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Abstract  [Purpose] This study examined the effects of deep flexor muscle-strengthening exercise on the neck—
shoulder posture, and the strength and endurance of the deep flexor muscles of high-school students. [Subjects] The
subjects were 30 seventeen-year-old female high-school students who complained about bad posture and chronic
neck—shoulder pain. They were randomly divided into an experimental group of 15 subjects, who performed a deep
flexor muscle-strengthening exercise and a control group of 15 subjects, who performed a basic stretching exercise.
[Methods] The experimental group of 15 subjects performed a deep flexor muscle-strengthening exercise consist-
ing of low-load training of the cranio-cervical flexor muscle, and the control group of 15 subjects performed a basic
stretching exercise consisting of seven motions. [Results] The experimental group showed statistically significant
changes in head tilt angle, neck flexion angle, forward shoulder angle, and the result of the cranio-cervical flexion
test after the training. In contrast, the control group showed no statistically significant changes in these measures
following the training. When the results of the groups were compared, statistically significant differences were
found for all items between the experimental group and the control group. [Conclusion] Strengthening cranio-
cervical flexor muscles is important for the adjustment of neck posture, and maintaining their stability is required

to improve neck-shoulder posture.
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INTRODUCTION

Posture is an essential element of normal balance?, and
bad posture is commonplace in adolescence?. Various
factors trigger spasm of the shoulders and back muscles,
reduce the effectiveness of biomechanical functions, and
weaken soft tissues?. These include forward head posture,
due to popularization of computers?, sitting at a desk or a
computer for a long time, use of desks and chairs not appro-
priate for the physique, a bed not conducive to good posture,
lack of exercise, excessive learning activities®, and heavy
school bags®).

Forward head posture is one of the most common postur-
al alterations in patients with neck diseases®). Patients with
neck—shoulder diseases have more severe forward head
posture than those without such diseases, and their scapular
acromion protrudes”).

The role of the longus capitis and longus colli, deep flex-
or muscles of the neck, is considered important in postural
adjustment and maintaining stability of the neck®. They
jointly cooperate to support the weight of the head while
moving the head in various directions and provide stability
during low-intensity static muscle endurance exercise, but
not during high-intensity exercise, for which strong muscle
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contraction is required”.

High-school students are adolescents who experience a
period of accelerated growth and development of skeletal
and soft tissue'?. Posture of adolescents can be affected by
both internal and external influences, which may make ado-
lescents more susceptible to injury).

This study examined the effects of deep flexor muscle-
strengthening exercise on neck—shoulder posture, and the
strength and endurance of the deep flexor muscles of high-
school students who complained about bad posture and
chronic neck—shoulder pain.

SUBJECTS AND METHODS

Subjects

The subjects were 30 seventeen-year-old female high-
school students in their senior year who sat behind a desk
for at least 10 hours a day, had experienced pain in the
neck—shoulder region for 3 months or longer, had a neck dis-
ability index of less than 15 points, whose symptoms were
not aggravated by muscle-strengthening exercise, and who
did not show a second-stage pressure increase of 4 mmHg
above an initial pressure of 20 mmHg for 10 seconds or lon-
ger during a cranio-cervical flexion test'V. This study was
conducted from January 2012 to February 2012. The sub-
jects were randomly and equally assigned to a deep flexor
muscle-strengthening exercise group and a basic stretching
exercise group. A sufficient explanation of the purpose of
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this study was given to all the subjects and their guardians,
and written consent was obtained from all the participants
in this study.

Methods

The experimental group was assigned to cranio-cervi-
cal flexion training, in other words, deep flexor muscle-
strengthening exercise. The control group performed neck—
shoulder stretching exercises. They received training under
the supervision of a researcher for no longer than 30 min-
utes, five times per week, for a total of 8 weeks.

