
956

J Int Acad Phys Ther Res 2016; 7(1): 956-964
ISSN 2092-8475

www.iaptr.org
http://dx.doi.org/10.20540/JIAPTR.2016.7.1.956

A correct posture means straightening the spine
while maintaining the natural spinal curves of the
human body. In other words, as a balanced pos-
ture that does not incline to any side(front, back,
left, or right), it minimizes pressure on the body.
Individuals lose this balanced body shape due to
bad habits, exercises, labor, accidents, or shocks
in daily life. In particular, the unhealthy lifestyles
of students due to their excessive use of comput-
ers, lack of education on healthcare, lack of exer-
cise, and improper postures while working affect
changes in muscle shape and skeletal structure,
which are likely to cause abnormal development in
various forms. Therefore, it is of great importance
to maintain correct postures in daily life(1).
Because of the popularization of computers, stu-

dents and workers who frequently use the com-
puter are increasingly complaining of disorders in
the musculoskeletal systems of the neck and
shoulders(2-4). In particular, the maintenance of
static postures such as looking at a monitor for
long hours causes bad postures due to the effects
of gravity(5). Among them, the most common
postural change is forward head posture(FHP).
FHP increases the bending moment of the neck as
the head is located forward, and shortens the
muscles in the back of the head and neck and
leads to the relative forward protrusion of the
upper cervical spine by causing compensatory
bending in the upper cervical joints and the
atlantooccipital articulation to fix one’s eyes on
the front(6). The continuous maintenance of a
wrong posture causes upper crossed syndrome.   
This consequently weakens deep flexors such as
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INTRODUCTION

The purpose of this study was to identify the effects of continuous muscle
strengthening applied to the antagonist of the sternocleidomatoid, upper
trapezius, and pectoralis major, which are the shortened muscles of forward
head posture(FHP) subjects, and Evjenth-Hamberg stretching(EHS) applied
to the shortened muscles on changes in pressure pain threshold(PPT).
Twenty subjects were divided into the continuous antagonist strengthen-
ing(CAS) group(n=10) and the EHS group(n=10), and each group performed
its respective exercise three times a week for a six week period. The
results were as follows: The comparison of changes in PPT within each
group before and after the treatment showed a statistically significant differ-
ence(p<.05) according to the treatment period and a statistically significant
difference according to the treatment period and method(p<.05). While the
comparison of the tests of between subjects effects between the groups
did not show a statistically significant difference, the CAS group exhibited
better effects. The above results suggest that the combined application of
CAS and EHS generates better effects on changes in PPT than the single
application of EHS. Given that stretching and muscle strengthening exercis-
es even for the short research period of six weeks could change the PPT,
continuous exercises and a correct postural habit for a longer period of
time are likely to help prevent chronic pain and correct FHP 
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the rhomboids, serratus anterior, and lower
trapezius and shortens the pectoralis major, pec-
toralis minor, upper trapezius, and levator scapu-
lar (4,7,8), thereby causing pain in the head, tem-
poromandibular joints, cervical vertebrae, thoracic
vertebrae, shoulders, and arms(9,10). A number of
studies reported that therapeutic approaches that
apply the strengthening of weakened muscles and
the stretching of shortened muscles are necessary
for postural alignments to improve FHP(11,12).
Among muscle stretching methods, Evjenth-
Hamberg stretching(EHS) applies the combination
of isometric contraction and static stretching in
the agonist and antagonist(13). Continuous antag-
onist strengthening(CAS) maximizes stretching
effects on the agonist through the continuous
application of antagonist strengthening exercises
which were initially applied in EHS.

While various studies have been conducted to
improve FHP, studies that examine changes in the
pressure pain threshold(PPT) of the above muscles
by applying EHS and CAS remain inadequate.
Therefore, the purpose of this study is to learn
about the effects of CAS applied to the antagonist
of the sternocleidomatoid, upper trapezius, and
pectoralis major, which are the shortened muscles
of FHP subjects, and EHS applied to the shortened
muscles on changes in PPT. 

This study was carried out in 20 students whose
forward head posture degree was over mild trans-
formation in accordance with NewYork City
Posture Evaluation Standards(8) among the male
and female college students attending the colleges
located at Gyeongnam region. Of those subjects,
those who had pain or injury in shoulder girdle,
those who had orthopedic, neurological, and der-
matological diseases in spine and upper limbs, and
those who did not understand this experiment and
agree to participate in this experiment positively
were excluded. 

