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ABSTRACT
Objective: The aim of this study was to investigate activation
pattern of neck muscles in patients with chronic neck pain of
nontraumatic origin during static tasks.
Materials and methods: Fifteen normal subjects were taken in
group A and 15 patients with chronic neck pain of nontraumatic
origin were taken in group B. Electromyography (EMG) activity
was recorded from the sternocleidomastoid, anterior scalene,
levator scapulae and upper trapezius muscles. Percentage
maximum voluntary isometric contraction were calculated
during static tasks, which included shoulder abduction to 90°
and hold, shrug and hold, craniocervical flexion and hold.
Results: There was no significant (p >  0.05) difference found
in activation pattern of neck muscles when we compared
right and left sides within groups A and B. But when we compared between groups, group B showed a significant (p < 0.05)
increased activation pattern in anterior scalene, sternocleidomastoid, upper trapezius compared to normal subject’s neck
muscles except levator scapulae which shows no significant
difference between groups.

asymmetries.² It is suggested that this habituated adap
tation of movement and postures affects the motor strate
gies including the activation patterns of muscles.³
Various studies performed on patients with chronic
neck pain of traumatic origin have reported increased
activity in the superficial cervical muscles.4
Further adding to these findings increased activity
in the upper trapezius during the performance of a
functional task in patients with neck pain was demon
strated.5,6
Thus, this study aimed to investigate neck muscle
activation patterns during static tasks between patients
with chronic neck pain of nontraumatic origin and
normal subjects.

MATERIALs AND METHODs

Conclusion: It is concluded from the study that, in patient
of nontraumatic origin of chronic neck pain, all the patients
showed a significant increased level of EMG activity in neck
muscles during performance of static activities as compared
to asymptomatic controls.

Study design was observational in nature. Total duration
of study was one and half year. A total of 30 subjects
were taken in the study. All the subjects were selected
according to the criteria:
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Introduction
Neck pain with a proposed cervical etiology or contribu
tion is highly prevalent disorder. Motor aspects of muscle
trigger points may include disturbed motor function,
muscle weakness and most importantly muscle stiffness.¹
The patients with chronic pain frequently exhibit
rigid and guarded movement patterns and postural
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•
•
•
•
•

Age: 20 to 45 years
Gender—both males and females
Duration of neck pain of at least 6 months
Patient cooperative and mentally fit
Normal individuals between the age of 20 and 45 years.

Exclusion Criteria
•
•
•
•
•
•

Fracture of upper limb
Patients with neurological or psychological problems
Intra or extraspinal tumors
Referred cardiac pain
Rotator cuff injury
Thoracic outlet syndrome.

ELECTRODE PLACEMENT
Single pair of electrodes was applied following
careful skin preparation. It was cleaned with 70% alcohol
to reduce skin impedance. The electrodes were cited,
after careful palpation parallel to the underlying
muscle fibers with a 20 mm inter electrode distance. For
sternocleidomastoid (SCM), electrodes were placed at
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the point of intersection of the lines joining the sternal
notch to mastoid process and another perpendicular to
it in direction of muscle fibers. Electrodes for anterior
scalene (AS) were placed along the line running para
llel to the lateral border of clavicular portion of SCM.7
Electrodes for levator scapulae (LS) were centered
laterally to C3-4 spinous process between the posterior
margin of SCM and anterior margins of upper trape
zius (UT). For UT electrodes were located 1 cm lateral
to midpoint of a line connecting the acromion and C7
spinous process and second electrode was attached
2 cm laterally on same line.8 Ground electrode was placed
at the ventral aspect of forearm.9

resistance was applied over forehead with a magnitude
equal to subjects’ efforts such that the contraction to be
isometric (Fig. 4). The contraction was held for 10 seconds.
After a rest period of 30 seconds, this was repeated for
3 trials. The best/maximum 1 second activity was taken
as MVIC.

PROCEDURE
Procedure for Data Collection
A written consent was obtained, and the required assess
ment and evaluation was done. The maximal voluntary
isometric contraction in manual muscle test position
specific to each muscle or muscle part of interest was
recorded.10 This was used for normalization of electro
myography (EMG) recordings during each activity.

