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Abstract 
Most women like wearing high-heeled shoes for the benefit of sensuous attractiveness and self- 
esteem while musculoskeletal problems and gait patterns changes are often associated. The pre-
sent study aimed to identify changes during the gait stance and swing phases in some lower limb 
muscles. In addition, abdominal muscle was included due to its importance in dynamic trunk sta-
bility, and lack of studies on the subject. Here, we found that the use of high-heeled shoes elicited 
not only the increasing of the electrical activity from the muscles involved in the gait cycle, but al-
so altered the temporal sequence of their recruitment. As practical applications, these changes 
may be strategies to maintain stability and minimize risks of falling, but they are often associated 
to diseases. Women that use high-heeled shoes for prolonged time must apply specific muscle ex-
ercises to minimize its long-term effects. 
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1. Introduction 
Most women agree that wearing high-heeled shoes provides a sense of self-esteem and psychological well-being, 
which makes this kind of footwear widely used by them, at different times of their lives. The use of high heels 
shoes is, and will always be, a common practice among western women. 

Nevertheless, some researchers have reported that the use of these shoes has consequent negative effects. 
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Studies suggested that the use of heels can contribute to the development and progression of knee pain [1] [2], 
an increased predisposition toward degenerative knee osteoarthritis [2] [3], low back pain due to increased spi-
nal curvature [4] [5], and changes in gait pattern, such as walking speed and mobility [6]. 

The risks assigned to the prolonged use of high heels, and its popularity among the female population have 
stimulated studies focused in the characteristics of these shoes and its consequences for the musculoskeletal 
system.  

Human gait represents a bipedal, biphasic forward propulsion in which there are alternate and cyclic move-
ments of different segments from the body [7]. One cycle is divided into stance and swing phases, and describes 
the motions from initial placement of the supporting heel on the ground, to when the same heel contacts the 
ground for a second time [8].  

In normal gait, the muscles work in a functional synergy, defined as a pattern of co-activation, and play an 
important role in walking speed control, by reducing or increasing the braking impulse. Furthermore, their ac-
tion enables damping of shocks and vibrations, which reduces the lower limbs impact forces, thereby protecting 
against overuse injuries [8] [9]. 

Studies have shown that wearing high-heeled shoes modifies the normal gait and imposes non-physiological 
conditions to the muscles and joints. This leads to increased metabolic cost and muscle loading, and can acceler-
ate muscle fatigue [1] [10]. 

Previous studies demonstrated that prolonged use of high-heeled shoes increases plantarflexion, and leads to 
limited gas trocnemius (GA) and soleus (SL) extensibility, as well as changes their activation pattern [1] [11]. 
Changes in the behaviour of its main antagonist, the tibialis anterior (TA), however, are still controversial [1] 
[12] [13].  

Experimental results also showed an increased knee joint flexion during stance phase of high-heeled gait, 
which leads to higher knee extensor activation. It is speculated that this may be one reason for the greater inci-
dence of osteoarthritis in the knee joint of women comparing to men [2] [14] [15]. 

Although no agreement on some issues, there is no doubt the biomechanics and muscle activity are signifi-
cantly changed during high-heeled walking when comparing to normal walking. Studies on muscle action are 
still required to elucidate the question, not only related to its magnitude or power, but also to participation of 
each muscle during the cycle (onset/offset assessment). 

In this study, we aimed to identify changes, imposed by the use of high heels, in the activation behaviour of 
some lower limb muscles during the stance and swing phases. Authors expect changes in amplitude and activa-
tion timing during high heels gait as strategies to minimize the risk of falling, the improve stability of the body 
and prevent injuries. 

Moreover, due to the importance of abdominal muscle activity in dynamic trunk stability, assessing the effects 
on activation of rectus abdominis, not yet described in the literature, was also included. 

2. Materials and Methods 
2.1. Participants 
This study aimed to investigate a young homogenous asymptomatic population. Table 1 summarizes the demo-
graphic data for the 20 females subjects selected in our sample. Individuals were similar regarding age, weight, 
height, and body mass index. They were voluntary students from the city of Macapá. The volunteers were cau-
casian and declared themselves sedentary when interviewed for the research, which lasted from February to 
November, 2012. 

 
Table 1. Demographic characteristics of the study population.                           