In this study, subjects were randomly assigned to
Continuous antagonist strengthening(CAS)
group(n=10) and Evjenthe-Hamberg stretching(
EHS) group(n=10) and then intervention was given

3 times a week for a total of 6weeks. CAS group
took antagonist strengthening exercise for 10s
after EHS and then took a rest for 5s, which was
repeated 4times(4sets). After 10 sets of exercise,
10-minute rest time was given, which was
repeated 3times(60 minutes in total). EHS group
carried out Evjenthe-Hamberg stretching(14). A
preliminary inspection was carried out before
intervention and post-inspection was carried out
on the 3rd and 6th week in order to measure
changes.

A total of 20 subjects were randomly classified
into two groups and explained exactly about how
to stretch one day before the date of commence-
ment of research on the premise that they had
already understood how to stretch. As warm-up
before stretching, 5-minute standing jump was
carried out, and the stretching was conducted in
the order of left and right sternocleidomastoid,
upper trapezius, and pectoralis major. 

sternocleidomastoid
Participants took a supine position on the hospi-

tal bed and protruded their heads and necks out of
their bed with their shoulders placed at the edge
of bed. Their shoulders and chests were fixated
with belt. At the same time, an experiment stood
in the bedhead. Their heads and necks took posi-
tion so that patients could feel tension in easily
shortened muscles. The therapist held subject's
head with his/her hand and held subject's mastoid
with his/her fingers so that subject's both ears
could be placed into therapist's both palms com-
fortably. Maintaining this posture, the experi-
menter rotated subject's head completely toward
right side and bent it toward left side while towing
them simultaneously. Subjects were instructed to
say "stop" when they felt a slight tractive sensa-
tion right before they felt pain. This point was set
as initial stretching posture. In this initial
stretching posture, subjects were instructed to
apply a strain as if they were pressing an experi-
menter's right hand and isometric contraction was
induced by exerting a balanced force of the same
amount in the opposite direction. 
The period of isometric contraction was given for

6s. During contraction, they were instructed to
count one, two, three, four, five, and six slowly to
prevent blood pressure from rising rapidly as
Valsalva maneuver phenomenon that may appear
during isometric contraction. 

Subjects

Evjenth-Hamberg Stretching 

Methods

METHODS
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The subject relaxed for 2-3s after contraction,
whereas the experimenter moved by hand power
into more stretched direction. The experimenter
had to move to the point where muscles stopped
and at this point, maintained for 15-16s. Finally,
to strengthen antagonist, the experimenter looked
at the right side and had the subject move further
in the direction that hairs sticked out. The experi-
menter resisted this movement and strengthened
subject's antagonistic muscle. The time was given
for 6s, and they were instructed to maintain their
relaxed state to take a rest for 10s. It was carried
out 4 times repeatedly and the stretching time
was 160s in total. 

upper trapezius
Subjects were instructed to take a lying position

with their heads and necks protruded out of beds.
Their shoulders and chests were fixated with
belts. The experimenter stood at the bedhead. He
held subject's back of the head with his right
hand, supported subject's head with his wrists and
arms, and held subject's jaw with his left hand.
Maintaining this posture, the experimenter
applied a tractive force. Maintaining this traction,
the experimenter rotated subject's cervical verte-
brae slowly and completely toward the right side
and bent toward the left side. He moved his neck
simultaneously when subject's head moved. After
then, isometric contraction was induced and
maintained for 6s. To strengthen antagonistic
muscle, he maintained the location that he held
with his hands and pulled subject's chin toward
right side. After then, the experimenter had the
subject look at the direction that hairs were stick-
ing out and moved hairs further in the direction
that hairs were sticking out. The experimenter
resisted this movement to strengthen subject's
antagonistic muscles. Time of isometric contrac-
tion, relaxing method, and overall stretching time
are the same as the methods applied for stern-
ocleidomastoid muscle.

pectoralis major
Subject's posture and experimenter's location are

the same as the methods applied for sternocleido-
mastoid muscle. Thoracic cage was fixated into
bed using belt. Before carrying out treatment,
subject's knee and hip joint were bent to stabilize
waist and back and prevent forward bending of
lumbar vertebrae. 

The experimenter used his both hands to hold
subject's inner side of arm right above his elbow

so that subject's both arms could be completely
rotated outward and bent at shoulder joint. At this
state, the experimenter bent subject's shoulder
joint completely and slowly. After then, isometric
contraction was induced for 6s, and to strengthen
antagonistic muscles, the subject put his/her
hands under arms to hold on the contrary to the
hairs sticking out and bent his/her shoulder joint
further in the direction of sticking out, and at this
posture, the experimenter gave resistance to
strengthen the subject's antagonistic muscles.
Isometric contraction time, relaxing method, and
overall stretching time are the same as the meth-
ods applied for sternocleidomastoid muscle. 