Fig. 1: mvic upper trapezius

MVIC for UT
Subject was in sitting position and performed static
contraction of shoulder abduction with the arm at 90º
abduction and neutral shoulder rotation. Resistance was
provided proximal to the elbow joint (Fig. 1). The best/
maximum 1 second activity of 3 trials of 10 seconds each
with the 30 seconds rest period between trials was taken
as maximum voluntary isometric contraction (MVIC).11

MVIC for AS
Subject was in supine lying position and asked to perform
static neck flexion against the manual resistance applied
over the forehead (Fig. 2). Three trials of 10 seconds each
with 30 seconds rest period between trials were conducted.
The best/maximum 1 second activity was taken as MVIC.

Fig. 2: MVIC anterior scalene

MVIC for LS
Subject was in sitting position with his neck laterally
rotated to same side and asked to perform a static shoulder
elevation against the manual resistance applied over the
shoulder (Fig. 3). The best/maximum 1 second activity of
3 trials of 10 seconds each with the 30 seconds rest period
between trials was taken as MVIC.

MVIC for SCM
Subject in supine lying and asked to performed static
neck flexion with the neck laterally flexed to the same
side and rotated to the opposite side. Manual, maximal
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Fig. 3: MVIC levator scapulae
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STATIC TASKS

Shrug

Abduction

Subject in the same position and instructed to perform
a shrug up to ear level and sustain it in this position for
5 seconds duration and the muscle activation pattern
observed (Fig. 6).

Subject was in sitting position on a stool with hip, knee and
ankle at 90º trunk straight and the face looking straight
forward. Arms were positioned at the side of the body. Sub
jects were instructed to take arm till 90º abduction (Fig. 5).

Craniocervical Flexion
Subject in supine lying position sagitally symmetrical
and instructed to perform craniocervical flexion but with
shoulders on the plinth and sustain it in this position for
5 seconds duration and muscle activation observed (Fig. 7).

Data Analysis

Fig. 4: MVIC sternocleidomastoid

Statistics was performed by using the SPSS 13.0 software.
The Chi-square test was used at the start of study to
compare gender between the groups. Unpaired t-test was
used for age and statistical analysis and differences in
activation pattern between groups. Paired t-test was used
to analyze the difference in activation pattern between
the right and left sides. The significant level selected for
this study was p < 0.05.

RESULTs
This study included two groups. Group A was consis
ting of 15 normal subjects with 5 males and 10 females
with mean age of 22.46 (± 2.29), and group B consisting of
15 chronic neck pain patients with 3 males and 12 females
with mean age of 22.87 (± 1.99). There was no statistically
significant difference between both the groups in terms
of age and gender (Table 1).

Comparison within Group A

Fig. 5: Abduction

In group A during the performance of shrug and cranio
cervical flexion, there was no significant difference
(p > 0.05) found in activation pattern of upper trapezius,

Fig. 6: Shrug

Fig. 7: Craniocervical flexion
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Ls, Scm and as except in ut which showed a significant
difference (p < 0.05) in activation pattern between right
and left side during abduction (Table 2 and Graph 1).

increase (p < 0.05) in activation pattern of neck muscles
except in ls which showed nonsignificant difference
(p > 0.05) during shrugging activity (Table 4 and Graph 3).

Comparison within Group B

Comparison between Groups A and B of
Left side Activity

In group B during the performance of abduction, shrug
and craniocervical flexion, there was no significant diffe
rence (p > 0.05) in activation pattern of all neck muscles
between right and left sides (Table 3 and Graph 2).

Comparison between Groups A and B of
Right side Activity
When we compared right side neck muscle between
groups A and B during performance of abduction, shrug
and craniocervical flexion, group B showed significant
Table 1: basic characteristics of the subjects
Total no.
Male/female
Mean age

Group A
15
5/10
22.47 ± 2.29

Group B
15
3/12
22.87 ± 1.99

When we compared left side neck muscle activity bet
ween groups A and B, there was no significant difference
(p > 0.05) found in activation pattern of Ls and ut during
abduction and shrugging but, during craniocervical flexion,
it showed a significant increase (p < 0.05) in activation
pattern of SCM and AS in groups B (Table 5 and Graph 4).