Variables Mean (SD) 

Age (years) 19.7 (2.0) 

Weight (Kg) 62.7 (14.6) 

Height (m) 1.68 (1.60/1.71) 

BMI (Kg/m2) 22.3 (1.3) 

SD: standard deviation. BMI: body mass index. 
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Participants had the same shoe size (61/2, US/Canada standard) and were included if they had a body mass in-
dex (BMI) of bellow 25 to minimize potential signal artefact from fat tissue. Also, they were inexperienced 
wearers of high-heeled shoes (i.e. less than 4 hours per week) (14). No subject suffered from neuromuscular or 
musculoskeletal disorders and they were excluded if had previous episodes of pain or dysfunction in the six 
months prior to recruitment, or in case of pregnancy. Ethics Committee of Seama faculty approved this study 
(Protocol 061/08) and all participants gave their informed consent before participation. Participants under 18 had 
their informed consent by parents. All research data, including right to withdraw and protection from harm were 
ensured. 

2.2. Equipments 
Electromyographic activity was conducted using the device EMG System do Brasil®, which consists of an ana-
logic-digital converter of 8 channels, with 16 bits of resolution and input range from −12 to +12 volts. Each 
channel is coupled to two active bipolar circular electrodes (Meditrace-Ag/AgCl), of 10 mm diameter, placed in 
pairs separated by 2 cm. 

A computer was connected to the EMG equipment (high-impedance pre-amplifying system) with a gain of 20 
times. Data were sampled at 2000 Hz, band-pass filtered (20 - 450 Hz), and analyzed using a pre-specified routine 
programmed in MatLab (Matlab 2008a, Math Works Inc., MA). 

EMG signal were rectified and subsequently quantified as root mean square (RMS) over a 300 ms window. 
Data obtained during gait were also normalized to maximum voluntary isometric contraction (MVC) data ob-
tained in trials prior to gait acquisitions. Finally, the linear envelope of each muscle was calculated using a sec-
ond order Butterworth low-pass filter (6 Hz cut-off).  

Time normalization of EMG gait data to % gait cycle was performed assuming that gait cycles are periodic 
and assigns consecutive ipsilateral heel strikes to 0% and 100% gait cycle. For that, a digital camera (model 
DSC W-560, Sony) was synchronized to the acquisition system for recording the motion in the sagittal plane. 
We used images to identify the exact time of initial contact and loss of foot contact with the ground, thereby de-
termining cycle phases. 

To detect muscular activation, we used a criteria for establishing the onset and offset activation based on a 
voltage threshold (2 standards deviation beyond mean of baseline) [16]. In situations when this initial process 
was not able to identify onset activation, the muscles were considered activated when EMG signal exceeded 20% 
of the minimum amplitude of the signal average per individual [16]. 

The shoes in this study were commercially available (Vizzano, Brazil), bought with 61/2 sized (US/Canada 
standard), with 7 cm stiletto heels. 

The recordings were analysed using the period of muscle activation (%) during the gait cycle, and the RMS (% 
MVC) in the stance and swing phases. Variables were compared between the barefoot and high-heeled gait. 

2.3. Procedures 
All measurements were performed during gait on a flat walkway, made of ethylene vinyl acetate (EVA), with 
seven meters. 

Volunteers were asked to walk with natural and self-selected speed, firstly on barefoot and then with 
high-heeled shoes.  

The assessed muscles were gastrocnemius medialis (GA), rectus femoris (RF), tibialisanterior (TA) and rectus 
abdominis (RA). The reference electrode was positioned on the spinous process of C7. All procedures were 
taken according to the recommendations of SENIAM regarding skin preparation, position of patient and testing 
connection (Surface EMG for a non-invasive assessment of muscles) [17].  

Three tests of MVC for each muscle were performed. The contractions were maintained for 5 seconds with 1 
minute rest between them. The average of the three tests was used for normalization of the electrical activity 
obtained during gait [18].  

2.4. Statistical Analysis 
Data were tested for normality using Shapiro-Wilk test. Variables normally distributed were compared using the 
t Test (RF and TA data). Variables not normally distributed were compared using the Mann Whitney test (GA e 
RA). Significance level was established for p < 0.05. All tests were conducted using Bio Stat 5.0.  
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3. Results 
Figure 1 shows the RMS amplitude of each muscle during the stance and swing phases of the gait cycle using 
the high-heeled shoes and barefoot. During the stance and swing phase, all the muscles had increased RMS am-
plitude compared their activity without shoes. 

Table 2 shows the duration time of activation of each muscle during the gait cycle. GA and RF had partici-
pated for longer period during gait cycle, when wearing high-heel shoes. RA had less duration time of activation 
when the subject was wearing the high-heeled shoes compared to the barefoot walking. TA had non-significant 
differences in the duration time of activation for both situations. 

4. Discussion 
In the present study, we showed that the use of high-heeled shoes elicited not only the increasing of the electric-
al activity from the muscles involved in the gait cycle, but it altered the temporal sequence of recruitment of 
them.  

 

 
Figure 1. Electrical activity shown as RMS (%MVC), in stance phase (A) 
and swing phase (B). Statistical significance (*) p < 0.05.                   

