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Abstract

Background: Neck pain is one of the most prevalent musculoskeletal conditions. Manual mobilization plus exercise are recom-
mended for treating people with acute neck pain with movement coordination impairments. Therefore, it is important to consider
a safe and effective coordination exercise for the cervical muscles. Using an oscillating device by holding it in the mouth might be a
type of coordination exercise for the cervical muscles.
Objectives: This study aimed to compare the activities of the cervical muscles while using an oscillating blade held in the mouth
with different swings.
Methods: Ten healthy male university students participated in this study (20.8± 0.9 years). The activities of the sternocleidomas-
toid and cervical extensor muscles were measured using electromyography while using an oscillating blade held in the mouth in
horizontal orientation (up-down oscillation). Participants were asked to oscillate the device in one of the following swings: Cer-
vical flexion-extension and knee flexion-extension. Both exercises were performed in a standing position. All EMG activities were
normalized by EMG activities during maximum voluntary contractions of those muscles.
Results: The activities of the sternocleidomastoid with knee flexion-extension (5.7± 4.8 %) present significantly lower muscle ac-
tivities (P = 0.011) than those with cervical flexion-extension (12.2± 8.6%). The activities of the cervical extensor muscles with knee
flexion-extension (10.7± 6.5%) present significantly lower muscle activities (P < 0.001) than those with cervical flexion-extension
(17.5± 10.3%).
Conclusions: The results of this study indicated that the exercise with knee flexion-extension had lower load for the cervical muscles
than that with cervical flexionextension. The findings of this study could be basic information for grading intensity of cervical
coordination exercise using an oscillating blade held in the mouth.
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1. Background

Neck pain is one of the most prevalent musculoskele-
tal conditions (1). Manual mobilization techniques plus
exercise are recommended for treating people with acute
neck pain with movement coordination impairments (2).
Neuro muscular changes in response to training are spe-
cific to the mode of the exercise performed. Therefore, it
is important to consider a safe and effective coordination
exercise for the cervical muscles.

The activities of the limb and trunk muscles during the
use of an oscillating device held in 1 or 2 hands were previ-
ously analyzed (3-10), and the device has been used for ro-
tator cuff muscle strengthening and trunk stabilizing exer-
cise. The oscillating device may be designed to induce the
user’s muscle rapid recruitment or decruitment (5). There-

fore, using an oscillating device by holding it in the mouth
might be a type of coordination exercise for the cervical
muscles.

To estimate individual muscle activities by observ-
ing human movements is impossible. Electromyography
(EMG) could be used to measure the electrical muscle ac-
tivity levels. Quantitative data, normalized with respect to
maximal voluntary contractions (MVC), are required to se-
lect the most appropriate intensity of coordination exer-
cise for the cervical muscles. A previous study classified
muscle activity of 0% to 20% of the MVC (%) as “low”, 21 to
40% as “moderate”, 41 to 60% as “high”, and greater than
60% as “very high” (11). Additionally, a muscle activity of
more than 40% - 60% indicates a muscle strengthening
stimulus (12). To obtain a muscle endurance capacity or to
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maintain stability is less than 25% (12). However, there is no
study about the activities of the cervical muscles while us-
ing an oscillating blade held in the mouth. To achieve up-
down oscillation of an oscillating device held in the mouth
in a horizontal orientation, swings used would be cervical
flexion-extension or knee flexion-extension in the standing
positon.

2. Objectives

This study aimed to compare the activities of the cer-
vical muscles while using an oscillating blade held in the
mouth with different swings.

3. Methods

3.1. Participants

Ten healthy male physiotherapy students of the
Kawasaki University of Medical Welfare were recruited
through advertisements. The mean (± standard devia-
tion) age, height, and weight of the subjects were 20.8 ±
0.9 years, 165.8 ± 5.2 cm, and 65.1 ± 12.3 kg, respectively.
Participants were excluded if they had neck pain over the
previous year, a history of orthopedic disorders affect-
ing the neck or neurological disorders. This study was
conducted with approval of the Research Ethics Commit-
tee at Kawasaki University of Medical Welfare (#18-023).
Written informed consent was obtained from all subjects.
The protocol for this study is consistent with the ethical
guidelines of the 1975 Declaration of Helsinki.

3.2. Procedure

EMG were recorded using disposable surface elec-
trodes (Blue Sensor P-00-S; Mets Co. Ltd., Tokyo, Japan).
Bipolar electrode pairs were placed longitudinally over
the muscle at 2.5-cm intervals. A grounded electrode was
placed over the right collarbone. EMG were recorded from
the right sternocleidomastoid muscle midway between
the mastoid process and manubrium of the sternum and
from the C4 cervical extensor muscles 2 cm lateral to the
C4 spinous process using an EMG system (MyoSystem 1200;
Noraxon Inc., AZ, USA). The EMG signals were band-pass fil-
tered (10 - 500 Hz) and stored at a sampling frequency of
1000 Hz.

