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ABSTRACT

Rhythmic auditory cue is one of the accepted techniques for the rehabilitation and improvement of motor
control in the healthy elderly and who with movement disorders. The aim of this study was to determine the
effects of auditory cue on the EMG activity of the elderly subjects during cycling. 10 healthy elderly males
participated in this study. The EMG activity of rectus femoris (RF), biceps femoris (BF) and tibialis anterior
(TA) muscles were recorded using an EMG-USB2+ multichannel system (Bioelettronica Italy) (sampling
frequency of 1000 Hz) and bipolar surface electrodes. Using OT BiolLab software the signals were
processed and the RMS of signals was obtained. For the tests, the subjects were asked to pedal with
preferred speed with and without rhythmic auditory cue. Each condition was repeated for three times, and
each test lasts for one minute. There was 3-minutes rest between repetitions. Data was analyzed using SPSS
software (version 24) and repeated measure analysis of variance and paired sample t-tests with significance
level of 0.05. The results showed that, the normalized muscle activity in pedaling with auditory cue was
significantly higher than that of pedaling without an auditory cue (P=0.05). During pedaling with auditory
cue, the normalized EMG activity of right RF and left TA muscles were approximately 1.25 (p=0.03) and
1.22 (p=0.04) significantly greater than un-cued condition, respectively. In conclusion, rhythmic auditory
cue increased the EMG activity of the lower extremity muscles among the elderly. So, in designing an
appropriate training and rehabilitation program for the lower extremity muscles in the elderly, the use of

auditory cue while pedaling as an easy and low-cost training method can be recommended.
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Introduction

It is expected that after 50 years the Iranian elderly population will be increased approximately 11% (1).
There are some difficulties about health care systems of the elderly people (2). Falls are a major public
health concern in this population (3). Approximately 25% to 35% of people aged 65 years or older
experience falls each year. The epidemiology of falls shows that more than 50% of the falls occur during
some form of locomotion (4). Falling in the elderly people can lead to disability, hospitalizations, and
premature death (5,6). Therefore, most of the trainers and physicians exploring the exercises and

rehabilitation programs which prevent falling (7).

Recently, rhythmic auditory cues are among the most widely accepted techniques for the rehabilitation
and improvement of motor control in the healthy elderly and who with movement disorders (8,9,10).
Rhythmic auditory cue is not expensive (11), and it has been considered as an easy-followed method as
well as a home-based training program (12,13). Using auditory cue like a metronome, the movement will
synchronize with the rhythm of metronome (14). By utilizing this method, Gai et al (2018) reported an
increase in spatiotemporal variables of gait like cadence and stride length in the healthy elderly subjects
(15). Also, in the elderly with Parkinson diseases, the positive effect of auditory cues with an increase of
speed, cadence and stride length, reduction of freezing of gait and improvement of automatic gait have
been addressed in many studies (8, 9, 16-19). In another study, Thaut et al., has found that auditory cues

during walking improved temporal stride symmetry and consistency in stroke patients (20).

Moreover, from a neurophysiological aspect, the interactions between the auditory cue and the motor
systems have been reported by many researchers (21,22). The neuronal network underlying sensorimotor
timing has been associated with the beneficial effects of auditory cueing (21,22). In this regard, some
studies have shown that auditory cues could be an efficient neuromuscular entrainment signal in the gait
of stroke patients and auditory cues increase amplitude and decrease variability of the timing of
Gastrocnemius muscle’s EMG activity to improve muscular control in gait (20). Also, Rinaldi et al (2014)
reported greater muscular activity during walking with auditory cue in association with drug intake in
Parkinson patient and they confirmed the hypothesis about the external cues therapy that could be used as
a complement to drug therapy in the improvement of locomotor pattern in Parkinson patients (23).
Furthermore, Paltsev and Elner (24) and Rossignol and Jones (25) have shown that sound input can
modify EMG activity and timing in spinal motor reflexes. Furthermore, in the study of Ridgel et al., in
2015, 3 sessions of high intensity cycling improved motor symptoms in both upper and lower extremities
and reduced falling risk in Parkinson subjects. Based on the results of this research, auditory cueing

modulates cycling speed of older adults and people with Parkinson disease (26).

According to the literature review, there is a wide range of studies which have investigated the effect of
auditory cues on the kinematic variables of gait. But there is a lack of study about investigating the effect

of auditory cues during cycling. Previous study of de Aguiar Greca in 2019 has shown that at similar
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physiological loads, peak compressive and peak shear forces on the knees and ankles during walking were
greater than during cycling. Also, ankle moments were significantly smaller during cycling than walking
and joint loading during cycling is less than during walking which indicate that in certain pediatric
clinical population, cycling may result in less joint pain and thereby reduce barriers to physical activity
(27,28,29).