DISCUSSION
The result of this study showed that there is altered
pattern of muscle activation identified for the patients
with chronic neck pain of nontraumatic origin during
the performance of various tasks confirm the results of
previous research, which demonstrated aberrant patterns
of neck muscle activation in patients with neck pain.

Table 2: Comparison within group A
Activity
Abduction
Shrug

Muscle
Right side (mean ± Sd)
UT
21.20 ± 6.84
UT
26.25 ± 12.61
LS
51.70 ± 19.49
Craniocervical flexion
SCM
33.38 ± 14.38
AS
49.64 ± 17.50
*Significant (p < 0.05); NS: Nonsignificant (p > 0.05)

Left side (mean ± Sd)
28.21 ± 11.81
31.46 ± 13.28
51.04 ± 23.30
35.99 ± 12.13
46.71 ± 20.64

t-value
3.537
1.311
–0.164
1.07
–0.77

Significance
*
NS
NS
NS
NS

t-value
0.71
–0.22
1.53
–0.60
–0.66

Significance
NS
NS
NS
NS
NS

Table 3: Comparison within group B
Activity
Abduction

Muscle group
UT
UT
Shrug
LS
Craniocervical flexion
SCM
AS
NS: Nonsignificant (p > 0.05)

Right side (mean ± SD)
31.72 ± 12.25
42.97 ± 22.76
57.26 ± 11.37
51.32 ± 19.96
72.52 ± 22.29

Graph 1: Comparison within group A

4

Left side (mean ± SD)
34.85 ± 11.46
40.9 ± 25.18
65.9 ± 16.28
47.62 ± 17.88
72 ± 25.08

Graph 2: Comparison within group B
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There is significant increase in EMG activity demonstrated in different neck muscles in subjects with chronic
neck pain when compared to normal subjects. Various
mechanisms have been proposed by researchers to explain
the increased EMG activity obtained in most of these
studies. Elert J et al suggested that pain was a consequence
of sustained spasm and that chronic pain disorders were
characterized by a vicious cycle of pain and hyperactivity.
They termed this as the hyperactivity model.12,13
Schmidt et al proposed that this was mediated by
the muscle spindle system. During muscle contraction
metabolites and low pH are produced which activates
the nociceptive fibers, in turn activating motor neurons.
Elevated motor neuron activity produce elevated muscle
spindle activity and/or sensitivity, in turn increasing
muscle fiber activity.14
According to Johansson and Sojka, metabolites
produced by (static) muscle contractions stimulate groups
III and IV muscle afferents, which activate gamma-motor
neurons projecting to both homonymous and hetero

nymous muscles. The gamma-motor neurons influence
the stretch sensitivity and discharges of secondary and
primary spindle afferents. Increased activity in the
primary muscle spindle afferents enhances the muscle
stiffness, which leads to further production of metabo
lites in both homo and heteronymous muscles. Increased
activity is secondary spindle afferents, which project
back to the gamma system, constitutes a ‘built in’ second
positive feedback loop which may perpetuate the condi
tion with less ‘support’ from activity in groups III and
IV muscle afferents.15
The patients with chronic pain frequently exhibit
rigid and guarded movement patterns and postural
asymmetries.2 Kasman GS et al suggested this habituated
adaptation of movement and postures affects the motor
strategies including the activation patterns of muscles.3
Psychological or occupational neck stress, precipitate
the muscle spasm or even abnormal posture. It is well
known that mental state affects the posture, which may
lead to, altered activation pattern. The hyperactivity

Table 4: Comparison between groups A and B of right side activity
Activity
Abduction
Shrug

Muscle group
Side
UT
Right
UT
Right
LS
Right
Craniocervical flexion
SCM
Right
AS
Right
*Significant (p < 0.05); NS: Nonsignificant (p > 0.05)

