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Increase in the aged population in the modern soci-
ety is leading to increased manifestation of degener-
ative diseases of vertebrae with the trend of increase
in the number of youth and office workers complain-
ing of pains in neck and upper arm due to erroneous
daily life habits in the younger generations. Although
it is mostly office workers who conduct their works in
front of computer and students who study in
improper posture for prolonged period of time who
correspond to this problem, majority of these cases
develop into chronic pain or vertebral disorders
because they do not undergo proper treatment in
spite of the pain they experience. Pain syndrome in
the neck is one of the pains with the highest preva-

lence rate. It can not only induce pain in neck,
shoulder and upper arm, but also headache. It is
known that approximately 71% of all adults experi-
ence neck pain during their life 1).

In the abnormal posture of tilting the turtle neck
and looking into small liquid crystal display (LCD) for
prolonged period of time as in the case of using
mobile electronic devices, changes in the muscular
contraction mechanism generates compression force
on the facet joints and intervertebral disc of cervical
vertebrae. Moreover, pain in head and neck is
induced since muscular force to withstand the
moment is generated in the opposite direction 2). In
particular, since cervical vertebrae, unlike thoracic or
lumbar vertebrae, has lower weight load but greater
mobility, it forms the foundation  for movements,
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INTRODUCTION

The purpose of this study was to examine the immediate effect of neck stabi-
lization exercise and Swiss ball exercise on the recovery from the fatigue of
neck muscles induced. The turtleneck posture was set artificially by using
Smartphone with healthy adults. Repetitively measured ANOVA was executed
to examine the changes in the muscle fatigue of sternocleidomastoid, upper
trapezius, and splenius capitis among three-time intervals (at the time of gen-
eral resting, work and after intervention) in the three intervention groups (neck
stabilization exercise group, Swiss ball exercise group, and ordinary rest
group). There were no significant differences in the changes of fatigue of ster-
nocleidomastoid muscle among all three intervention groups at the time of
general resting, work and after intervention (p>.05). Although there was no
significant difference in the changes in the fatigue of upper trapezius and
splenius capitis muscles between the intervention groups at the time of gener-
al resting and work (p>.05), there was the significant difference between the
three intervention groups at the time of work and after intervention (p>.05).
This study suggest that Swiss ball exercise is more effective in reducing the
muscular fatigue of the neck and shoulder at a turtleneck posture than neck
stabilization exercise.
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making it necessary to achieve stability of neck that
supports head in order to protect the vertebral arter-
ies and nerves 3). Although pathological causes of
neck pains are yet to be determined clearly, it is gen-
erally asserted that stiffness and pain in the neck
muscles are induced as load is exerted continuously
on the extensor muscles of the neck when moving the
pupil or taking the posture of tilting the turtle neck to
gaze on what is being worked on while reading and
studying, or executing tasks such as information
processing by using computer 4).

The weight of human head is in the range of
approximately 3.5~4.5㎏ and head is supported
through interactions among muscles in the neck and
shoulder. Therefore, dysfunction of the neck is closely
related to shoulder joints. Upper trapezius is an
investing layer muscle in charge of supporting the
head and is prone to occurrence of pain and blood
circulation disorders due to stress 5). In addition,
longus colli and longus capitis that wraps around the
cervical vertebrae are also known to play important
role in adjustment of head and neck 6). In particular,
since longus colli and Longus capitis precisely controls
the movements between vertebrae and forward
bending of cervical vertebrae, they act as feedforward
factor in the adjustment of posture and supports for-
ward bending of the spine against the occurrence of
buckling of spine due to contraction of powerful
extensor muscles 7). In terms of functional anatomy,
although longus colli, which is a deep layer flexor
muscle, is directly attached to the bones and joints of
the cervical vertebrae, sternocleidomastoid, which is
an investing layer muscle, is not attached to the cer-
vical vertebrae 8). Therefore, continuous activation of
deep and investing layer muscles to maintain the
head in a diverse range of anti-gravitational postures
generates fatigue of muscles in the neck, which could
act as the cause of manifestation of chronic pain.