An oscillating blade (Facial Fitness PAO; MTG Co. Ltd.,
Aichi, Japan) is a flexible polyurethane with a natural fre-
quency of 2 - 3 Hz (width, 540 mm; depth, 65 mm; height, 35
mm; and weight, 1.7 N) (Figure 1). The activities of the ster-
nocleidomastoid and C4 cervical extensor muscles were

Figure 1. An oscillating device

measured for 5 s while using the oscillating blade held in
the mouth in horizontal orientation (up-down oscillation)
(Figure 2). After a brief instruction and practice session,
participants were tasked to oscillate the blade over a 15-
s period in one of the following swings: Cervical flexion-
extension and knee flexion-extension. Both tasks were per-
formed in a standing position. Participants were also asked
to keep the amplitude of the outer blade at the height of
the eyebrows when the outer blade rises remarkably dur-
ing oscillation. During the practice and recording, visual
feedback was obtained from the participant using a mirror
that was positioned 1.5 m away from the participant’s face.
Verbal instructions for cervical flexion-extension and knee
flexion-extension tasks were “use your cervical flexion-
extension in achieving oscillation” and “isometrically hold
your cervical joints and use your knee flexion-extension in
achieving oscillation,” respectively. The order of the tasks
was randomized. Data were collected two times for each
task. The average EMG values during the task were normal-
ized relative to the MVC (%), which was obtained in the iso-
metric maximal exertion tasks, using a standard manual
muscle test described by Hislop et al. (13). The MVC was
held for 5 s and the average EMG values were used.

3.3. Statistical Analysis

The statistical analyses were performed using SPSS
Statistics 23 for Windows (IBM Inc, Chicago, IL). After using
the Shapiro-Wilk test, the reliability of the measured values
of the activities of the cervical muscles were examined by
calculating the intraclass correlation coefficient (ICC1, 2).
The standard error of measurement
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Figure 2. An oscillating device by holding in the mouth in horizontal orientation

SEM = SD ×
√
1− ICC

and the minimal detectable change for a 95% confi-
dence interval

MDC = SEM ×
√
2× 1.96

were calculated (14). The paired t-test was used to exam-
ine the significance of differences between swings. P val-
ues < 0.05 were considered statistically significant. The G-
Power software (Franz Faul, University Kiel, Germany) was
also used to calculate the post-hoc effect size and the actual
power of the sample.

4. Results

The reliability of the measured values is listed in Table
1. Both muscles in knee flexion-extension present signifi-
cantly low muscle activities compared to those in cervical
flexion-extension (Table 2).

5. Discussion

This study quantified the activities of the sternoclei-
domastoid and cervical extensor muscles while using the
oscillating blade held in the mouth. In the both tasks,
motion in the participant’s neck must be minimized to
achieve oscillation at its natural frequency; excessive neck
movement interferes with coordination necessary to iso-
late reciprocal motion to the head (5, 7), and coordinately
induced “low” muscle activity of the sternocleidomastoid
and cervical extensor muscles (11). The intensity of both
cervical muscles may be suitable in providing endurance
and stability (12).

The activities of the sternocleidomastoid and cervi-
cal extensor muscles in knee flexion-extension were lower
than those in cervical flexion-extension. The difference
in both cervical muscle activities between knee flexion-
extension and cervical flexion-extension would be related
to differences in the swings. The task with cervical flexion-
extension needed the cyclic activities of the both cervi-
cal muscles to move cervical joints to generate the move-
ment. In contrast, the task with knee flexion-extension
needed the cyclic activities of both cervical muscles to hold
cervical joints to transfer the movement of knee flexion-
extension. The difference between moving and holding
the cervical joints would appear to be the difference in the
both cervical muscle activities.

Our participants were healthy, thereby limiting the
generalization of our findings to individuals with reduced
neck muscle performance. Additional research must be
conducted in populations with neck pain to increase the
clinical applicability of our findings. Before data collec-
tion, the subjects were trained by the same investigator to
perform the tasks. However, we did not record oscillation
of the blade during the tasks. Thus, we cannot claim that
the oscillation of the blade was uniform across the sub-
jects.

The results of this study indicated that the task with
knee flexion-extension had lower load for the cervical mus-
cles than that with cervical flexion-extension. The findings
of this study could be basic information for grading inten-
sity of cervical coordination exercise using an oscillating
blade held in the mouth.
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Table 1. Measurement Values and Intrarater Reliability

Measurements (%)
ICC (1,2) SEM (%) MDC (%)

1st 2nd

Sternocleidomastoid

Cervical flexion-extension 10.6 ± 6.8 10.8 ± 6.4 0.97 1.1 3.1

Knee flexion-extension 5.7 ± 4.9 5.6 ± 4.8 0.99 0.4 1.2

C4 cervical extensor

Cervical flexion-extension 17.5 ± 10.8 17.4 ± 9.9 0.99 0.7 1.9

Knee flexion-extension 12.4 ± 8.8 11.9 ± 8.5 0.99 0.5 1.5

Abbreviations: ICC, intraclass correlation coefficient; MDC, minimal detectable change; SEM, standard error of measurement.

Table 2. Mean ± Standard Deviation of Cervical Muscle Activity (%)

Cervical Flexion-Extension Knee Flexion-Extension P Value Power

Sternocleidomastoid 10.7 ± 6.5 5.7 ± 4.8 0.011 0.92

C4 cervical extensor 17.5 ± 10.3 12.2 ± 8.6 < 0.001 0.96
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