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Abstract: - This study aimed to compare the effects of cervical stabilization exercises with breathing exercises
and cervical stabilization exercises with thoracic spine extension exercises on respiratory function in subjects
with forward head posture (FHP). The study included 30 adults with FHP. They were divided into two groups—
experimental (EG) and control (CG)—with 15 participants in each group. The EG was asked to perform cervical
stabilization exercises with breathing exercises, and the CG was asked to perform cervical stabilization exercises
with thoracic spine extension exercises. After 4 weeks of exercise, the changes in respiratory function were
measured again. The results showed significant differences in the EG before and after exercise in terms of forced
vital capacity (FVC), forced expiratory volume in 1 second (FEV1), peak expiratory flow (PEF), and forced vital
capacity/vital capacity max (FVC/VCmax%) (p < 0.05). The CG showed only a significant increase in FVC,
FEV1, and FVC/VCmax% after the experiment (p < 0.05). In the between-group comparison, there were
significant differences noted in FVC, FEV1, PEF, and FVC/VCmax% in the EG compared to the CG (p < 0.05).
As a result, cervical stabilization exercises with breathing exercises are recommended to promote respiratory
function.
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vertebrae, thoracic vertebrae. FHP has negative

1 Introduction effects on alveolar ventilation and expansion of the
With the increased use of handheld electronic thorax, thereby reducing vital capacity and lung
devices, there has been a rise in the number of people volume and weakening respiratory function. It
who are prone to poor sitting postures, such as decreases muscle power in the neck, which is
forward head posture (FHP) [1]. FHP can be defined followed by a reduction in the muscle power of the
as an abnormal state in which the head lies in front of respiratory muscles. Therefore, injury to the
the gravity line around the sagittal view, with added respiratory muscles is associated with damage to
extension of the upper cervical spine and increased motor control in the cervical spine. The loss of
flexion of the lower cervical and upper thoracic spine respiratory function has a connection with functional
[2]. disorders associated with the weakening of the

Different bones can form different morphological respiratory muscles and trunk posture [4]. FHP is
structures to provide support, help exercise, and caused by decreased physical activity and muscle
protect important internal organs [3]. Such as cervical fatigue. The weakness of the respiratory muscles
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decreases lung capacity [5]. The shortness of
accessory respiratory muscles affects respiratory
function [6]. A study reported that FHP changes the
alignment of the rib cage and thoracic spine because
of a bent posture, thus causing respiratory
dysfunction [6]. FHP has been reported to elevate the
rib cage and reduce diaphragm contraction and
thoracoabdominal mobility [7]. It can cause
excessive kyphosis of the thoracic spine and increase
kyphosis because FHP can reduce thoracic mobility,
which has a negative effect on respiratory capabilities
[4].

Previous research showed that the smaller the
craniovertebral angle (CVA) in FHP, the worse the
respiratory and circulatory functions [2]. Several
studies have assessed the carriage of the body in
mouth-breathing subjects, and the common view is
that FHP is the principal variation. FHP brings about
disorganization of the muscle blocks (posterior,
anterior, and transverse muscles) and damages
diaphragmatic mobility and function [8]. The
weakness of the deep neck extensor and flexor
muscles results in reduced stability of the thoracic
and cervical spine along with changes in the
mechanics of the rib cage [9]. Over a long period,
FHP shortens and weakens these muscles, leading to
decreased breathing [10]. The shortening and
weakness of the neck muscles have an effect not only
on the pain and limitation of movement, but also on
the lung volume and diameter of the thoracic cage,
which can cause dysfunction of the respiratory
muscles, such as the intercostal and diaphragm
muscles [2]. Pain affects their daily work to a
medium or large extent [11].

Breathing exercises include pursed-lip breathing,
diaphragmatic breathing (also known as abdominal
breathing or breathing control), active expiration,
pranayama yoga (comprising timed breathing
techniques, with a focus on ventilation feedback
training), and expiration, where participants aim to
achieve individualized goals for respiratory rate and
pattern with computerized feedback [12]. These
exercises aim to alter respiratory muscle recruitment,
lessen hyperinflation, improve respiratory muscle
performance, optimize thoracoabdominal mobility,
and reduce dyspnea [12]. Breathing exercises
performed during exercise may have various clinical
benefits compared to breathing exercises performed
only atrest [12]. They can promote lung function and
trunk stability through diaphragmatic respiration
[13].
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The electrical activity of active nerve cells in the
brain produces currents spreading through the head.
These currents also reach the scalp surface, and
resulting voltage differences on the scalp can be
recorded as the electroencephalogram (EEG) [14],
so we can also explore the relationship between
different head postures and electroencephalogram.
Many scientific studies have shown that a correct
body posture is important for the best functioning of
the respiratory system [15]. It can incorporate
cervical stabilization exercises in the management of
subjects suffering from FHP to redress faulty
mechanics, which otherwise lead to impaired
respiration [16].

Although there have been many previous studies
on FHP, there has never been a direct comparison
between cervical stabilization exercises with
breathing exercises and cervical stabilization
exercises with thoracic spine extension exercises in
individuals with FHP.