Through examination of the pathophysiological
causes of pain in the neck, it is possible to categorize
the causes into specific causes including trauma,
infection and degenerative changes, etc., and non-
specific causes represented by erroneous habitual
posture. Selective and continuous activities in Type I
exercise unit by repetitively executing low intensity
tasks in seated posture for prolonged period of time
accumulate calcium in the exercise unit and generate
homeostasis problems such as localized supply of
blood and movement of metabolites within the mus-
cle, thereby inducing muscle damages 9). In addition,
pain in the neck reduces movements, thereby induc-
ing exercise dynamic restrictions between cervical
vertebral diaphysis, which in turn induces character-

istic clinical symptom of reducing the range of move-
ment of neck joints 10). That is, since the reduction of
the range of movement of cervical joints degrades the
movement of the articular surfaces, it induces dys-
functions such as buildup of muscular fibers, ankylo-
sis and stiffness of muscles around the cervical ver-
tebrae. As illustrated above, there are diversified
causes and symptoms of chronic pain in the neck and
opinions on the optimal treatment methods to solve
these problems differ among scholars 11). However, it
can be deemed that therapeutic exercise is the most
powerful fundamental means of solving the chronic
pain in the neck as an intervention method 12).
Kim 5) asserted that functional harmony between the

deep layer and investing layer muscles of cervical
vertebrae is the essential element for natural move-
ments of head and neck. It can be deemed that
abnormal spinal curve and dysfunction of cervical
vertebrae manifest due to erroneous posture due to
weakening or imbalance of muscles around the neck
and due to chronic lack of exercise rather than due to
structural problem of the spine 13). Therefore, neces-
sary for neck stabilization exercise that induces posi-
tioning of the cervical vertebrae in neutral posture
through strengthening of the deep layer muscles such
as longus colli and longus capitis, which play the
leading role in increasing the stability of cervical ver-
tebrae is being emphasized.

Swiss ball exercise is a training method that can
fortify the strength and balancing senses of muscles
and joints joyously and safely by people of all ages
and gender by assuming various postures including
sitting and prone postures. Swiss ball exercise will not
only increase the range of diversified joint movement
and improve muscle strength or endurance as well as
improve coordination movements, but also has the
advantage of developing flexibility and stability of
spine in particular since it is possible to use all parts
of the body in comparison to other exercises 14). Kim
and Yang 15) asserted that Swiss ball exercise can
assist with alleviation of pain in patients with chronic
back pain by strengthening the central portion of the
body by mobilizing the muscles that are not used fre-
quently in maintaining balance through quick and
reflexive actions of small muscle groups of the body
in order to stabilize the instability induced in the
process of performing the exercise. Moreover, they
asserted that effective use of the exercise is possible
through jumping, catapulting, siting and walking. In
addition, Michael and Andre 16) stated that efforts to
maintain balance on the basis of the instability of
Swiss ball can comprehensively improve reflex
nerves, cognition ability and sense of balance, etc.,
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while Narshall and Murphy 17) asserted that Swiss ball
exercise is useful in improving the stability of spine
and fortifying the muscle strengths in neck and back
areas.
Until now, pain therapy by using physical modalities

