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Original Article

Introduction: The aim of this study was to assess the effects of virtual reality (VR) on the electromyographic
(EMG) activity of the lower limb muscles during gait on the treadmill in the elderly.

Materials and Methods: 12 elderly male subjects participated in this study voluntarily. Using an EMG-USB2+
multichannel system (Bioelettronica, Italy) (sampling frequency of 1000 Hz) and bipolar surface electrodes, the
electrical activity of tibialis anterior (TA), rectus femoris (RF), and biceps femoris (BF) muscles were recorded
bilaterally during walking with the preferred speed with and without VR environment on the treadmill. The maximal
voluntary isometric contraction (MVIC) method was used for the normalization of signals. The gathered signals were
processed using OT BioLab software with a bandpass filter of 10-350 Hz and a notch filter of 50 Hz. The data were
processed using repeated measures analysis of variance (ANOVA) and paired sample t-test in SPSS software at a
significance level of 0.050.

Results: The findings showed that during walking in VR environment, the EMG activity of bilateral RF muscles and
right TA muscle of the elderly subjects were significantly higher than normal walking with about 1.97 (P < 0.005),
1.91 (P < 0.003), and 2.03 (P < 0.002) times, respectively. But the differences between EMG activity of right
(P < 0.280) and left (P < 0.990) BF and left TA (P < 0.080) muscles were not significant during walking with and
without VR. Overall, VR had the main effect on the muscle activity of the elderly subjects (P < 0.007). Moreover,
there was a significant interaction between VR and muscle factors (P < 0.036).

Conclusion: The results indicated that VR increases the EMG activity of lower extremity muscles among the
elderly, thus it can be recommended strongly in the rehabilitation of lower extremity muscles in the elderly.
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Introduction
More than two-thirds of the population in developing
countries, including Iran, are elderly, and are
projected to increase by more than 300% by 2025 (1).
Thus, the elderly health care systems will have a
tough fight ahead to meet the growing needs they face
in caring for them (2). One of the major challenges to
the elderly’s general health is the problem of falling
(3). Research suggests that one in three elderly people
over the age of 65 falls at least once a year (4). This
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rate increases rapidly with age and as the person
becomes weaker (3,5). More than 50% of falls occur
in the elderly while walking (6). Therefore, falls in
the elderly, the factors affecting it, reducing the
frequency of repetitions, and rehabilitation methods
have been considered by many researchers who study
the injuries and consequences of falls in these people
(7). The use of the virtual reality (VR) environment is
one of the newest methods in the rehabilitation,
training, and learning in these people (8). VR is a
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EMG activity during gait in virtual reality

technology that allows the user to be in a virtual
simulated environment by the computers and see the
different angles of the environment and current events
in it, hear the sounds in the environment according to
their position, and affect events with their behavior
and movements (9). VR motion rehabilitation often
uses play therapy; So that during the activity in the
virtual environment, the patient’s involvement in the
presented activity is increased and fatigue and
boredom are minimized, in addition to increasing the
patient’s motivation and adherence to the
rehabilitation process. Another advantage of VR is to
provide information on the real position, body part in
real time, or even the position of the center of
pressure. This information enables patients to set up
virtual motor rehabilitation systems and provides
important information about the patient progress (10).
As a rehabilitation tool, VR provides a challenging
but safe and credible environment and can provide
different levels of stimulus types (11). However, due
to the lack of tactile feedback, this method may lead
to patterns that differ from what actually exists (12).
Virtual environments have become very common
in walking rehabilitation. VR rehabilitation is a
combination of physical therapy and virtual
environment that reduces pain and increases
satisfaction in the patient (13). In this regard, Forkan
et al. in their study of elderly people with balance
disorders, showed that a virtual exercise program
increases walking speed in these people (14).
Mirelman et al., in their study of the effect of
exercise in a virtual environment on the biomechanics
of gait in patients with myocardial infarction (M),
found that the virtual environment group had more
power produced and ankle range of motion (ROM)
compared to the control group, but in kinematics or
kinetics of the hip joint, no difference was observed
between the two groups. In the knee joint, the VR
group showed more changes in ROM (15). Powell
and Stevens also reported that when walking on a
treadmill in a virtual environment, different factors
affecting virtual reality such as visual cues (lines
inside VR and virtual reality locations such as forest,
desert, or street) and different auditory cues, affected
the speed of walking differently (16). Moreover, the
findings of the study by Deutsch et al. revealed that
cycling in VR increases VO, max in individuals with
MI and can be used as a treatment with mobility
exercises to improve patients with this problem (17).
A review of previous studies showed that activity
in a virtual environment can affect a person’s gait and
improve its quality, but it is not yet clear how activity
in a VR can change muscle activity. And the effect of
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VR on the intensity of different muscle activity has
never been reported. Knowledge on how VR affects
the activity of different muscles can be a good guide
in designing training and rehabilitation programs for
the elderly for doctors, physiotherapists, and physical
education instructors. Therefore, the present study is
carried out with the aim to determine the effect of
activity in a VR on electrical activity of lower limb
muscles in the elderly when walking on a treadmill.

