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Purpose The purpose of this study was to investigate the effects of cervical and lumbar stabilization exercises on
quantitative sensory testing (QST) and muscular activity in patients with neck pain. Methods A total of 40 patients

were randomly allocated into one of the two groups: The cervical stabilization exercise group (n=20), and the
lumbar stabilization exercise group (n=20). All the patients in the two groups were trained for 40 minutes a day,
3 times a week for 8 weeks in different places. QST were assessed using cold sensation threshold (CST), warm
sensation threshold (WST), cold pain threshold (CPT), heat pain threshold (HPT), in addition muscular activity
were assessed using sternocleidomastoid (SCM) muscle, and anterior scalene muscle. Results These result lead us to
the conclusion that each group were statistically improved at QST and muscle activity, but cervical stabilization
exercise group compared with lumbar stabilization exercise group was more significant improvement. Conclusion
Cervical and lumbar stabilization exercises has positive effects that are Enhancing QST and muscular activity
management in patients with neck pain.
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I. Introduction
Information technology (IT) devices are increasingly
used in modern times and this has been shown to correlate with an escalation in neck pain in general.1)
Cervical and shoulder pain affects students and office
workers, in particular, as they spend lengthy periods
sitting in a chair.2) The number of patients with neck
pain was shown to accelerate constituting a considerable portion of the social and economic burden.3)
Neck pain, also referred to as neck and shoulder joint
syndrome, involves pain and limited joint mobility in
the neck and shoulder tissues.4) Stress on the cervical
spine, owing to the type of occupation or lifestyle, is
the primary cause of neck pain.5) Stress leads to the excessive use of and abnormal movement in the cervical
doi : http:dx.doi.org/10.17817/2018.02.09.111242

spine, thus causing chronic neck pain.6) Neck pain contributes significantly to the health burden on society as
it leads to physical disorders, a reduction in work performance, and decreased quality of life.7) The amount
of time spent engaged in physical exercise and activity
is also decreasing in correlation with the amount of
time spent using IT devices.8) when the posture used is
incorrect. As a result, fatigue accumulates in the neck,
increasing the risk of neck pain.9)
The recovery of mobility and stability, and a reduction in pain, should be the primary goals of treating
patients with neck pain. Ensuring improvement in
muscular strength, endurance, and range of motion of
the cervical spine can be achieved through exercise.10)
Adequate tension in the muscles surrounding the cervical spine is essential to ensure stability and mobility
therein.11) It has been reported that the superficial
muscles (i.e., the scalene and sternocleidomastoid
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muscles) are appreciably more involved in ensuring
stability and mobility of the cervical spine than the
12)
deep muscles.
Incorrect posture causes asymmetry
of the trunk and changes in the musculoskeletal structure, which further negatively impacts on the ability to
13)
maintain the correct posture. The habitual use of incorrect posture was demonstrated to result in differ14)
ences in leg length in college students, while habit
of leg crossing was shown to cause non-alignment of
15)
the pelvis. Thus, the daily practice of ensuring correct postural control, to maintain correct alignment of
the spine and pelvis, is important. Trunk stabilization,
achieved by ensuring continuous tension in the muscles surrounding the spine and pelvis, is the most op16)
timal way of achieving cervical spine stability.
Varied intervention methods aimed at improving stability and mobility of the cervical and lumbar spine
15,17)
have been evaluated in several studies.
Of these,
cervical and lumbar stabilization exercises were reported to be the most effective as they were able to
control an unstable posture in a balanced way, and improve stability and mobility by stimulating co-contraction of the muscles surrounding the cervical spine,
18)
spine, and pelvis without causing pain. For this reason, and owing to their ability to minimize mechanical
19)
stress, they have been applied to various populations,
20)
including office workers, patients with chronic back
21)
22)
23)
pain, stroke patients, and those with neck pain.
However, the focus of existing research, which has
been fragmented, has been on changes in muscular activity and alignment of the cervical spine using cervical
stabilization exercises primarily, or on changes in muscular activity and alignment of the lumbar spine and
pelvic region using lumbar stabilization exercises. At
present, there is a scarcity of studies in which muscular
activity and pain in the cervical spine have been evaluated using a cervical stabilization exercises and lumbar
stabilization exercises. Thus, the effect of the application of cervical and lumbar stabilization exercises on
muscular activity and cervical pain in patients with
chronic neck pain was evaluated in the current study.