such as heat, electric stimulation and phototherapy,
traction, extension exercise for relaxing of tissues,
exercise to strengthen the investing layer muscle of
the neck and posture education for prevention of
recurrence, etc. had been implemented as therapeutic
and management methods for patients with chronic
neck pain. Recently, although there had been a lot of
studies on diversified intervention methods and
effectiveness of neck stabilization exercise or Swiss
ball exercise, there are not many studies on which
exercise reduces the pain by reducing the generation
of muscle fatigue in the neck area, and effective in
improving the ability of the muscles to execute exer-
cises including muscle strength and static muscle
endurance. Therefore, this study, as preliminary
experimental study, was executed to examine the
immediate effect of neck stabilization exercise and
Swiss ball exercise on the recovery from muscle
fatigue of sternocleidomastoid, upper trapezius and
splenius capitis induced while using Smartphone after
having set the turtle neck posture artificially on nor-
mal adults as the subjects of experiment prior to the
application of neck stabilization exercise and Swiss
ball exercise for prolonged period of time on patients
with postural problems in the neck such as abnormal
spinal curve and dysfunction of cervical vertebrae as
the subjects. In addition, it is aimed at providing
basic clinical data in order for physiotherapist to
decide on which physiotherapeutic intervention
should be applied selectively in the future to restore
the fatigue of neck muscles on patients with abnor-
mal spinal curve and dysfunction of cervical vertebrae
in the future.

30 healthy adults without any particular illness were
recruited as subjects of this study through simple and
randomized sampling through preliminary medical
examination by interview (past medical history, past
family history and daily life habits, etc.). Prior to the
commencement of the experiment, sufficient expla-
nations on the purpose and method of study, and
inconveniences that could occur during the experi-
ment were provided to the subjects. Moreover, sub-

jects signed letter of consent to participate in the
experiment voluntarily. 

Detailed selection criteria for the subjects included
the following: first, those without structural abnor-
mality or restrictions in the range of joint movements
in neck, second, those without history of surgery due
to traumatic damages in the neck in the last 6
months, third, those without pain in the neck or
damages in the musculoskeletal system including
sensory disorder, and, last, those without dermato-
logic side effects of attachment of electrodes for the
surface electromyogram measurement. 

18 males (60%) and 12 females (40%) participated in
this study as subjects with average age of
26.34±2.97 years, average height of 172.21±6.38㎝
and average body weight of 63.77±7.24㎏.

This study was executed with three intervention
groups, before-after measurement and quasi-exper-
imental study design in order to examine the imme-
diate effects of neck stabilization exercise and Swiss
ball exercise on recovery from muscle fatigue of turtle
neck posture with ordinary adults as subjects. In
order to compare the immediate effects of the three
intervention methods (neck stabilization exercise
group, Swiss ball exercise group and ordinary rest
group) on recovery from muscle fatigue induced by
artificially set turtle neck posture, intervention
method was selected through internet mock program
and applied it in the sequence of the said method to
subjects. However, only a single intervention method
was selected and implemented over 3-day period in
order to prevent recovery from muscle fatigue of
particular exercise in accordance with the occurrence
of muscle fatigue and order of application due to
repetitive execution of intervention method by the
subjects. 

Firstly, while the subjects were taking general rest-
ing for 10 minutes in supine posture on treatment
table, for which height can be adjusted, in the most
comfortable clothing, muscle fatigue in the neck area
were measured and collected. Then, subjects were
instructed to sit in front of a table by adjusting it so
that the subjects needed to bend the hip and knee
joints at right angle, and the soles of feet come in full
contact with the supporting surface. While seated at
the table, subjects were instructed to assume the tur-
tle neck posture with extension of the upper portion

SUBJECTS AND METHODS

Subjects

Study design

Intervention tools and Methods
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of cervical vertebrae and bending of the lower portion
of cervical vertebrae while positioning the lower arm
to the center of femur. Then, subjects were instructed
to look at and manipulate smartphone for 10 minutes
in the said posture, while the muscle fatigue of neck
area is measured and collected. Lastly, muscle fatigue
of neck area was measured immediately after thera-
peutic intervention following the application of the
three intervention methods in accordance with the
internet mock program.