 
Table 2. Muscle activation duration (% gait cycle).                                    

 ONSET  

 HH BF p-value 

GA 67.8 ± 14.6 45.5 ± 11.7 p < 0.0001* 

RA 77.4 ± 19.3 83.2 ± 20.8 p = 0.027* 

RF 59.4 ± 19.4 42.8 ± 19.3 p = 0.0022* 

TA 55 ± 21.1 60 ± 21.2 p = 0.18 

HH, High-heeled gait. BF, Barefoot gait. Statistical significance (*) p < 0.05. 
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All the muscles in the present study had higher activation as observed by the increased electrical activity dur-
ing the use of high-heeled shoes. Postural adaptation such as exaggerated plantar flexion of foot [10], increasing 
of the flexor moment of knee [13], and displacement of the center of gravity [18] increase the instability during 
the high-heeled gait and could lead to the muscle recruitment as we observed. 

Our study agreed with previous investigations that quantified the RMS amplitude of RF, GA and TA, which 
also concluded about the higher recruitment of them [1] [10] [13]. It was suggested that the higher activation of 
the quadriceps muscle during the high-heeled gait was due the higher flexor moment of knee [6] [13]. It was al-
so observed that GA had increased activity during the high-heeled gait that could predispose to its shortening 
[11]. 

Candotti et al. (2012) explained that GA is the highly recruited during the use of high-heeled shoes due to the 
anterior projection of the body weight forward to forefoot. They demonstrated the higher the heel height, the 
higher the GA recruitment [10]. 

The instability of ankle during the high-heeled gait leads to the co-activation of plantar and dorsal flexor of 
the foot [5]. The changes in the TA muscle during the high-heeled gait are controversial in the literature. Some 
studies found no changes during the high-heeled gait. They suggested that the amplitude of dorsiflexion is 
smaller using high-heeled shoes than with regular shoes, not affecting the TA activation [10] [19]. However, 
Aljkaer et al. (2012) found higher activity of TA muscle during the stance phase of high-heeled gait, and de-
pressed activity during its swing phase [5]. Hong et al. (2013) also showed RMS increasing of TA in the stance 
phase during the high-heeled gait due the stabilization of ankle in this phase. They suggested that the load on the 
muscle could provoke an earlier fatigue and limited endurance [12]. Johanson et al. (2010) found higher activity 
of TA muscle during both phases of the high-heeled gait and they justified that the same muscle is a controller 
of the foot pronation in the beginning of the stance phase [11]. Our study also found higher recruitment during 
both phases of the high-heeled gait. 

Even though the RA is a priority muscle in stabilization of the trunk, this muscle is few included in the inves-
tigations of the human gait. Here, it showed higher RMS amplitude during both phases of the high-heeled gait. It 
was shown that the higher activity of the posterior muscles of the trunk in response to the anterior displacement 
of the centre of gravity provoked by the heeled-shoes [4] [19] [20]. Barton et al. (2009) compared the EMG 
from erector spinae muscles and the obliquus abdominis muscle. They observed a higher increasing of the post-
erior muscle activity. They suggested the inclusion of RA in future investigation [4]. In spite of that, we ob-
served in the present study, some studies investigated the RA activity during the use of high-heeled shoes and 
stated that the gait did not alter the recruitment of this muscle [20] [21]. 

We also quantified the temporal activation of the muscles during the gait. In spite of the increasedRMS am-
plitude, we observed that the longer duration time of muscle activation during the gait cycle occurred only for 
GA and RF, while RA and TA had smaller duration of their activation using high-heeled shoes. It means that 
although the muscles have been highly recruited, their timing analysis varied between the situations of gait.  

Our results agreed with previous investigations about the duration of muscle activation [1] [13]. Prolonged 
plantar flexion of the foot and high flexion of the knee could justify our results [13]. 

RA muscle also was smaller duration of activation during the high-heeled gait. We did find no other study 
describing the temporal activation of RA during gait to compare with our results. But, we suggest that the acti-
vation of the erectors of the spinae muscles demonstrated by some investigations [4] [20] could lead to a reflex 
inactivation of RA.  

The shorter participation of RA during the gait cycle wearing high-heeled shoes can be associated with the 
high incidence of back pain in women that used this kind of shoe [21].  

5. Conclusion 
We suggest that the changes described in the present study are strategies to minimize risks of falling and to keep 
the stability of the body. However, the changes are necessary during the use of high-heeled shoes which can be 
associated to injuries. Women that use high-heeled shoes for prolonged time might do specific muscle exercises 
to minimize its long-term effects. Our limitations stopped on the abdominal muscle due to lack of studies in the 
literature on this type of analysis. In future studies, it would be necessary for a greater number of subjects for the 
study of abdominal muscles and stabilizers of the trunk. 
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