The experimenter used his both hands to hold
subject's elbow and lower arms. The experimenter
held the subject so that the subject's arms could be
bent and rotated outward completely in the loca-
tion that exercises are significantly limited
between subject's arm 90° bending and complete
bending. In this state, the experimenter bent sub-
ject's shoulder joint completely and slowly. After
then, isometric contraction was induced for 6s,
and to strengthen antagonistic muscles, the sub-
ject put his/her hands under arms to hold on the
contrary to the hairs sticking out and bent his/her
shoulder joint further in the direction of sticking
out, and at this posture, the experimenter gave
resistance to strengthen subject's antagonistic
muscles. Isometric contraction time, relaxing
method, and overall stretching time are the same
as the methods applied for sternocleidomastoid
muscle. 

The experimenter used his both hands to hold
subject's upper arm of elbow joint. The experi-
menter held the subject so that subject's arms
could be bent and rotated outward completely in
the state of shoulder joint 90° bending and elbow
joint 90° bending. In this state, the experimenter
opened subject's shoulder joint slowly and com-
pletely. After then, isometric contraction was
induced for 6s, and to strengthen antagonistic
muscles, the subject put his/her hands under arms
to hold on the contrary to the sticking out and
bent his/her shoulder joint further to the direction
of sticking out, and at this position, the experi-
menter gave resistance to strengthen subject's
antagonistic muscles.  Isometric contraction time,
relaxing method, and overall stretching time are
the same as the methods applied for sternocleido-
mastoid muscle. 
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After carrying out Evjenthe-Hamberg stretch-
ing(EHS) like the above methods, antagonist
strengthening exercise was carried out for neck
extensor, lower trapezius, and deltoid posterior.
Antagonist strengthening exercise was carried out
in the same way as the Evjenthe-Hamberg
stretching's final method. Cervical extensor and
deltoid muscle posterior strengthening exercise
were carried out in a prone position, and lower
trapezius strengthening exercise was carried out
in a sitting posture. In the strengthening exercise
time, strengthening exercise was carried out for
10s and then rest time was given for 5s, which
was one(1) set: this set was carried out 4 times
repeatedly. During one session, a patient carried
out 10 sets. After 10 sets, rest time was given for
10 minutes, which was repeated 3 times: 60 min-
utes in total. 

The level of pressure pain in trigger points is
defined as pressure pain threshold(PPT). The PPT
is defined as the minimum pressure that gener-
ates pain(15) and has been measured using the
pressure algometer(Meditech group, USA). 

In particular, the pressure algometer is effec-
tively used in measuring the trigger points of
myofascial pain syndrome as it can quantify the
accurate locations of trigger points and pressure
sensitivity in muscles(14,15). found that measure-
ments using the pressure algometer showed sub-
stantially high levels of intra-rater reliability
(r=.69~.97) and inter-rater reliability (r=.71~.89)
in measuring the PPT of trigger points. Turk and
Ruby reported that the test-retest reliability
(r=.85) and the inter-rater reliability(r=.85) of the
PPT measured using the pressure algometer were
very high(16).

The level of pressure pain was measured as fol-
lows: First, each patient was instructed to stay
relaxed. In this condition, a pressure algometer
was directly placed on the patient’s trigger points
to be perpendicular to the skin surface. The pres-
sure for the measurement of pressure pain was
applied at a rate of 1lb/sec. The patient was
instructed to give the voice signal “Ah!” at the time
when pain started, and the value on the pressure
algometer at the moment was measured based on
lb. After measuring three times at a one-minute
interval, the average of the three measured values
was obtained as a final score. 

The pressure algometer used in this study con-
sisted of a body applied to the patient’s skin and a
zero-point switch, and enabled measurements
based on lb/㎠. The measurement of up to 60lb was
possible and the gradations had an interval of 1lb.

In this study, the statistics software SPSS/WIN
18.0 was used for statistical processing and the
independent t-test was used to identify the gen-
eral characteristics of the subjects. The repeated
measure analysis of variance(ANOVA) was used to
identify changes in the PPT of each group before
the treatment, and three weeks and six weeks
after the treatment. The statistical significance
level for the processing of all data was set at α
=.05.