Neck stabilization exercise was executed by using
stabilization device (Stabilizer; Chattanooga Group
Inc, Hixon, TN), which is equipment for bio self-
control device (pressure biofeedback device) using
pressure generated with air. In addition, by making
reference to the guidelines of the preceding study by
Jull et al. 18) on craniocervical flexion exercise
(CCFEx), movement of nodding the head as if saying
‘Yes’ in supine posture was emphasized. That is, neck
stabilization exercise by using pressurized bio self-
control device has the effect of calibration for gener-
ation of craniocervical flexion movement under the
state of minimal activation of investing layer muscles
of the neck. 
Craniocervical flexion exercise (CCFEx) using stabi-

lization device for subjects was carried out in the fol-
lowing order by making reference to the preceding
study by O’Leary et al. 19, 20). First, subjects were
instructed to assume supine posture on treatment bed
by fully extending legs and putting the back on the
bed in most comfortable posture. Second, while in the
supine posture, support the head with one hand and
insert Stabilizer underneath the back of the head with
the other hand. Third, while pulling back the chin to
ensure that muscle activation of the investing mus-
cles in the neck area does not occur, contact the
craniocervical flexion muscle for 10 seconds in a
diverse range of pressures (22~30mmHg, increasing
to the maximum gradually) while monitoring the
Stabilizer. However, subjects were trained to contract
the craniocervical flexion muscles while consistently
maintaining the scale in the gauge for pressure range
in order for them to adapt to the use of the pressur-
ized bio self-control device prior to the commence-
ment of measurement in this experiment. In addition,
they were trained to incrementally increase the pres-
sure range by adjusting the Stabilizer on their own
over 10-second period. Fourth, after having set 3
repetitions of maintaining craniocervical flexion
exercise by using Stabilizer for 10 seconds and taking
10 seconds of general resting as 1 set, the subjects
were instructed to execute 3 sets, with 1 minute of
general resting taken between each set of exercise.

Fifth, quickly remove the Stabilizer with one hand
upon completion of the neck stabilization exercise and
gradually lower to the floor by holding the back of the
head with the other hand.

Swiss ball exercise was executed in the following
order by correcting and supplementing the exercise
manual for supporting the head and neck with the
ball, written by Elaine Petrone 21) as the basic proce-
dure, by me. First, subjects were instructed to
assume supine posture on treatment bed by fully
extending legs and putting the back on the bed in
most comfortable posture. Second, while in the
supine posture, support the head with one hand and
insert small Swiss ball under near the back of the
head with the other hand. Third, after having con-
tacted the ball to the area below the back of the head,
slowly turn the head and neck in the shape of the
number ‘8’. Fourth, after having set 3 repetitions of
rotating the head and neck for 10 seconds and then
taking 10 seconds of general resting as 1 set of exer-
cise, a total of 3 sets of exercise were executed with 1
minute of general resting taken between each set of
exercise. Fifth, quickly remove the ball with one hand
upon completion of the Swiss ball exercise and grad-
ually lower to the floor by holding the back of the
head with the other hand.

Muscle fatigue in the neck area was measured by
using surface wireless EMG system, Surface
Electromyography system (TeleMyo 2400, Noraxon,
USA). Firstly, foreign matter in the area of attach-
ment of electrode (Ag/AgCl electrodes) of subject was
removed and thoroughly cleaned with cotton ball
soaked with alcohol before surface electrodes were
attached. In this study, muscle fatigue of neck area
was measured by selecting sternocleidomastoid, upper
trapezius and splenius capitis, which are known to
contribute towards maintenance of the posture of
cervical vertebrae and to induce pain and fatigue due
to the repetitive movement of the neck and shoulder
22). Surface electrodes were attached symmetrically to
the following location selected on both sides of the
body by palpating the area of the aforementioned
muscles of the subject along the running direction of
the muscle fibers. For the sternocleidomastoid, elec-
trode was attached to the center of muscle belly
between mastoid process and 1/3 position between the
manubrium of sternum and medial aspect of clavicle.
For upper trapezius, electrode was attached to the
center of muscle belly between the spinous process of
the cervical vertebrate No. 7 and acromion. Lastly,

Measurement tools and Methods
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for splenius capitis, electrode was attached to the
position that is 2㎝ lateral to the cervical vertebrate
No. 4. Surface wireless EMG measure was converted
to digital signal and noise of electric signal was
removed by setting the sampling rate at 1,000㎐ and
by suing 60㎐ notch filter by means of MyoRearch XP
1.06, Master Edition in personal computer. In addi-
tion, for the changes in muscle fatigue, the wireless
EMG signals were interpreted with power spectrum
by using Fourier transformation (FT) and then com-
pared as the mean value of the median frequency
computed.