As mentioned above, auditory cues and cycling both have main effect on the motor performance
improvement in the elderly subjects. So that, persons with Parkinson diseases increased their pedaling rate
in the auditory cueing condition (30). However, the changes of muscle activity during cycling with and
without auditory cues has not been well studied, yet. A better understanding of EMG activity during
cycling with auditory cues could provide precise information for trainers and physicians in designing an
appropriate exercise and rehabilitation programs. So, the aim of this study was to assess the EMG activity
of lower limb muscles of elderly subjects during cycling while rhythmic auditory cueing. We
hypothesized that rhythmic auditory cue would change lower limb muscles of elderly subjects during
cycling.

Material and Methods

Participants

10 healthy elderly males with mean age of 60.7+4.3 years, weight of 71.2+7.7 kg and height of
171.5+4.1 cm respectively participated in this study voluntarily. The participants were fully informed
about the purpose and procedure of the experiment. Then, they read and signed an institutionally
approved consent form prior to entry. The inclusion criteria consist of no history of falls and
independence in daily living activities such as walking. The subjects were excluded if they had a history
of neuromuscular and skeletal disorder, pain limiting daily activities, the problems in hearing, vision and
vestibular systems, Parkinson disease, balance disorders, Alzheimer, and any fractures or injuries in the

lower limbs. All measurements were done in a single session in the morning.

Experiment procedure

Before the recording muscle activity, the preferred speed of pedaling on a bicycle was determined. For
this aim, subjects were asked to pedal with the comfortable speed about 2 minutes, then they ride as fast
as possible for 20 seconds, after then they return to a comfortable speed for 2 minutes and the speed of the
last 2 minutes is recorded as the preferred speed (30). For pedaling with auditory cueing, a metronome
beat was used which placed in front of the bike and heard through a pair of speakers. Also, the RPM
sensor was used for matching the metronome beats with cycling speed. The subjects should match the
pedal speed with metronome beat. For this, the preferred pedaling speed was measured in revolutions per
minute (RPM). The metronome was set as, 2 beat per minute (BPM) was equal to 1 RPM. For example, if

a subject had a baseline pedaling speed of 30 RPM, the matched metronome rate was 60 BPM (30). The
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participants should have listened to metronome beat and every time they hear the beat, they should push
down on the pedal with their right, left, right, left, etc. (30). The RPM sensor was A Wahoo RPM cadence
sensor which has attached to the crankshaft of the bicycle measured the RPM of the participant at 60Hz
and it was connected to the computer with Bluetooth. The model of bike was Azimuth AZ R30.

For recording muscle activity, an EMG-USB2+ multichannel system (Bioelettronica Italy) (sampling
frequency of 1000 Hz) and bipolar surface electrodes were used to record the activity of the tibialis
anterior (TA), rectus femoris (RF) and biceps femoris (BF) muscles bilaterally. Before the tests, the exact
location of the electrodes was determined and the skin area were shaved and cleaned with 70% alcohol.
Then bipolar surface electrodes were placed parallel to the muscle fibers based on the standard method.
The electrode of rectus femoris muscle was placed at the midway between the anterior superior iliac spine
and the upper edge of patella (31). The location of the biceps femoris electrode was at 50% of the line
between the gluteal line and knee joint (32) and for the tibialis anterior, the electrode was positioned on
one-third of the line between the head of the fibula and the internal malleoli (33). The reference electrode
was placed on the participant’s wrist. Then the electrodes and wires were fixed by using tape to avoid
noise.

After preparing subjects, they were asked to pedal under 2 conditions, including A) pedal with
preferred speed without auditory cue and B) Pedal with rhythmic auditory cue which explained above.
Each condition was repeated for three times, and each test lasts for one minute. There was 3-minutes rest
between repetitions.

To normalize EMG data, electrical activity was recorded during a maximum voluntary isometric
contraction (MVIC) for each of the rectus femoris (34), biceps femoris (35) and tibialis anterior (36)
muscles. The MVIC tests were performed before the pedaling tests. The gathered signals were processed
using OT BioLab software with band pass filter of 10-350 Hz and notch filter of 50 Hz and the RMS of
signals were obtained (20). The size of window was set at 200 milliseconds. The mean RMSs of three
repetitions was divided by the maximal RMS obtained from the MVIC test of the same muscle and

expressed as a percentage of MVIC.

Statistical analysis

The data were processed using the SPSS 24 software. Using the Shapiro-Wilk and Leven tests the
normality and homogeneity of variance were determined respectively. Repeated measure analysis of

variance and depended t-test were used for statistical analysis with significance level of 0.05.

Results

Table 1 shows the results of normalized EMG activity of RF, BF and TA muscles during pedaling with
and without auditory cueing. As it can be seen in this table, during pedaling with auditory cue, the
normalized EMG activity of right RF and left TA are approximately 1.25 (p=0.03) and 1.22 (p=0.04)

significantly greater than pedaling without auditory cue respectively. However, there were not any
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significant differences between the electrical activity of the bilateral BF (p>0.05), left RF (p=0.55) and

right TA muscles (p=0.28) between the two conditions.

