
Introduction
Although observational evaluation of gait during daily life
activities gives us some idea, the human eye cannot fully
perceive many movements within milliseconds. In addi-
tion, the force, moment and muscle activities that occur
while walking cannot be evaluated visually.[1,2] Normal
walking mechanism must be known and distinguished
from the abnormal one for explaining some pathological
conditions related with gait. The actual cause that disrupts
gait and the supporting actions taken to compensate for
this condition should also be understood. Recent studies
suggest using systems that record all the components of
gait by converting them into numerical data for to evalu-
ate the efficacy of treatment.[1–4] Gait analysis is an analysis
technique that plays a role in the diagnosis and follow-up
of many clinical cases. The electrical activation of the mus-

cles during gait analysis can be evaluated by using elec-
tromyography (EMG).

The gluteus maximus (GM) extends the thigh, while
the rectus femors (RF) flexes it. Understanding the activa-
tions of these antagonistic muscles during walking allows
correct interpretation of pathological conditions and out-
come of treatment. For this reason, the aim of this study
was to record the EMG signals of these muscles during
walking in young adults using a surface EMG device and
to evaluate the activations of these muscles during the gait
phases. 

Materials and Methods
Twenty females aged 18 and 26 years with a body mass
index (BMI) between 18.5 and 25 participated in our
study. The ethical permission was given by the Scientific
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Abstract

Objectives: The rectus femoris muscle flexes the thigh, while the gluteus maximus muscle extends it. Understanding the
activations of these two muscles that function in opposition to each other during walking facilitates the interpretation of
gait pathologies. The aim of this study was to evaluate the activations of these muscles during walking by using the surface
electromyography (EMG) technique. 

Methods: Twenty female volunteers aged 18–26 years participated in our study. The electrical activation of the rectus femoris
and gluteus maximus muscles of the participants was simultaneously evaluated by gait analysis. At the same time, spatiotem-
poral parameters and phase parameters were obtained. 

Results: The activation pattern of both muscles was found to be similar. Both muscles reached the highest activation in the swing
phase. The lowest activation was also seen in the pre-swing phase. Both muscles were observed to be active in the loading and
single-limb support phases. 

Conclusion: The fact that these two antagonists muscles are active at the same time suggests that one is functioning con-
centrically, while the other eccentrically. Thus, stabilization of hip joint is provided when the body moves forward. 
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Research Ethics Committee of Trakya University, School
of Medicine before starting the study (Ethical permission
date: 17/07/2013, number: TUTF-GOKAEK 2013/132).
Those with permanent locomotor system disorders and
any physical trauma within the last year were not included
in the study. Volunteers participated to the study after
signing the “Voluntary Informed Consent Form”. 

The gait analysis was conducted in the motion analysis
laboratory of the Department of Anatomy of Trakya
University, School of Medicine, Edirne, Turkey. The
“Zebris® Force Measurement System” was used for the
measurements. The software called “WinFDM”, which is
compatible with the device, was used to display the meas-
urement results and to convert them into digital data. 

The EMG device used in the measurements had 8 ana-
log channels and 4 digital channels. The power supply was
4 pcs of AAA 1.5 V battery. The device measured the elec-
trical activity coming from the muscles and transfered it to
the computer environment via bluetooth. The electrodes
used for the measurement were disposable, self-adhesive
silver/silver chloride (Ag/AgCl) dual electrodes. The
diameter of the electrodes was 1 cm and the distance
between their centers was 2 cm. 

The regions of bilateral GM and RF where the elec-
trodes will be placed were selected in accordance with the
criteria of “Surface electromyography for the non-invasive
assessment of muscles” (SENIAM). In order to reduce skin
impedance, the electrode areas of the skin were shaved and
wiped with alcohol-soaked cotton. The EMG device was
fixed to the participant's waist with the help of Velcro. The
electrodes were placed, and the cables were fixed with a
patch to prevent the electrode cables from creating noise
that would interfere with the signal during movement.
The reference electrode was placed on the tibial tuberosi-
ty. After the placement of the electrodes, the participants
waited 3 minutes without moving for to allow the receiver
surface to fully attach to the skin. Than the participants
were asked to walk at a daily walking speed on the walking
path (about 4.5 m), which consisted of two force platforms
and a wooden block at the same height with these plat-
forms. The recording was taken from a single platform
and the participants were not told from which it was taken.