Data measured in this study was analyzed by using
SPSS 23.0 program for Windows (IBM Corp, USA)
and the level of significance for statistical verification
(α) was set at .05. General characteristics of the sub-
jects were computed in terms of frequency (%) and
descriptive statistics. Repetitively measured ANOVA
was executed to examine the changes in the muscle
fatigue in accordance with the passage of time of the
time of measurement (at the time of rest, work and
after intervention) of the three intervention groups
(neck stabilization exercise group, Swiss ball exercise
group and ordinary rest group). In the event of
occurrence of interaction effects among the three

intervention groups, the differences in the quantities
of changes in the muscle fatigue between the time of
rest and work, and at the time of work and after
intervention among the intervention groups were
compared by means of one-way ANOVA while post-
hoc verification was made by means of Boneferroni
test..

All three intervention groups displayed significant
differences in the changes in fatigue of sternocleido-
mastoid muscle between the time of general resting,
work and after intervention (Table 1, p<.05).
Although there was significant difference in the
changes of fatigue of sternocleidomastoid muscle in
accordance with the time of measurement irrespective
of the categorization of intervention groups, there
was no significant difference in the interaction of
fatigue of sternocleidomastoid muscle between the
three intervention groups (Table 1, p<.05). 
There was no significant differences in the changes of
fatigue of sternocleidomastoid muscle among all three
intervention groups at the time of general resting,
work and after intervention (Table 2, p<.05).

Data analysis

RESULTS

Changes in the fatigue of sternocleidomastoid muscle

55.50±3.94

56.93±2.98

53.74±3.87

Type ⅢSS

425.067

15.258

262.135

Stabilization

Swiss ball

General resting

Within-subjects effects

SCM

SCM*Group

Error

60.38±3.99

61.94±3.97

58.15±4.46

df

1.588

3.175

33.000

58.30±4.14

59.65±3.29

57.85±7.13

MS

267.737

4.805

7.943

TaskRelax

Mean±SD

Post-intervention

58.813

65.668

7.633

F

53.511

.960

FGroup

.000*

.000*

.012*

p

.000*

.422

p

Table 1. Comparison of sternocleidomastoid muscle fatigues within intervention period on each group and results of with-
subjects effects for sternocleidomastoid muscle fatigues.

SCM : Sternocleidomastoid, unit : ㎷
* p<.05
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All three intervention groups displayed significant
differences in the changes in fatigue of upper trapez-
ius muscle between the time of general resting, work
and after intervention (Table 3, p<.05). There was
significant difference in the changes of fatigue of
upper trapezius muscle in accordance with the time of
measurement irrespective of the categorization of
intervention groups and there also was significant
difference in the interaction of the fatigue of upper
trapezius muscle between the three intervention

groups (Table 3, p<.05). 
Although there was no significant difference in the

changes in the fatigue of upper trapezius muscle
between the intervention groups at the time of gen-
eral resting and work, there was significant differ-
ence between the three intervention groups at the
time of work and after intervention (Table 4, p<.05).
As the results of execution of post-hoc verification,
there was significant difference between the Swiss
ball exercise group and the ordinary general resting
group (Table 4, p<.05).