Cranio-cervical flexion training was conducted as low-
load training of the cranio-cervical flexor muscle!?. Relax-
ation of the superficial flexor muscles, sternocleidomastoid
muscle, and scalenus anterior muscle was maintained while
the cranio-cervical flexion was performed to strengthen
the deep flexor muscles of the upper neck, the longus capi-
tis and longus colli muscles. A pressure sensor filled with
air was placed behind the neck near the occipital region,
and the flattening of cervical lordosis was confirmed us-
ing visual feedback from the sensor’s dial. An air-filled bag
was placed behind the neck and inflated until the sensor
displayed 20 mmHg. When the subject checked the dial and
pressed the bag slowly, the researcher palpated the sterno-
cleidomastoid muscle and the scalenus anterior muscle with
her fingers so that contraction did not occur. At this point,
the occipital region should be in contact with the ground.
The pressure was incrementally increased by contraction
gently and slowly, by 2 mmHg each time until a value of 30
mmHg was reached. The contraction was maintained for 10
seconds, and this was repeated 10 times, with a break of 3
to 5 seconds between contractions'.

The basic stretching exercise consisted of seven mo-
tions'¥. At the start, the motion was performed for about 10
seconds, and the time was extended by 2 to 3 seconds every
two to three days until it reached a value of 25 seconds. The
neck and the shoulder were lightly tapped with both hands
at the beginning and end of the stretching.

A description of the instructions given to the subjects is
provided below.

1. Clasp the hands and stretch them straight upwards
(with the subject looking at the hands).

2. Place both hands on the shoulders and push out the
chest (with the head thrown backwards).

3. Look straight ahead and slowly turn the head horizon-
tally and stop when the maximum value is reached (right
and left).

4. Throw back the head, and turn it until it has reached
the fully stretched point (right and left).

5. Lower the head, and turn it until it has reached the
maximal point (right and left).

6. Place one hand over the shoulder and grasp the elbow
of the turned hand, with the other hand over the head and
slowly pull it inward until it has reached the full stretched
point (right and left).

7. Straighten the upper part of the body, and slowly raise
both arms up with the hands clasped.

A photographer at the Department of Diagnostic Radiol-
ogy photographed the neck—shoulder posture from the front

Fig. 1. X-ray comparison of pre- and post-intervention

and from the side using diagnostic X-ray equipment. Four
lead markers were attached to the center of the forehead, the
tragus of the ear, the spinous process of the 7th cervical ver-
tebra (C7), and the end of the scapula acromion. The head’s
tilt angle was measured on the X-ray images, as the angle
between the line connecting the forehead and the tragus of
the ear and the Y-axis at the tragus. The neck’s flexion angle
was measured as the angle between the line connecting the
tragus of the ear and C7 and the Y-axis at C7. The forward
shoulder angle was measured as the angle between the line
connecting C7 and the end of the acromion and the Y-axis
at C77 1519, Subjects stood normally to achieve a natural
head—shoulder position. The subjects performed cervical
flexion and extension in a large arc and gradually reduced
the size of the arc thereby allowing the head to fall into the
most comfortable position. The subject was directed to look
at his or her eyes in a mirror, which was placed to the front,
to discourage changes in posture (Fig. 1)!7).

The cranio-cervical flexion test was conducted to test
the strength and the endurance of the deep muscles of the
neck'®. The Subjects lay on the floor, face up, and an air-
bag fitted with a pressure sensor was placed beneath the
neck near the occipital region. Air was then pumped into
the bag to produce an initial pressure of 20 mmHg. The
dial was checked, and the head’s nodding movement was
slowly and smoothly adjusted. The researcher palpated
the sternocleidomastoid muscle and the scalenus anterior
muscle to ensure that they did not contract. The strength
and the endurance of the deep flexor muscles were tested in
five increments of 2 mmHg until the pressure reached the
maximum level of 30 mmHg. Contractions were performed
10 times for 10 seconds each time, then the next stage was
performed. The level of the pressure achieved by the subject
was measured.

The results were analyzed using SPSS 18.0, and the mean
and the standard deviation were calculated. The nonpara-
metric Wilcoxon signed rank test was used to determine
changes in the neck—shoulder posture and in the strength
and the endurance of the muscles. The nonparametric
Mann-Whitney test was employed to examine differences
between the groups. Statistical significance was accepted
for values of p<0.05.

