity of the rectus femoris in different shoe types were 

carried out. The results showed significant differences between 

sneakers and platform heels, and between sneakers and high heels; 

whereas the pairwise comparisons with other shoe types yielded no 

significant differences. The results partially agreed with our study 

hypothesis that measurements of muscular activation of lower 

limbs would vary according to shoe type. However, differences 

were not found in muscular activity between wedge heels, platform 

heels, and high heels. 

     For rectus femoris, such results have been assessed likely to be 

attributable to the backward movement of knee joints of 

participants who wore high-heeled shoes. to maintain balance 

while wearing new and different heights of heels[25]. With the knee 

joint moving backward, the axis of motion becomes more distant 

from the line of gravity. This increases the external moment of 

force straightening the knee joint, and thereby stresses the knee’s 

flexor muscles, followed by a reaction of the muscle spindle reflex 

that activates the alpha motor neurons, causing an increase in 

muscular activation of the rectus femoris[18]. Thus, wearing high-

heeled shoes leads to an increase in the muscular activity of the 

rectus femoris, increasing the anterior shearing force on the knee, 

readily triggering knee pain[26,27]. This lends significance to our 

finding that the muscular activity of the rectus femoris was 

increased by wearing high-heeled shoes in the present study. 

     However, the tibialis anterior and semitendinosus did not show 

significant differences in muscular activation under conditions of 

different shoe types. It is notable, however, that tibialis anterior 

muscular activation levels were higher than those of the other 2 

muscles under all test conditions. This likely represents continuous 

concentric and eccentric contractions of the muscles around the 

ankle to maintain a standing posture. While our test was too brief 

to induce fatigue, these results could support the outcomes of 

previous studies that concluded muscle fatigue would increase due 

to ankle instability as heel height increased[18,28]. 

     On the other hand, the wedge heels yielded no significant 

differences in muscular activity from multiple comparisons with 

different types of shoes, including sneakers, platform heels, and 

high heels. The results are similar to those of a previous paper 

wherein the muscular activity of gastrocnemius increased with heel 

height, regardless of varying the area of heels over widths of 1 cm, 

4 cm, and 9 cm[8]. The results can also be compared with the 

results of another previous study that reported muscular activation 

in different cervical and lumbar levels varying in different standing 
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postures while barefoot and in 3 types of shoes; wedge heel, 

setback heel, and French heel. This was in contrast to the vertebral 

erector muscles, which displayed no significant differences in 

muscular activity among the 3 different types of shoes[29]. Closer 

comparisons associated with the effects of ordinary wedge heels 

were needed in the present study, however most previous studies 

have employed wedge heels which were modified for treatment 

purposes, instead of wedge heels made for ordinary wear[30]. 

     Activity of the rectus femoris revealed significant differences 

between sneakers and platform heels, and sneakers and high heels. 

Thus, the results obtained from the present study are expected to be 

beneficial for women in selecting proper footwear for their daily 

lives. To benefit the 59% of women in modern society who wear 

high-heeled shoes[31], more such studies delving into the effects of 

diverse kinds of shoes on the female body are needed. 

     Limitations: In the present study, varied heel heights of shoes 

affected muscular activation in the lower limbs more than the 

different shapes of shoes. However, a small number of participants 

participated in the present study, limiting its validity compared 

with that of previously conducted studies. Adjustments in data to 

account for diverse factors affecting the human body, and to 

compensate for individual differences among participants, were 

also limited by small sample size[8,32]. Based on the results of the 

present study, future studies to further explore the effects of 

changes in the shapes of shoe heels on the human body are needed 

to clarify these issues. Appropriate suggestions to prevent 

musculoskeletal diseases attributable to the wearing of high-heeled 

shoes could then be made. 

Conclusions 

     According to results obtained from the present study, the 

muscular activity of the rectus femoris, but not semitendinosus or 

tibialis anterior, was found to have significant variation among 

different types of shoes. Multiple pairwise comparisons of the 

muscular activity of the rectus femoris showed significant 

differences between sneakers and platform heels and between 

sneakers and high heels. These results are expected to be beneficial 

for women in selecting appropriate high-heeled shoes for daily 

wear. Our data also suggests directions for further research into the 

topic of heel height and muscle activation. 
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