4.88±1.66

-2.08±1.09

Relax vs Task

Task vs Post-intervention

5.00±1.88

-2.28±1.46

4.41±2.07

-.29±4.64

Swiss ballStabilization

Mean±SD

General resting

.339

1.735

FIntervention period

.715

.192

p

Table 2. Comparison of average change in sternocleidomastoid muscle fatigues among relax vs task and post-interven-
tion between groups.

unit : ㎷, * p<.05

4.19±2.08

-2.88±1.06a

Relax vs Task

Task vs Post-intervention

4.26±3.82

-4.68±3.29b

5.75±1.57

4.26±3.82a

Swiss ballStabilization

Mean±SD

General resting

1.298

5.015

FIntervention period

.287

.013*

p

Table 4. Comparison of average change in upper trapezius muscle fatigues among relax vs task and post-intervention
between groups.

unit : ㎷, * p<.05

67.99±4.03

69.65±4.58

68.17±4.48

Type ⅢSS

421.261

52.852

219.555

Stabilization

Swiss ball

General resting

Within-subjects effects

UT

UT*Group

Error

72.18±4.21

73.92±4.36

73.92±4.00

Df

1.915

3.830

63.199

69.30±3.81

69.24±5.34

71.80±4.03

MS

219.967

13.799

3.474

TaskRelax

Mean±SD

Post-intervention

113.544

10.909

32.258

F

63.317

3.972

FGroup

.000*

.007*

.000*

p

.000*

.007*

p

Table 3. Comparison of upper trapezius muscle fatigues within intervention period on each group and results of with-sub-
jects effects for upper trapezius muscle fatigues.

UT : Upper trapezius, unit : ㎷
* p<.05

Changes in the fatigue of upper trapezius muscle
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All three intervention groups displayed significant
differences in the changes in fatigue of splenius capi-
tis muscle between the time of general resting, work
and after intervention (Table 5, p<.05). There was
significant difference in the changes of fatigue of
splenius capitis muscle in accordance with the time of
measurement irrespective of the categorization of
intervention groups and there also was significant
difference in the interaction of the fatigue of splenius
capitis muscle between the three intervention groups

(Table 5, p<.05).
Although there was no significant difference in the

changes in the fatigue of splenius capitis muscle
between the intervention groups at the time of gen-
eral resting and work, there was significant differ-
ence between the three intervention groups at the
time of work and after intervention (Table 6, p<.05).
As the results of execution of post-hoc verification,
there was significant difference between the Swiss
ball exercise group and the ordinary general resting
group (Table 6, p<.05).

More people living in the modern information age
are experiencing neck pain due to a long sedentary
job 23). In particular, when they perform a work of a
static load, the center of mass (the head) leans on the
front of the neck. To keep this posture, they need not

only the active support by muscles but also the pas-
sive support by tendons, ligaments, and joints 24). 
Swiss ball exercise is that a user puts the back of a

head on it and relaxes the tensed muscles in the
investing layer of the neck by moving the head and
the neck in conformable motions 21). In addition, the
flexors in the deep layer play more important role in 

6.25±1.69

-3.57±1.20a

Relax vs Task

Task vs Post-intervention

6.72±3.99

-3.57±3.13b

6.62±2.66

-1.64±1.05a

Swiss ballStabilization

Mean±SD

General resting

.082

3.306

FIntervention period

.921

.049*

p

Table 6. Comparison of average change in splenius capitis muscle fatigues among relax vs task and post-intervention
between groups.

unit : ㎷, * p<.05

86.27±5.52

84.17±3.58

83.62±3.43

Type ⅢSS

771.374

20.693

194.775

Stabilization

Swiss ball

General resting

Within-subjects effects

SC

SC*Group

Error

90.52±4.50

90.88±5.07

90.24±4.83

df

1.814

3.628

59.863

86.95±5.08

87.51±4.97

88.60±4.83

MS

425.227

5.704

3.254

TaskRelax

Mean±SD

Post-intervention

62.028

25.354

97.066

F

130.691

1.753

FGroup

.000*

.000*

.000*

p

.000*

.163

p

Table 5. Comparison of splenius capitis muscle fatigues within intervention period on each group and results of with-sub-
jects effects for splenius capitis muscle fatigues.