RESULTS

The experimental group showed statistically signifi-
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Table 1. Comparison of outcome measures within and between groups at pre- and post-interven-

tion (Mean=SD)
Group Experimental group Control group
B Pre-test 54.294+5.14 54.33+3.48
HTA .
Post-test 51.694+4.70 54.55+3.36
NEA' Pre-test 36.50+4.59 34.77+6.38
Post-test” 27.52+4.84 34.2245.87
FSA® Pre-test 33.17+11.80 33.65+10.29
Post-test” 20.95+4.29 33.00+9.57
. Pre-test 2.37+0.12 2.39+0.23
CCFT .
Post-test 7.78+0.57 2.404+0.28

“p<0.05. HTA = head tilt angle, NFA = neck flexion angle, FSA = forward shoulder angle,

CCFT = craniocervical flexion test

cant changes in head tilt angle, neck flexion angle, forward
shoulder angle, and the results of the cranio-cervical flex-
ion test after the training (p<0.05). In contrast, the control
group showed no statistically significant changes in these
parameters following the training (p>0.05) (Table 1). When
the results of the two groups were compared, statistically
significant differences were found for in all items between
the experimental group and the control group (p<0.05)
(Table 1).

DISCUSSION

The human head weighs 3.5 to 4.5 kg, and muscles in the
neck and shoulder areas support the head'?. Bad posture
over a long period triggers dynamic stress and pain in the
neck and shoulders, leading to an abnormal imbalance in
muscle strength and flexibility?? and chronic or idiopathic
headache?). Correct posture habits and posture training are
necessary for high-school students who lead a sedentary
life for more than 10 hours a day, in order to prevent pos-
tural pain syndrome and functional disorders?.

Petty et al. noted that weakened deep flexor muscles and
consequentially decreased adjustment ability activated the
superficial muscles, sternocleidomastoid muscle and scale-
nus anterior muscle, and triggered excessive movement of
the chin and the head resulting in excessive extension of the
upper neck bone and shortening of the posterior muscles of
the neck bone, reducing the stability of the neck??.

Conley et al. reported that deep muscles of cervical ver-
tebrae maintain cervical lordosis and play an essential role
in adjusting the movement of spinal segments. Much re-
search has focused on the correlation between the stability
of the cervical spine and the deep flexor muscles®?.

Heo JG observed that impairment of the deep flexor
muscle in patients with chronic neck pain weakened the
strength of static muscles and severely weakened the en-
durance of the muscles. He added that for rehabilitation of
patients with neck pain, the primary objective should be to
improve the endurance of the neck muscles so that they can
withstand low-intensity load for a long time??.

In the present study, female high-school students per-
formed neck deep flexor muscle-strengthening exercise for
8 weeks, and their neck—shoulder posture (head tilt angle,

neck flexion angle, and forward shoulder angle) signifi-
cantly improved (p<0.05). Our results for the head tilt angle
and the neck flexion angle are slightly different than those
of Szeto et al.”), whose subjects were employees with and
without neck—shoulder discomfort. The contadictory re-
sults possibly arise from differences in the age range of the
subjects and the measurement methods.

We found a significant improvement in the strength and
the endurance of the deep flexor muscles in the present
study (p<0.05). This finding is almost consistent with that
of Chiu et al.?) who performed the cranio-cervical flexion
test on subjects with and without neck pain. They reported
that the pressure level of those with neck pain was signifi-
cantly lower than of those without symptoms. Our results
suggest that strengthening deep flexor is muscles important
for the adjustment of neck posture, and maintaining their
stability is required to improve neck-shoulder posture.

We are living in a world where interest in health and the
body is ever increasing. The need for posture education and
exercise should be emphasized to adolescents who adopt
incorrect sitting positions while spending long periods of
time studying, and indulge in additional unhealthy behav-
iors that can trigger postural alteration. This study con-
firmed that selective neck exercise improved high-school
students’ posture and significantly enhanced the strength
and endurance of their deep flexor muscles.

The limitations of this study were the small number of
participants in the study, the inclusion of female students
only, and the lack of information on their levels of activ-
ity, all of which make it difficult to generalize the results.
Future research should include a greater number of subjects
and make gender comparisons.
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