Materials and Methods

This was a quasi-experimental and causal-comparative
study conducted with an applied purpose. The
statistical population of the study consisted of healthy
elderly men in Tabriz, Iran, of whom 12 people
participated in the study voluntarily using the
purposive sampling method as a statistical sample.
Using the G*Power software, for the test power of
0.95, a = 0.05, and the effect size of 0.65, 10 samples
were obtained to be sufficient. Before the subjects
participated in the study, the test objective was
explained to them and a written consent form was
obtained from them. The study was reviewed at Tabriz
University and approved with the ethics code
IRTABRIZU.REC.1399.023. The study inclusion
criteria for the elderly included physical health, no
history of falls, independence in daily activities, and
the ability to walk independently. Having a history of
neuromuscular and musculoskeletal disorders, pain
limiting daily activities, hearing, vision, and atrial
system problems, Parkinson’s disease (PD), balance
disorders, Alzheimer’s disease, fractures, and any
lower limb injury or surgery affecting their gait pattern
(18-21) were also considered as the exclusion criteria.

To record the electrical activity of the muscles, an
80-channel  electromyography  (EMG)  device
(USB2 +, Italy) with a sampling frequency of 1000 Hz
and bipolar gel-layered surface electrodes with an
inter-electrode distance of 1.7 cm was utilized. The
electrodes were placed on the rectus femoris, biceps
femoris, and tibialis anterior muscles of the right and
left legs according to the Surface ElectroMyoGraphy
for the Non-Invasive Assessment of Muscles
(SENIAM) standard protocol. For the rectus femoris
muscle, the electrode was located one-third of the
distance between the anterior superior iliac spine to the
upper edge of the patella (22), the biceps femoris
electrode was on the largest part of the biceps and in
the middle of the line connecting the ischial tuberosity
to the knee lateral condyle (23), and the tibialis anterior
muscle electrode was located on one third of the line
between the fibula head and the tip of the medial
malleolus (24).
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Methodology: First, the study objective and the
desired skill were introduced and taught to the
subjects and a written consent to participate in the test
was obtained from them. Then, to record the EMG
activity of the muscles, the skin of the subjects was
first prepared according to the European
Recommendations for Surface ElectroMyoGraphy. In
this way, after determining the exact location of the
electrodes, it was shaved using a Gillette razor and
the excess hair was removed. Then, using cotton and
alcohol, their skin surface was thoroughly cleaned
and the surface electrodes were positioned on the
muscles parallel to the muscle fibers, according to the
standard method mentioned earlier, and fixed with
anti-allergy glue and bandage to prevent noise due to
the electrode moving on the skin. Furthermore, to
prevent noise, the wires were collected and tied to the
person’s body using a bandage. The reference
electrode was also connected to the individual’s wrist.
After preparing the skin and installing the electrodes,
the subject stood on the treadmill and walked at the
preferred speed on the treadmill with the “Go”
command. In order for the subject to get acquainted
with the treadmill and to determine his preferred
walking speed, they were asked to start walking at a
slow speed of 1 km/hour. Then the speed of the
treadmill gradually increased by 0.1 km/hour, and
these increases continued until the person announced
that he had reached a speed at which he could walk
comfortably (neither slowly nor fast). After
specifying this speed, the speed of the treadmill was
increased and decreased by 0.5 km/hour again to
confirm the desired speed of the person (25-27). After
determining the preferred speed, the subjects rested
for 3 minutes. The muscle activity was then recorded
for 3 minutes while walking at the preferred speed
with and without VR. To walk with VR, a VR
program was played by a projector on a screen
mounted 2.5 meters from the treadmill, and the
subjects were asked to walk on the treadmill while
watching the video. In this video, the virtual
environment was surrounded by mountains, forests,
and various landscapes along the way. There was also
a 5 minute break between walking with and without
VR. To normalize the EMG data, the electrical
activity during maximum voluntary isometric
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contraction (MVIC) for each of the rectus
femoris (28), biceps femoris (23), and tibialis anterior
muscles (29) was recorded based on the methods
mentioned in the articles cited. After collecting the
EMG signals, the OT BioLab software was employed
to process the signals. Thus, the EMG signals were
first filtered using a 10-350 Hz band-pass filter and a
50 Hz Notch filter. Then, their root mean square
(RMS) was extracted. To normalize the data, the
RMS obtained for each muscle was divided by the
RMS obtained from the MVIC activity of the same
muscle and calculated as a percentage. Besides, the
Shapiro-Wilk test was used to examine the normality
of data distribution and repeated measures analysis of
variance (ANOVA) and paired t tests to evaluate the
intra-group differences. Finally, the data were
analyzed in SPSS software (version 24, IBM
Corporation, Armonk, NY, USA). P < 0.05 was
considered as the significant level.