SC : Splenius capitis, unit : ㎷
*p<.05

Changes in fatigue of splenius capitis muscle

DISCUSSION
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adjusting the posture of a neck and maintaining its
stability. Therefore, we need to strengthen the flexors
in the deep layer 25). Neck stabilization exercise makes
the flexors in the deep layer gain more static muscu-
lar endurance than a muscular strength in order to
properly adjust the abnormal motions between the
thoracic vertebrae and the body and thus stabilize
them.

Swiss ball exercise is a new and fresh way to relax
the muscles in the vertebral segments or the minor
muscles that are not easily relaxed by stretching or
bodily exercise. However, its clinical effects have not
been verified. Although some studies have recently
reported that neck stabilization exercise mitigates
neck pain and improves strength and a static muscu-
lar endurance 18, 26, 27, 28) not many study have been
made on the field.

In this respect, I conducted this study to examine
the instant effect of neck stabilization exercise and
Swiss ball exercise on the recovery of neck muscle
fatigue caused by the work requiring repeated load
such as using a smartphone at a static posture.
However, I found some discrepancies between the
findings of precedent studies and those of this exper-
iment in terms of intervention method or the vari-
ables of measurement as well as subject's physical
characteristics and functional state, which made it
difficult to compare them precisely. Nonetheless, I
tried to proceed the study by using the similarities in
treatment methods and measured results. 
Choi 29) maintained in his study with the adults hav-

ing a turtle neck posture but not aware of it that
when he conducted only posture correction exercise
on the control group and both posture correction and
muscle strength training program on the experimen-
tal group for 10 weeks, he found that the exercises
improved the craniosacral angle and lowered cranial
rotation angle of the experiment group, correcting
their neck postures. In this study, I applied Swiss ball
exercise to the upper trapezius and splenius capitis of
the normal participants where spasticity or muscle
tone occurs in their soft tissues while using a smart-
phone at a turtle neck posture at which the horizon-
tal distance between the tragus of an ear and the
posterior angle of acromion of a shoulder is more
than 5㎝. The experimental group (treatment: Swiss
ball) showed a remarkable recovery of muscular
fatigue than the control group (treatment: neck sta-
bilization), which was significantly different. This
result can be explained as follows: longus colli mus-
cles, which are connected to cervical spine, play a
major role to maintain the stabilization of each seg-
ment of the cervical vertebrae 30). When each segment

loses its stability to some extent, the flexors in the
shallow layer work more than those in the deep layer
during antigravity motions, which triggers muscular
fatigue 31). Therefore, stretching with Swiss ball is
more helpful in restoring the length of a muscular
segment insider the muscular fiber than neck stabi-
lization exercise, reducing abnormal tonus of muscle
32), relaxing the knotted muscles, and mitigating neck
pain.

Kong et al. 27) categorized 60 participants into three
groups and randomly assigned 20 to each: (i) neck
bone stabilization group, (ii) neck joint mobilization
group, and (iii) control group. There were treated for
3 weeks (3 times in total). As a result, the neck bone
stabilization group and the neck joint mobilization
group showed a significant change in the static
strength and muscular endurance before and after
the intervention. Especially, the neck bone stabiliza-
tion group showed a remarkable improvement in
static muscle (holding) time from 55.90±1.51 (before)
to 125.65±43.92 (after), and muscular endurance
from 90.10±2.71 (before) to 181.80±66.21 (after). In
addition, Han et al. 3) reported that when they applied
neck stabilization exercise with sling exercise and mat
exercise in which patients can get actively involved,
the sling exercised and the mat exercise increased
physical strength by 13% and 20% and endurance by
10% and 7%, respectively. There said that when a
neck has a functional disorder, it means the muscles
are not in balance with one another. Particularly,
because the strength of the flexor muscles in a neck
is weak 33), a patient with a problem with a neck has
more severe fatigue around the flexor muscles in a
neck 6). In this study, also, I found that when I
applied neck stabilization exercise to the upper
trapezius and splenius capitis where spasticity or
muscle tone occurs in their soft tissues while using a
smartphone at a turtle neck posture, the experimen-
tal group showed a significant difference in the
recovery of muscular fatigue than the control group,
Therefore, I consider that this exercise can better
prevent the adaptive change of muscles and soft tis-
sues afflicted by a poor posture than a general relax-
ation.