The participants were allowed to take as many trial walks
as they wanted to make it easier to adapt to the study. The
device was calibrated before each procedure. Each partici-
pant was asked to walk three times on the platform.

Since the EMG signal amplitude can be easily affected
by recording conditions and individuals, a reference value
is determined for each individual. The electrical activity
value that arises during the maximum voluntary contrac-
tion is selected as the reference value.[5,6] Thus, the contri-
bution of the functional capacity of the muscle was deter-
mined according to this reference value. Another sugges-
tion in the literature was to use the peak value of the EMG
amplitude as a reference value.[6] Accordingly, the peak
value in EMG signal was taken as reference and calculated
separately for each individual. The mean and standard
deviation of the data collected from all subjects were cal-
culated. In addition, the activations of the muscles on the
right and left sides were compared.

Statistics were carried out using SPSS for Windows
(Version 20.0, Chicago, IL, USA). Data were expressed as
mean±standard deviation (SD). “One-sample Kolmogorov
Smirnov Test” was used to control normality of the vari-
ables, and the “Wilcoxon signed-rank test” was used to
compare significance between individual differences;
p<0.05 was considered statistically significant. 

Results
The mean age of the participants was 20.6±1.81 years, the
mean height was 162.25±5.83 cm, the mean weight was
56.8±4.92 kg.

The mean values of time-distance parameters and
phase parameters obtained from the gait analysis were
given in Tables 1 and 2 respectively. 

The GM was active in all phases. There was a significant
increase in the activation of the left side in the swing phase
(p<0.05). There was no difference between the other phas-
es in terms of activation. The lowest activation was seen in
the pre-swing phase, while the highest activation was seen
in the swing phase, but the difference was not statistically
significant (p≥0.05). There was no significant difference
between the activations of the right and left side muscles
(p≥0.05). The activation was symmetrical (Table 3). 

Table 1
Spatio-temporal parameters.

SW SL C V TDS 

Mean±SD 6.20±3.10 113.95±12.11 51.50±4.21 3.55±0.51 27.60±2.37

C: cadance (strides/min); SL: stride length (cm); SW: step width (cm); TDS: total double support (%); V: velocity (km/h).
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The lowest activation of the RF was in the pre-swing
phase, while the peak activation was seen in the swing
phase, but the difference was not statistically significant
(p≥0.05). There was no significant difference between the
right and left sides (p≥0.05) (Table 4).

Discussion
The most important findings of the present study were
that activations of GM and RF were similar and these two
muscles were active in each phase of gait. Particularly, the

activation of the RF during gait has been the subject of
many scientific studies, but no consensus has been
reached. Although the reason for the different results was
attributed to the different test techniques (surface elec-
trodes or wire electrodes), there are also differences in the
studies conducted using the same technique.

In studies using surface electrodes, RF activation has
shown triphasic and biphasic patterns. In general, the
highest activation was observed at the beginning of the
stance phase.[7–12] In studies using wire electrodes, the

Table 2
Phases of gait cycle.

Stance phase Swing phase

LR (%) SS (%) PS (%) Total (%) Total (%)

L R L R L R L R L R

13.43±1.41 14.08±1.79 35.90±2.53 36.7±2 14.1±1.58 13.45±1.19 63.46±3.42 64.39±1.8 36.55±3.42 35.65±1.81

L: left side; LR: load response; PS: preswing; R: right side; SS: single support.

Table 3
EMG activation of gluteus maximus.

GM

Left Right P (left) P (right) P (Left-Right)

LR 1.95±0.759 2.1±0.718 P1=0.36 P1=0.903 P=0.572
P3=0.394 P3=0.425

SS 2.3±0.733 2.25±0.786 P4=0.705 P4=0.961 P=0.782
P5=.692 P5=0.744

PS 1.6±0.754 1.85±0.813 P2=0.645 P2=0.530 P=0.272

SP 2.9±0.308 2.9±0.308 *P6=0.012 P6=0.560 P=1.000

GM: gluteus maximus; LR: load response; PS: preswing; P1: comparison of LR and SS; P2: comparison of LR and PS; P3: comparison of LR and SP; P4: comparison of
SS and PS; P5: comparison of SS and SP; P6: comparison of PS and SP; SS: single support.