Twenty individuals participated in this study as
FHP subjects including ten in the CAS group and
ten in the EHS group. The CAS group consisted of
six men and four women, and the EHS group con-

General characteristics of the subjects

Continuous Antagonist Strengthening Exercise

Measurement of the pressure pain threshold

RESULTS

Male(n=6)

Female(n=4)

23.0±2.0

172±5.6

62.8±7.8

Male(n=7)

Female(n=3)

22.8±1.1

174.8±6.3

67.7±4.9

0.447 

0.269 

-1.054 

-1.671 

Gender

Age(years)

Height(cm)

Weight(kg)

0.660 

0.791 

0.306 

0.112 

CASG EHSG t p

Table 1. General characteristics of the subjects

CASG : Continuous Antagonist Strengthening Group     EHSG : Evjenthe-Hamberg Stretching Group

Data Analysis



960

Effects of Continuous Antagonistic Muscle Strengthening and Evjenth-Hamberg Stretching on the Pressure
Pain Threshold of Forward Head Posture Subjects

sisted of seven men and three women. The sub-
jects in the CAS group were, on average, 23 years
old in age, 172cm in height, and 62.8kg in weight.
The subjects in the EHS group were, on average,
22.8 years old in age, 174.8cm in height, and
67.7kg in weight(Table 1). 

The results of comparing changes in PPT before
and after the treatment in the two groups accord-

ing to the treatment period were as shown in
Table 2. Based on the results of multivariate tests,
the comparison of changes in PPT before and
after the treatment within each group showed a
statistically significant difference(p<.05)(Table8~
13), and a statistically significant difference
according to the treatment period and method
(p<.05)(Table 8, 13). The comparison of the tests of
between-subjects effects between the groups did
not show a statically significant difference
(p<.05)(Table 14~19).

The comparison of changes in PPT after the treat-
ment according to the treatment period

threshold

threshold * group

Pillaìs Trace

Pillaìs Trace

18.337

3.991

2.000

2.000

.000*

.038*

F

.683

.320

Value hypothesis df

17.000

17.000

error df p

Table 8. Multivariate tests on Rt SCM

* p<.05

CASG

EHSG

1.40±0.70

2.70±1.83

3.50±1.65

3.60±1.65

3.50±1.65

3.40±1.43

3weekspreVariation 6weeks

Table 2. Variation of Rt SCM treatment period on
each group (unit : lb/㎠)

CASG

EHSG

1.60±0.70

2.10±1.73

3.10±1.29

3.00±1.33

3.30±1.41

2.70±1.42

3weekspreVariation 6weeks

Table 3. Variation of Lt SCM treatment period on
each group (unit : lb/㎠)

CASG

EHSG

6.20±3.61

5.30±2.11

9.90±5.63

7.40±3.13

10.10±5.74

7.70±2.91

3weekspreVariation 6weeks

Table 4. Variation of Rt Trapezius treatment period on
each group (unit : lb/㎠)

CASG

EHSG

6.00±3.20

5.00±1.94

9.40±5.72

6.80±2.15

9.90±5.49

7.10±2.13

3weekspreVariation 6weeks

Table 5. Variation of Lt Trapezius treatment period on
each group (unit : lb/㎠)

CASG

EHSG

7.50±5.04

6.00±3.86

10.70±5.77

6.80±3.74

10.60±5.68

6.80±3.62

3weekspreVariation 6weeks

Table 6. Variation of Rt Pectoralis major treatment
period on each group (unit : lb/㎠)

CASG

EHSG

6.80±3.80

5.80±3.62

11.00±5.00

6.30±3.64

10.90±5.11

6.80±3.16

3weekspreVariation 6weeks

Table 7. Variation of Lt Pectoralis major treatment
period on each group (unit : lb/㎠)
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threshold