Hu 26) used Mckenzie method on the patients with
chronic neck pain. In the experiment, he divided the
participants into two groups (each of 19): one was
treated with posture correction exercise while the
order was treated with the stabilization exercise to
improve the muscular strength of the flexors in the
deep layer study for 12 weeks (3 times a week and
one hour per each time). The effects before and after
the treatment were compared. When measuring



1506

Immediate Effects of Neck Stabilization and Swiss Ball Exercises on the Recovery from Fatigue of Neck Muscles in Turtle Neck Posture: Preliminary
Experimental Study

the holding time at maximum and minimum muscu-
lar contractility, the posture correction group didn't
show a significant change before and after while the
stability exercise group showed significantly increased
holding time after the 6th week and the 12th week. In
this study, however, both general relaxation group
and the neck stabilization exercise group showed the
muscular fatigue of upper trapezius and splenius
capitis restored to the physiological at general resting
after the intervention. However, the recovery of the
neck stabilization exercise group was not significant
while the change of the general relaxation group (10-
minute rest) was. This difference may stem from the
different experimental conditions that the partici-
pants of the previous studies voluntarily executed a
posture correction exercise and neck stabilization for
12 weeks and were compared. Meanwhile, the partic-
ipants in this study intentionally posed a turtle neck
posture and applied Swiss ball and neck stabilization
exercise for a short time before checking their mus-
cular fatigue.
In this study, I asked a normal adults to pose a tur-

tle neck posture sitting on a chair and watch a
smartphone. And I applied neck stabilization exercise
and Swiss ball exercise to them in order to know
which one had the most instant and effective inter-
vention effect on the recovery of muscular fatigue of
sternocleidomastoid muscle, upper trapezius, and
splenius capitis, which was triggered by the abnormal
posture. The results showed that neck stabilization
exercise and Swiss ball exercise showed a significant
change in the muscular fatigue of upper trapezius,
and splenius capitis than a general relaxation (10-
minute rest). In particular, the posture where a head
leans downward reduced the muscular tension on the
neck and shoulders at a turtle neck posture by
straightening the turtleneck. Here, Swiss ball exercise
turned out more instant and better effect than neck
stabilization exercise because the former strengthens
the flexors in the shallow layer while the latter
strengthens the flexors in the deep layer. However,
this study has generalization problem because, for
this study, I used normal healthy adults rather than
the patients with chronic pain in neck and shoulder.
And I asked them to take a turtle neck posture, on
purpose, for a short time during which they bent
down their heads excessively and stretch them
upward excessively, too. I could not last the inter-
vention for a long time. Therefore, I consider it nec-
essary for the following studies to use a wider range
of the patients with various functional disorder
around the neck and musculoskeletal system and
apply such intervention as neck stabilization exercise

and Swiss ball. In addition, a randomly assigned
clinical study is needed to know their long-term
effect.

With the normal adults, this study was conducted to
know the instant effect of neck stabilization exercise
and Swiss ball exercise on the recovery of muscular
fatigue of sternocleidomastoid muscle, upper trapez-
ius, and splenius capitis, which occurs due to watch-
ing a smartphone at an intended turtle neck posture.
The finding of this study showed that Swiss ball
exercise is more effective in reducing the muscular
fatigue of the neck and shoulder at a turtle neck
posture than neck stabilization exercise. However,
this study has generalization problem because I used
normal healthy adults rather than the patients with
spinal curvature and functional disorder. And they
were asked to make a turtle neck posture on purpose.
Then, this study failed to generalize the finding and
find the long-term effect of this experiment.
Therefore, the following study or studies need to ver-
ify the effects of various physical therapeutic inter-
ventions on the patients suffering actual problems
with curved neck and functional disorder.

CONCLUSION
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