2 Methods

2.1 Participants

The number of subjects was calculated by G*power
analysis software (ver. 3.1.9.7, Franz Faul, Kiel,
GER). The sample size was calculated with 0.05
alpha level, 0.5 effect size and power of 85%. This
result indicated that a necessary sample size was at
least 29 subjects for my study. This study included
30 subjects with FHP attending D University in
Gyeongsan, South Korea. Before participating in the
study, all the subjects read and signed the university-
approved human subjects consent form. Table 1
summarizes the general characteristics of the
participants. The investigation was approved by the

Institutional Review Board of Daegu University
(IRB: #1040621-202007-HR-002).
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The inclusion criteria employed were (1) CVA 53

~

degrees
or
lower
[17]
and (2)
cranial
rotation
angle
(CRA)
greater
than
143
degrees
[18].
The

’.'

-

exclusion criteria were (1) mental or cognitive
problems that might affect the experiment, (2)
subjects with a history of cervical surgery, injury
limiting activities, and cervical or thoracic fractures
and (3) patients with a history of respiratory disease,
such as repeated bronchitis, pneumonia, asthma,
pulmonary lymph nodes, pleurisy, cured tuberculosis
and others.

2.2 Procedures
The preparatory experiment began before the formal
experiment. The study lasted from September to
November 2020.

A total of 30 subjects with FHP were selected for
the study. They were randomly divided into two
groups, experimental (EG) and control (CG), with 15
participants in each group. The EG performed
cervical stabilization exercises with breathing
exercises, and the CG performed cervical
stabilization exercises with thoracic spine extension
exercises. Their respiratory function was measured.
After 4 weeks of exercise, the respiratory function
was measured again.

2.3 Assessment

A computer-based spirometer OMNIA software (ver.
1.6.2 COSMED, Rome, Italy) was used to measure
respiratory function. Microquark USB standard
package includes microQuark USB unit, turbine,
nose clip, PC software, adult paper mouthpiece,
pediatric mouthpiece adapter, and user manual. The
function of this equipment is to formulate a diagnosis
of pulmonary pathology, carry out research on human
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Table 1. General characteristics of subjects

(N=30)
EG(n=15) CG(n=15) P
Age(year) 22.20£2.81*  20.53+1.92 .07
Sex(male/female)  7/8 8/7 726
Height(cm) 170.6049.62  173.23+9.79  .464
Weight(kg) 64.53£16.58  68.00+15.55 .56
BMI(kg/m?) 21.9043.78 22464343 674

EG: cervical stabilization exercises with breathing exercises group
CG: cervical stabilization exercises with thoracic spine extension
exercises group

“mean + standard deviation

*p<0.05
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physiology, carry out research on human physiology,
and get information from sports medicine. Before the
test, the researcher showed the subjects how to
accurately do the test two or three times in order for
them to adjust to the method. To test pulmonary
function, forced expiratory volume in 1 second
(FEV1) and forced vital capacity (FVC) were
measured. The  subjects performed three
familiarization trials before measurements. This was
done according to Obayashi et al [19]. The
measurement of respiratory function was adopted
from previous studies [6]. The subjects are asked to
perform a rapid full inspiration through the
mouthpiece and then, without hesitation, perform a

Fig. 1 Respiratory function measurement posture

full expiration with maximum force, followed by
another rapid maximum inspiration (Fig 1).

2.4 Intervention
2.4.1 Cervical stabilization exercises
With the change of time, gradually increase the
difficulty of movement, is more conducive to achieve
the effect of movement. Cervical stabilization
exercises comprised two stages: (i) 1-2 weeks in the
first stage and (ii) 3—4 weeks in the second stage.
The first stage included ligament nuchae
stretching, upper trapezius stretching, levator
scapular stretching, scalene stretching, and deep neck
flexor strengthening (in supine and sitting positions).
The second stage included deep neck flexor
strengthening (in supine and sitting positions),
nodding exercise, pectoralis major stretching, and
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scapular upward rotation [20]. After each exercise for
30 seconds, to prevent exercise fatigue, rest for 10
seconds, seven kinds of movements were performed
once as a group, two groups at a time, three times a

Lijun Yu, Qian Gu, Taeho Kim

the foam roller on the limited spine segment, bend the
knee to lie down, put both hands on the chest, gently
lift a little from the floor, and slowly roll the foam
roller up and down in segmentation.

Table 2. Comparison for respiratory function between two groups.