Also, the result of repeated measure showed that in general, the normalized muscle activity in pedaling

with auditory cue was significantly higher than that of pedaling without an auditory cue (figure 1).

Table 1: Normalized EMG activity of right and left rectus femoris, biceps femoris and tibialis anterior muscles

during pedaling with and without auditory cue

muscle Side Pedaling without auditory cue Pedaling with auditory cue P value
rectus Right 44.5+11 56+20.7 0.03*
femoris Left 44.5+19.6 47.7+£20.2 0.55
biceps Right 40.1+15.2 50.7+19.8 0.06
femoris Left 43.3+17.7 46.8+19.2 0.31
Tibialis Right 41.1+18 46.7£14.2 0.28
anteriot Left 44+20.2 54.1+21.5 0.04*

normal pedaling

pedaling with metronome

Figure 1. Normalized muscle activity in pedaling with and without auditory cue

Also, results showed that during pedaling, the effect of the auditory cue on the activity of RF, BF and TA

muscles was similar and there was no significant interaction between the auditory cue and muscle factors

(p=0.97). Figure 2 shows this result.
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In addition, as can be seen in figure 3, the interaction between auditory cue, side and muscle factors was

not significant (p=0.84).
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Figure 2: Interaction between the auditory cue and muscle factors
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Figure 3: Interaction between the auditory cue, side and muscle factors
Discussion

The aim of this study was to determine the effect of the auditory cue on the electromyographic activity of

rectus femoris, biceps femoris and tibilais anterior muscles while pedaling in the healthy elderly group.
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The results showed that pedaling while auditory cue leads to higher activity of the rectus femoris and
tibilis anterior muscles than un-cued pedaling. By reviewing the literature, there was no study which
investigates the effect of the auditory cue on the EMG of the elderly while pedaling and the results of the
current study are reporting for the first time. In the previous study by Fernandez-del-Olmo (2003), (37)
the burst of EMG in tibialis anterior and gastrocnemius muscles, slope of each burst and the its duration
were studied in Parkinson disease during gait with and without external rhythm (click tone). In agreement
with our results, they found that with stimulation, the slope of the EMG activation increased. Also, in
their study the duration of EMG activation and the interval between EMG responses decreased.
Furthermore, in support of the results of this study, Rinaldi et al (2014) reported higher TA muscular
activity in the terminal swing phase of gait with auditory cue in association with drug intake in Parkinson
patients (23). But the result of this study did not confirm our results about the BF muscle activity. They
reported higher BF muscle activity during auditory cues but, in the current study, the activity of BF
muscle did not differ between two cued and un-cued conditions. This can be for many reasons including:
the studied subjects, the medical condition and the task. As mentioned above, they studied Parkinson
subjects who intake, medication while walking with auditory cue.

The increased EMG activity of biceps femoris and tibialis anterior in this study can be explained as
below. Performing two tasks concurrently (pedaling and hearing metronome beats) may provide an
interference between the motor (pedaling) and cognitive (auditory cue) tasks. Due to the competition
between cognition demands during pedaling, the need for attention may increase (38), which may reveal
by increased muscle activity. In this regard, previous studies have shown that dual-task performance
during walking predisposes the subject to gait instability and falls by increasing cognitive, motor
interferences (39,40,41), so they increase their muscle activity for better motor performance and prevent
falling.

Moreover, some evidence suggests that rhythmic sound patterns can increase the excitability of spinal
motor neurons via the reticular spinal pathway, thereby reducing the amount of time required for the
muscles to respond to a given motor command. Rossignol and Melvill Jones (25) investigated the audio-
spinal influences by using an H-reflex technique. They reported that a sound burst increased the H-reflex
amplitude prior to hopping movements synchronized with a musical rhythm. They also showed that
enhanced gastrocnemius muscle activity during movement occurred while the H-reflex cue was not

maintained during the combination cue condition (25).

Also, previous studies have shown kinematic changes such as longer stride length, higher speed and
normalized cadence during walking with auditory cue due to altered joints kinematic (42,43,44). The
alternation of joints kinematic during auditory cue may lead to increased muscle activity which has seen
in this study. It is a hypothesis which needs further studies.

As during the cycling with rhythmic auditory cue, the person should pedal according to metronome beats,

so it may change the timing of muscle recruitment and activity, but in the current study the RMS of
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signals was investigated. A survey on the timing of muscle activity during pedaling with auditory cue

recommended strongly.

In this study, the effect of rhythmic auditory cue on the muscle activity of male elderly subjects was
investigated during cycling, so the results cannot be generalized to functional activities and female

subjects.
Conclusion

In conclusion, results showed that auditory cue increased muscle activity while pedaling in the elderly.
So, in designing an appropriate training and rehabilitation program for the elderly subjects who have
weaker lower limb muscles, the use of auditory cue while pedaling as an easy and low-cost training

method is strongly recommended.
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