II. Materials and Methods
1. Subjects
Forty patients presenting due to neck pain at the
Department of Neurosurgery and Orthopedics, at
Hospital S, located in G Metropolitan City, South
Korea, and who agreed to participate in the study
were included. Patients with structural deficits, such as
fractures, inflammation, or severe degenerative disease,
or those who had to undergo surgery, were excluded.
The general characteristics of the research subjects is
provided in Table 1.
2. Intervention
The participants were randomly allocated to either a
cervical stabilization exercise or a lumbar stabilization
excerise group. Each group performed 40-minute exercises three times a week, for a total of eight weeks.
24)
25)
Tables 2 and Table 3 describe the exercise program
applied to the cervical stabilization exercise group and
lumbar stabilization exercise group, respectively.
3. Measurement of muscular activity
Muscular activity pertaining to the sternocleidomastoid
and anterior scalene muscles was measured using surface electromyography (Mega Electronics Biomonitor
®
®
ME6000 ; Mega, USA) device and MegaWin
(version2.3) software. To normalize it, it was first
measured underconditions of voluntary isometric
contraction. The percentage of maximal voluntary contractions (%MVC) of each muscular activity was de26)
termined and computed as the root mean square.

Table 1. General Characteristics of the subjects
CSEG (n=20)

LSEG (n=20)

P

Age(yrs)

40.50±7.31

39.60±6.05

0.23

Height(㎝)

165.1±4.25

168.7±6.52

0.53

Weight(㎏)

58.00±4.33

60.12±4.33

0.41

M±SD = Mean±Standard Deviation
CSEG=Cervical stabilization exercise group
LSEG=Lumbar stabilization exercise group
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Table 2. Program of cervical stabilization exercises
Classification

Variety of Exercises

Time

Warm-up

Joints and muscles stretching

5min

Cervical stabilization
exercise

Warm-down

1.
2.
3.
4.
5.
6.

stabilizer
stabilizer
stabilizer
stabilizer
stabilizer
stabilizer

bag
bag
bag
bag
bag
bag

pressing
pressing
pressing
pressing
pressing
pressing

exercise
exercise
exercise
exercise
exercise
exercise

20
22
24
26
28
30

Joints and muscles stretching

㎜Hg
㎜Hg
㎜Hg
㎜Hg
㎜Hg
㎜Hg

30min
(each 1set 10 inning 10sec,
rest 3~5sec)

5min

Table 3. Program of lumbar stabilization exercises
Classification

Variety of Exercises

Time

Warm-up

Joints and muscles stretching

5min

Lumbar stabilization
exercise

1. Quadrupedal position
2. Three-point kneeling
arm lift exercise
3. Three-point kneeling
leg lift exercise
4. Two-point kneeling
arm & leg lift exercise
5. Crawling exercise
6. Bridge exercise

30min
(each 1set 12 inning
20~25sec, rest 30sec)

Warm-down

Joints and muscles stretching

5min

4. Measurement of quantitative sensory testing
TSA-II NeuroSensory Analyzer®(Medoc, Ramat, Israel)
was selected to evaluate nerve impairment and apply
a QST. The subjects sat on a chair in a quiet room
and a temperature detector was attached to C2 spinous process. The warm sensation threshold (WST)
and cold sensation threshold (CST) was measured by
either increasing or decreasing the temperature by 1
℃ every second after setting a baseline temperature.
The heat pain threshold (HPT) and cold pain threshold (CPT), i.e., the temperature at which the stimulus
was experienced as painful by the subjects, was determined at the pushing of a button by the subjects.
The thermal sensation threshold was measured four
times using a 4- to 6-second resting time in between.
The average was then used in the analysis. Similarly,
the pain threshold was measured three times with a
10-second resting time in between and the average of

the three measures was utilized in the analysis. All the
temperatures were determined using baseline, maximum, and minimum temperatures of 30℃, 50 ℃, and
0℃, respectively. In cases where the subjects did not
feel a warm sensation/heat-related pain or a cold sensation/cold-related pain, respectively, 50° C and 0° C
were used as the thresholds.27)
5. Data analysis
SPSS®(version18.0) was used for statistical analysis.
The mean ± standard deviation was obtained for each
variable. Independen t-test, aparametric method was
employed to evaluate the homogeneity of the general
characteristics of the subjects. Two-way repeated
measures analysis of variance(ANOVA) was conducted
to assess the between-group difference of the measured variables, depending on the measurement time
used. Statistically significance was set at α=0.05.
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III. Results
1. Changes in muscular activity
Muscular activity in the sternocleidomastoid muscle increased by 10.17 μV and 3.92 μV in the cervical and
lumbar stabilization exercise groups, respectively.
Muscular activity in the anterior scalene muscle increased by 5.98 μV in the cervical stabilization exercise group and decreased by 1.28 μV in the lumbar
stabilization exercise group. A statistically significant
difference was observed regarding changes in the
muscular activity of the sternocleidomastoid (p < 0.05)
and anterior scalene (p < 0.01) muscles between the
groups depending on the measurement time used.
The statistically significant difference of interaction by
time and group shown in the two-way repeated measures ANOVA implies that the changes in the muscular
activity according to time is different between the two
groups (Table 4).
2. Changes in quantitative sensory testing
The CST increased by 2° C and 0° C in the cervical
and lumbar stabilization exercise groups, respectively.
A statistically significant difference between the two
groups (p < 0.01) was observed regarding changes in
the CST, depending on the measurement time used.
The statistically significant difference of interaction by
time and group that was shown in the two-way repeated measures ANOVA implies that the change of