Table 4
EMG activation of rectus femoris.

RF

Left Right P (left) P (right) P (Left-Right)

LR 2.60±0.681 2.25±0.851 P1=0.795 P1=0.937 P=0.232
P3=0.063 P3=0.692

SS 2.40±681 2.5±0.688 P4=0.230 P4=0.465 P=0.480
P5=0.536 P5=0.352

PS 1.90±0.788 1.60±0.754 P2=0.413 P2=0.324 P=0.222

SP 2.70±0.470 2.65±0.587 P6=0.444 P6=0.723 P=0.782

LR: load response; PS: preswing; P1: comparison of LR and SS; P2: comparison of LR and PS; P3: comparison of LR and SP; P4: comparison of SS and PS; P5: comparison
of SS and SP; P6: comparison of PS and SP; RF: rectus femoris; SS: single support.
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activation showed a biphasic pattern.[13,14] The studies
comparing superficial and wire electrodes reported dif-
ferent peak numbers and phases of the peaks.[15,16] Byrne
et al.[17] concluded that the surface electrode was not suit-
able for recording the activation of the RF. The reason
why the data recorded with these surface and wire elec-
trodes are different is that the surface electrodes are
more sensitive to the sounds coming from the adjacent
muscles.

In our study, we found that activation of the RF was
particularly high in the loading, single-limb support and
swing phases. Its activation began to increase during the
transition from the pre-swing phase to the swing phase in
most of the subjects. Likewise, there was an increase dur-
ing the transition from the loading phase to the single-
limb support phase. These triphasic results are consistent
with the study by Nymark et al.[9] but the sizes of the bursts
are different. The activation in the swing phase is consis-
tent with the results of studies conducted with superficial
and wire electrodes.[5,6,13,15,17] 

We found an activation in the RF in the loading phase,
but there are very different results about this in the litera-
ture. There is not much information on the activation
time of the RF during walking but the relationship
between speed and activation has been compared. Barlett
et al.[18] examined the GM in two parts, upper and lower.
They found that the the upper part start contraction at the
beginning of the stance phase and at the end of the swing
phase. They also found the lower part start contraction in
the same phases but the activation was slightly lower than
the activation of the upper part. Wall-Scheffler et al.[19]

found the activation of the GM to be highest at the begin-
ning of the stance phase. They observed that the activa-
tion was lowest in the pre-swing phase, and the activation
increased again at the end of the swing. This information
reveal that the activation of GM was not reported as con-
flicting as the activation of the RF.

We analyzed the activation of bilateral GM in the
present study. The activation patterns of the GM and RF
were similar and no significant difference was found
between two sides. The activation of the GM was high in
the loading phase, single-limb stance phase and the swing
phase. We found the lowest activation in the pre-swing
phase. In vast majority of the participants, the activation
started to increase during the transition from the stance
phase to the swing phase. The highest activation was
observed in the swing phase, the second one in the single-
limb stance phase, and the third one in the loading phase.
This pattern is consistent with the results of Wall-
Scheffler et al.[19]

We observed the electrical activation patterns of the
GM and RF to be similar. The phases in which both have
the lowest and highest activation are the same. In addition,
the activation sizes are close to each other. However, the
GM is a hip extensor, while the RF is a thigh flexor. In this
case, their activation at the same time may mean that while
one functions concentrically, the other functions eccentri-
cally. This activation can explain both controlled move-
ment and maintaining the stabilization of the hip joint
while moving the trunk forward. 

There are some limitations for these kinds of studies.
Gait parameters are affected by many conditions as well as
change with age. We suggest that standart values can be
obtained by conducting a study in different age groups in
a larger sample.

Conclusion
The activation patterns of the RF and GM were found to
be similar on surface EMG. The fact that these two antag-
onists muscles are active at the same time suggests that
one is functioning concentrically, while the other eccen-
trically. Thus, stabilization of hip joint is provided when
the body is moved forward. The data in the present study
was obtained from healthy young females. Therefore, we
suggest that this data can be used a guide for making com-
parative analysis to better understand pathological condi-
tions. 
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