Pre post t p DV
FVC(L) EG 4.07+1.13% 4.34+£1.16 -4.608 .001* 0.35+0.23
CG 4.51+1.20 4.65+1.20 -3.192 .008* 0.09+0.13
t 3.538
p .002*
FEV1(L) EG 3.06+0.76 3.53+0.75 -5.409 .000* 0.54+0.31
CG 3.65+0.83 3.88+0.90 -3.365 .006* 0.15+0.18
t 3.948
p .001*
PEF(L/s) EG 5.33+1.75 6.73%£1.75 -6.727 .000* 1.45+0.68
CG 6.45+£2.17 7.06+2.16 -1.957 .074 0.13+1.11
t 3.67
p .001*
FVC/Vemax(%) EG 77.88+7.63 84.47+8.04 -5.715 .000* 6.58+4.15
CG 80.75+4.22 83.91+5.25 -2.838 .015* 2.19+2.63
t 3.219
p .004*

FVC: Forced Vital Capacity
FEV1: Forced expiratory volume in 1 second
PEF: Peak Expiratory Flow

FVC/Vemax%: Forced Vital Capacity/Vital Capacity max
EG: cervical stabilization exercises with breathing exercises group
CG: cervical stabilization exercises with thoracic spine extension exercises group

DV: different value
%mean + standard deviation
*p< 0.05

week for 4 weeks.

2.4.2 Breathing exercises

Breathing exercises were adopted from previous
studies [21]. They included breathing awareness,
costal expansion, diaphragmatic breathing exercises
(in supine and prone positions), and diaphragmatic
breathing exercises in supine position with a 1 kg
weight on the diaphragm in the abdominal region.
Each exercise lasted for 3 minutes and was repeated
twice, three times a week for 4 weeks.

2.4.3 Thoracic spine extension exercises

Thoracic spine extension exercises were taken from
previous studies [10]. Each exercise was performed
15 times as a group and repeated for the two groups
three times a week for 4 weeks:

*Thoracic spine extension exercise 1 program: Put
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* Thoracic spine extension exercise 2 program: In

order to protect the knee, lay a mat on the ground,
bend the knee, put the Swiss ball, hands on the ball,
and walk forward. The upper body is tilted forward
to debilitate the upper spine, which is maintained at
the end point for 10 seconds.

*Thoracic spine extension exercise 3 program: With

both arms supported, lift the upper body up
repeatedly as in the existing demotion position. The
patients were maintained in the demeaning position
for 7 seconds.

3 Statistical analysis

The Kolmogorov-Smirnov test was used for a
normal distribution. The paired t-test was used to
compare the difference within the group before and
after the intervention of the two groups, and the
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independent t-test was used to determine the
difference between two groups. Statistical analyses
were performed using SPSS (Statistical package for
the social sciences) version 20.0 for Window
software (SPSS, IBM, USA), and the statistical
significance level was set at 0=0.05.

4 Results

According to statistics from the paired t-test, after the
exercises, FVC, FEV1, peak expiratory flow (PEF),
and FVC/VCmax% were found to be significantly
different in the EG (p < 0.05), and FVC, FEV1, and
FVC/VCmax% were significantly different in the CG
(p<0.05) (Table 2).

On the basis of the statistics from the independent
t-test, after the exercises, significant differences were
noted in the values of FVC, FEVI1, PEF, and
FVC/VCmax% between the two groups (p < 0.05)
(Table 2).

5 Discussion

FHP is becoming increasingly common in day-to-day
life, affecting respiratory function. This study aimed
to explore the effects of exercises on respiratory
function.

The results showed statistically significant
differences in the EG and CG before and after the
intervention. In this study, both groups performed
cervical stabilization exercises. Sonia et al. [16]
reported that a reduction in FHP by performing
cervical stabilization exercises improves respiratory
function by correcting the altered biomechanics of
the cervical and thoracic spine, which improves
thoracoabdominal mobility, and the efficacy of the
diaphragm can be improved.

The exercises of the EG involved a lot of neck and
shoulder muscles. Kang et al. [10] found that since
the neck and shoulder muscles directly take part in
breathing, their alignment enables optimum
respiratory function. However, in the between-group
comparison, different values of respiratory function
had significant differences. These differences were
greater in the EG than in the CG. In the EG,
diaphragmatic breathing exercises and inspiratory
muscle training were included in the breathing
exercises program followed in this study. Borge et al.
[22] reported that diaphragmatic breathing exercises
focus on minimizing the actions of accessory
muscles, activating the diaphragm during inspiration.
Respiratory muscle training improved the strength
and endurance of the respiratory muscles [23-25].
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Kong et al. [26] demonstrated that cervical exercises
were performed for only relatively for 4 weeks, the
exercises caused an improvement in the forward head
posture. Yong et al. [13] reported that diaphragmatic
breathing exercises promote lung function and trunk
stability. After 4 weeks of exercise, respiratory
function showed a significant improvement.

However, the limitations of this study should also
be noted. First, the experimental period was short.
Second, except for the exercise time in the laboratory,
the other exercise times could not be accurately
controlled. Third, the leisure sports activities of the
subjects might have affected the experimental results.
Fourth, the study population included only students,
not other professional groups. Future studies may
wish to consider a long experimental period, increase
the number of people with different occupations, and
accurately control other types of sports.

6 Conclusion

This study aimed to compare the effects of cervical
stabilization exercises with breathing exercises and
cervical stabilization exercises with thoracic spine
extension exercises on respiratory function in
subjects with FHP. Respiratory function was found to
be significantly improved in the EG. Hence, cervical
stabilization exercises with breathing exercises are
recommended to promote postural alignment and
respiratory function.
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