Results
12 people with a mean age of 61.8 & 3.9 years, mean
height of 1679 + 5.1 cm, and mean weight of

75.1 4+ 11.5 kg participated in the study.

Table 1 represents the results related to the
assimilated activity intensity of the rectus femoris,
biceps femoris, and tibialis anterior muscles in two
modes of walking in virtual environment and
preferential walking. Accordingly, the assimilated
activity intensity of the right and left thigh muscles and
the right tibialis anterior muscle when walking in the
virtual environment was significantly about 1.97
(P = 0.005), 1.91 (P = 0.003), and 2.03 (P = 0.002)
times more than that of walking without VR,
respectively. However, there was no difference
between walking with and without VR in the
assimilated activity intensity of the right biceps femoris
(P = 0.280) and left biceps femoris (P = 0.990)
muscles. A similar result was observed in the left
tibialis anterior muscle (P = 0.088).

The factor analysis results suggested that
regardless of the effect of other factors, in general, the
assimilated activity intensity of the muscles in
walking conditions with VR was higher than normal
walking (P = 0.007) (Figure 1).

Table 1. Assimilated activity intensity results of rectus femoris, biceps femoris, and tibialis anterior muscles

Normal walking (mean + SD) = Walking in virtual environment (mean+SD) | P |

Rectus femoris  Right 343+14.2 67.6 £19.3 *0.005
Left 375175 72.1+16.5 *0.003

Biceps femoris  Right 325+13.4 39.7+25.4 0.280
Left 39.3+£17.9 39.2+22.9 0.990

Tibialis anterior Right 32.7+10.1 66.6 + 23.0 *0.002
Left 34.6 £8.5 49.0 £20.9 0.088

SD: Standard deviation
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Normal walking m  Virtual walking

MVIC (%)
-

Normal walking Virtual walking

Figure 1. Comparison of the assimilated muscle
activity intensity in normal walking and walking

in a virtual environment
MVIC: maximum voluntary isometric contraction

The results showed that walking in VR
environment increased the assimilated activity of the
tibialis anterior and rectus femoris muscles
significantly more than the biceps femoris muscle and
a significant interaction was observed between the
VR factor and muscle (P = 0.036) (Figure 2).

Normal walking == Virtual walking

MVIC (%)

- 4 % 4% 5 v < >
/
\
\

Rectus femoris  Biceps femoris  Tibialis anterior

Figure 2. Virtual reality (VR) and muscle interaction
MVIC: maximum voluntary isometric contraction

The effect of VR on the intensity of activity of the
rectus femoris, biceps femoris, and tibialis anterior
muscles was similar on both right and left sides of the
body and no significant interaction was observed
between the muscle, VR, and body side factors (P =
0.310).

Discussion
The aim of this study was to investigate the effect of
VR on EMG activity of the rectus femoris, biceps
femoris, and tibialis anterior muscles when walking
on a treadmill. The findings indicated that in general,
walking in a virtual environment increases the
assimilated muscle activity intensity, and the activity

Yazdani et al.

of the rectus femoris and tibialis anterior muscles
when walking in a virtual environment was
significantly higher than walking without VVR. Based
on a review of the research literature, the EMG
activity of muscles when walking with and without
VR was reported for the first time in the present
study. Therefore, no study was found to directly
compare its results with those of the present study.
Only in a study by Park et al., which examined the
activity of the tibialis anterior, gastrocnemius, erector
spinae, and rectus abdominis muscles in young people
before and after six weeks of VR and non-VR balance
exercises, it was found that the balance training group
in VR had higher activity of the tibialis anterior and
gastrocnemius muscles (30); this was consistent with
the findings of the present study in the tibialis anterior
and rectus muscles when walking in a virtual
environment. Additionally, in confirmation of the
findings of the present study, Sharifmoradi and
Farahpour showed that in healthy elderly with PD, in
general, the intensity of muscle activity while walking
with visual task was significantly higher than it
during normal walking (31). Elhami and Yazdani also
concluded that in people with cerebral palsy (CP),
dual visual task while walking had a significant effect
on increasing the intensity of muscle activity (32).
Performing two tasks at the same time (walking and
watching a video on the wall) leads to interference in
tasks when walking in a virtual environment and
requires a division of attention between the two tasks.
Hence, due to the competition between cognitive
demands of the dual task while walking, more
attention may be required and make it difficult for the
person to control his balance while walking (33).
Therefore, the individual’s muscle activity may
increase as a compensation to maintain balance while
walking while performing the dual task. On the other
hand, Park et al. indicated that balance training in a
virtual environment increases the stability of the
ankle joint and also changes the movement of the
center of pressure of the foot in the anterior-posterior
and internal-external directions (30).