threshold * group

Pillaìs Trace

Pillaìs Trace

18.101

2.261

2.000

2.000

.000*

.135

F

.680

.210

Value hypothesis df

17.000

17.000

error df p

Table 9. Multivariate tests on Lt SCM

* p<.05

threshold

threshold * group

Pillaìs Trace

Pillaìs Trace

16.278

.980

2.000

2.000

.000*

.396

F

.657

.103

Value hypothesis df

17.000

17.000

error df p

Table 10. Multivariate tests on Rt Trapezius

* p<.05

threshold

threshold * group

Pillaìs Trace

Pillaìs Trace

18.818

1.640

2.000

2.000

.000*

.223

F

.689

.162

Value hypothesis df

17.000

17.000

error df p

Table 11. Multivariate tests on Lt Trapezius

* p<.05

threshold

threshold * group

Pillaìs Trace

Pillaìs Trace

6.440

2.209

2.000

2.000

.008*

.140

F

.431

.206

Value hypothesis df

17.000

17.000

error df p

Table 12. Multivariate tests on Rt Pectoralis major

* p<.05

threshold

threshold * group

Pillaìs Trace

Pillaìs Trace

18.380

8.983

2.000

2.000

.000*

.002*

F

.684

.514

Value hypothesis df

17.000

17.000

error df p

Table 13. Multivariate tests on Lt Pectoralis major

* p<.05

Group

Error

1

18

2.817

6.157

.507

df

2.817

110.833

Type Ⅲ SS MS

.457

F p

Table 14. Teat of between-subject effects on Rt SCM

* p<.05
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Group

Error

1

18

.067

3.919

.898

df

.067

70.533

Type Ⅲ SS MS

.017

F p

Table 15. Teat of between-subject effects on Lt SCM

* p<.05

Group

Error

1

18

56.067

45.963

.284

df

56.067

827.333

Type Ⅲ SS MS

1.220

F p

Table 16. Teat of between-subject effects on Rt Trapezius

* p<.05

Group

Error

1

18

68.267

38.685

.201

df

68.267

696.333

Type Ⅲ SS MS

1.765

F p

Table 17. Teat of between-subject effects on Lt Trapezius

* p<.05

Group

Error

1

18

141.067

62.074

.149

df

141.067

1117.333

Type Ⅲ SS MS

2.273

F p

Table 18. Teat of between-subject effects on Rt Pectoralis major

* p<.05

Group

Error

1

18

160.067

46.685

.081

df

160.067

840.333

Type Ⅲ SS MS

3.429

F p

Table 19. Teat of between-subject effects on Lt Pectoralis major

* p<.05

FHP refers to the posture in which the center-
line of the head is placed forward compared to the
center-line of the shoulders(17). FHP causes the
shortening of the levator scapular, sternocleido-
mastoid, scalene, upper trapezius, and pectoralis

major and minor, and the weakening of the lower
cervical vertebrae, lower cervical and thoracic
erector spinae,  middle and lower trapezius, and
rhomboid(18,19). As improvements in FHP are the
key to reducing these problems, clinicians aim
at corrective exercises regarding this abnormal
alignment in the head region(12,20). In this regard,

DISCUSSION
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this study intended to examine changes in the
PPT of the respective muscles through EHS and
CAS. 

Stephanie et al. improved the FHP and round
shoulders of swimmers through the combined
exercises of stretching and muscular strength
exercises using a ball and foam roller for eight
weeks(21). Choi reported that the application of
stretching and muscle strengthening exercises in
the cervical and chestal regions of 16 subjects for
10 weeks resulted in the effects of improving
FHP(22). In addition, Lee reported that the appli-
cation of stretching exercises in 14 subjects for
four weeks resulted in the effects of improving
FHP(7). Moreover, Truk and Rudy conducted a
study aimed at identifying the effects of stretch-
ing the pectoralis major of subjects with various
FHPs and round shoulders on their scapular pos-
tures while they were relaxed. In this study, the A
group that had moderate levels of FHPs and round
shoulders and the B group that had minor levels
of FHPs and round shoulders were instructed to
perform stretching exercises. On the other hand,
the C group that had minor levels of FHPs and
round shoulders did not perform any exercise(16).
While the comparison of the A group and the C
group in postural changes showed a statistically
significant difference (p<.05), the comparison of
the B group and the C group did not exhibit a sta-
tistically significant difference (p=.13). 
In the results of this study, the difference in the

effects of improvement between the EHS group
and the CAS group may be differences in the
effects of applying stretching in the agonist and
the time for applying muscle strengthening exer-
cises in the antagonist. While it may be a priority
to treat abnormal postural alignments, the results
of this study also suggest the importance of pre-
venting the development of these symptoms into
chronic diseases in the early stages by applying
the stretching of the upper trunk and muscle
strengthening exercises for the agonist and
antagonist in normal individuals who do not show
subjective symptoms due to FHP. In addition,
given that this study could change the PPT
through stretching and muscle strengthening
exercises despite the short research period of six
weeks, individuals who steadily exercise and
maintain a correct postural habit for a longer
period of time are likely to have better effects in
preventing chronic pain and correcting FHP. 
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