Group A
21.20 ± 6.84
26.25 ± 12.61
51.70 ± 19.49
33.38 ± 14.38
49.64 ± 17.50

Group B
31.72 ± 12.25
42.97 ± 22.76
57.26 ± 11.37
51.32 ± 19.96
72.52 ± 22.29

t-value
3.18
2.64
1.18
2.96
3.54

Significance
*
*
NS
*
*

Table 5: Comparison between groups A and B of left side activity
Activity
Abduction
Shrug

Muscle group
Side
UT
Left
UT
Left
LS
Left
Craniocervical flexion
SCM
Left
AS
Left
*Significant (p < 0.05); NS: Nonsignificant (p > 0.05)

Group A (mean ± SD)
28.21 ± 11.81
31.46 ± 13.28
51.04 ± 23.30
35.99 ± 12.13
46.71 ± 20.64

Graph 3: Comparison between groups A and B of
right side activity

Group B (mean ± SD)
34.85 ± 11.46
40.9 ± 25.18
65.9 ± 16.28
47.62 ± 17.88
72 ± 25.08

t-value
1.56
1.28
2.02
2.08
3.01

Significance
NS
NS
NS
*
*

Graph 4: Comparison between groups A and B of
left side activity
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model best explains the increased EMG activity observed
in the patients.12
Knost B et al suggested that internal psychological
tension or exposure to stress caused increased muscle
tension and this led to lower pain perception and over
time became a pain inducing mechanism, thus, leading
to vicious pain-tension cycle.16
Only specific muscles demonstrated statistically
significant differences during the performance of
partic ular tasks, e.g. right-sided ut demonst rated
greater activity as compared to control group during
performance of abduction and left-sided ls during per
formance of shrug. Significant difference was observed
in activation pattern of both right and left-sided scm
and as during performance of craniocervical flexion.
Similar findings were observed by Falla D et al in their
study on patients with chronic neck pain where they
concluded that people with neck pain demonstrate an altered
pattern of muscle activation characterized by reduced
deep cervical flexor muscle activity during a low load
cognitive task and increased activity of superficial cervical
flexor muscles during both cognitive tasks and functional
activities.7
A forward head posture has been associated with
cervical pain syndromes and linked to muscle dysfunc
tion. As explained by Janda, this forward head posture is
associated with increased tension of ls and ut muscles.
Since, the upper fixator attaches to the cervical spine
and if they are over activity along with forward drawn
shoulders that is protracted and elevated shoulder.
Then, there is compensatory hyperlordosis of the cervico
cranial junction. This tends to result in SCM becoming
overactive.17
Further, over activity of LS was observed in the patient
group as compared to the control group. Rosenthal R
observed similar finding in his study where he stated
that forward head posture is associated with changes in
proximal musculoskeletal structures comprising cervical
erector spinae, ut, ls and anterior vertebral neck flexors
and associated joints. Muscle and soft-tissue imbalances
may affect the alignment and biomechanics of upper
quadrant structures causing hyperextension of upper
cervical spine, flattening of lower cervical spine, eleva
tion and forward protraction of shoulders. These muscle
imbalances lead to over activity of ls along with other
muscles.18
This increased superficial cervical flexor muscle acti
vity can also be attributed to forward head posture. Yip
CH et al have reported that patients with neck pain have
small craniovertebral angle and thus greater forward
head posture and greater neck disability.19
Increased UT muscle activity was seen during the
performance of abduction to 90º and hold which can be

6

explained on the basis of learned guarding response as
described by Roe C et al in their study on patients with
whiplash associated disorder grade 2 on performance
of the dynamic task. He described this persistence of
increased EMG level as compared to active side due to
the decreased ability to relax their trapezius muscles
probably as a result of learned guarding response.20
Thus, these findings are considered to be responsible
for the increased EMG activity in muscles of patients with
chronic neck pain of nontraumatic origin in this study.
Thus, above discussion diverts the physical therapist
toward working for the goal of decreasing the increased
muscle tension in patients with chronic neck pain of
nontraumatic origin.

CONCLUSION
It can be concluded from the present study that neck
muscles in patients with chronic neck pain showed
a significant increased level of EMG activity in neck
muscles during performance of static tasks as compared
to asymptomatic controls.
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