Since the tibialis anterior muscle plays an important
role in ankle strategy and is one of the most important
muscles in maintaining balance, with increasing
muscle stability and calling for more movement units,
with increasing the stability of the ankle and
controlling the movement of the center of pressure, the
person can maintain dynamic balance when walking in
a virtual environment. Studies on the effect of a VR
training course also support the effective role of these
exercises in improving balance (34), increasing ankle
joint stability (30), and increasing ankle strength
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(35,36). Dunning et al. (35) and Mirelman et al. (15)
reported in their studies that practicing in VR, by
increasing the strength of the ankle, can affect the
kinematics of walking and increase the speed and
rhythm of walking (35,36), step length (36), and ROM
of the ankle (35) in patients with stroke.

The results of previous investigations have shown
that virtual environment programs lead to more
dynamic movement, which in turn will require more
muscle activity (30). In this regard, Mirelman et al. in a
study on the effect of exercise in a virtual environment
on the biomechanics of gait in patients with MI,
reported that the virtual environment group had more
power production and ankle ROM, as well as more
knee ROM compared to the group without a virtual
environment, but they did not observe any difference in
kinematics or Kinetics between the two groups (15).
Therefore, in addition to the above, increasing the
activity of the rectus femoris and tibialis anterior
muscles when walking in a virtual environment can be
attributed to the role of these muscles in increasing
power production and higher increase in the ankle and
knee ROM when exercising in a virtual environment.

Other causes of the increased muscle activity
when walking in a virtual environment include the
role of the virtual environment in providing visual
feedback. In their study of patients with stroke,
Quaney et al. found that the virtual environment
could increase brain activity by providing
compensated visual feedback and, by increasing
muscle activity, increase the ability to grasp in
patients with stroke (36).

In the study of muscle activity in the elderly with
impaired balance when walking with dual tasks,
Azadian et al. concluded that the activity of the
tibialis anterior and vastus lateralis muscles in these
conditions was significantly less than normal walking
(33), which contradicted the findings of the present
study. In a study by Sharifmoradi and Farahpour, it
was found that the secondary cognitive task factor
had a significant effect on reducing the intensity of
lower extremity muscle activity in the stance and
swing phases of gait (31). In the study of Elhami et
al., in general, no difference was observed between
the intensity of muscle activity of healthy youth when
walking with and without dual tasks (32). The
inconsistency of the results of the present study with
the abovementioned ones can be attributed to the type
of subjects studied, age, type of task presented while
walking, and the type of variable extracted from the
EMG signals. In the studies of Azadian et al. (33) and
Sharifmoradi and Farahpour (31), the elderly with
poor balance and the elderly with PD were studied,
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respectively. Most of these people walk more slowly
during the secondary task and have a small length of
step due to the fear of falling, which can be a reason
for the decrease in muscle activity in these people
during dual tasks. Moreover, in the study of
Sharifmoradi and Farahpour, the mean assimilated
integrated electromyography (IEMG) of muscles in
millivolts per second was calculated as the logarithm
to base 10 and analyzed (31); while in the present
study, RMS of the signals was extracted.

The results of the present study indicated that
walking in VR environment increased the assimilated
activity of the tibialis anterior and rectus femoris
muscles significantly more than that of the biceps
femoris muscle and had no effect on the activity of
the biceps femoris muscle. In confirmation of the
findings on the biceps femoris muscle, Park et al. did
not observe any change in the activity of the erector
spinae and rectus abdominis muscles after balance
exercises in the virtual environment (26). Based on
the above result, it can be claimed that activity in the
virtual environment does not have the same effect on
the intensity of activity of different muscles, and
training in the virtual environment can change the
activity of some muscles more than others.

Limitations

In the present study, the effect of VR on the muscular
activity of the elderly while walking was investigated.
Therefore, the results obtained cannot be generalized
to other functional activities. Furthermore, in the
present study, only the male elderly were examined.
Investigating the effect of VR on EMG activity in
men and women may have interesting results that are
recommended to be performed in future studies.

Recommendations

In the present study, the intensity of muscle activity
when walking in the virtual environment was
investigated without considering other biomechanical
parameters such as kinematics and kinetics of the
joints as well as the ground reaction force (GRF);
while the study of movement from different aspects
can provide a more complete understanding and be a
more appropriate treatment guide. Therefore, it is
recommended that in future studies, the effect of VR
on the kinematics and kinetics of joints and the body
be investigated.

Conclusion
Since walking in a virtual environment can increase
the activity of the tibialis anterior and rectus femoris
muscles, its use is highly recommended as an easy,
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low-cost, and relatively new training method in
designing a suitable exercise program for the elderly
with weak lower limb.
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