CST according to time is different between the two
groups.
The WST decreased by 5° C and 3° C in the cervical and lumbar stabilization exercise groups,
respectively. This difference between the two groups
(p < 0.05), based on the measurement time employed,
was also found to be statistically significant. The statistically significant difference of interaction by time
and group shown in the two-way repeated measures
ANOVA implies that the change of WST according to
time is different between the two groups.
The CPT increased by 8° C and 4 ℃ in the cervical
and lumbar stabilization exercise groups, respectively.
Once again, this difference between the groups (p <
0.05), depending on the measurement time used, was
found to be statistically significant. The statistically significant difference of interaction by time and group
shown in the two-way repeated measures ANOVA implies that the change of CPT according to time is different between the two groups.
Lastly, the HPT decreased by 3° C and 2° C in the
cervical and lumbar stabilization exercise groups,
respectively. Yet again, based on the previously outlined parameters, this difference was observed to have
statistical significance (p < 0.05). The statistically significant difference of interaction by time and group
shown in the two-way repeated measures ANOVA implies that the change of HPT according to time is different between the two groups. (Table 5).

Table 4. Changes in muscular activity (Unit : ㎶)
Group

Pre

Post

F

CSEG (n=20)

15.68±4.65

25.85±9.33

LSEG (n=20)

16.41±4.14

20.33±6.41

T: 8.290*
G: 1.887
T×G: 5.206*

CSEG (n=20)

25.64±4.24

31.62±5.30

LSEG (n=20)

27.40±3.55

26.12±3.67

SCMM

ASM

T: 13.112**
G: 2.128
T×G: 14.491**

M±SD, T: time, G: group, *: p＜.05, **: p＜.01
CSEG=Cervical stabilization exercise group
LSEG=Lumbar stabilization exercise group
SCMM=Sternocleidomastoid muscle
ASM=Anterior scalene muscle
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Table 5. Changes in quantitative sensory testing (Unit : ℃)

CST

WST

CPT

HPT

Group

Pre

Post

F

CSEG(n=20)

25.56±1.67

27.10±2.09

LSEG (n=20)

26.64±2.94

26.79±3.04

T: 18.107**
G: 0.257
T×G: 17.414**

CSEG (n=20)

39.48±2.20

34.38±1.54

LSEG (n=20)

34.89±1.93

31.42±1.94

CSEG (n=20)

20.10±6.17

28.56±1.40

LSEG (n=20)

24.22±4.52

27.75±1.98

CSEG (n=20)

45.56±3.92

42.41±3.88

LSEG (n=20)

45.84±2.93

44.25±2.88

T: 24.338***
G: 0.063
T×G: 7.712**
T: 7.362*
G: 0.565
T×G: 13.129**
T: 22.460***
G: 0.337
T×G: 6.150*

M±SD, T: time, G: group, *: p＜.05, **: p＜.01, ***: p＜.001
CSEG=Cervical stabilization exercise group
LSEG=Lumbar stabilization exercise group
CST=Cold sensation threshold
WST=Warm sensation threshold
CPT=Cold pain threshold
HPT=Heat pain threshold

IV. Discussion
Range of motion in the cervical spine is categorized as
cervical spine mobility, head and neck mobility, and
combined cervical spine mobility. Flexible movement
in the cervical spine is supported by the superficial
muscles, i.e., the sternocleidomastoid and anterior scalene muscles.28, 29) The cervical spine plays a key role
in posture control by supporting the head and maintaining trunk stability. In particular, a health cervical
lordosis is maintained by co-contraction of the muscles around the cervical spine.28) Increasing attention is
being given to the ability of the superficial muscles to
maintain posture control and cervical spine stability.29)
Cervical and lumbar stability refers to the ability to
maintain the spine in a neutral position through appropriate control of the muscles surrounding the cervical and thoracic vertebrae, and the lumbar and
pelvis.30) Disturbance to the neutrality of the position
of the head and neck can cause pain due to hypertonicity of the surrounding muscles. It has been proposed that muscle hypertonicity and pain can be re-

duced by improving the ability to maintain a neutral
head-neck position through cervical stabilization exercises as these expedite the contraction of muscles
around the cervical spine.31)
Lumbar stabilization exercises are used to enhance
the stability of lumbar spine and induce balanced posture control and trunk stability by improving contraction in the skeletal muscles around the spine (i.e.,
erector spinae, musculus transversus abdominis, multifidus, and lumbar quadrate) that contribute to lumbar
spine and pelvic region stabilization.32) In particular,
lumbar stabilization exercises play an important role in
achieving spine stability and postural control by increasing muscular activity in the abdomen, lumbar
spine, and pelvic region.33)
Changes in muscular activity
Changes in muscular activity (i.e., the sternocleidomastoid and anterior scalene muscles) of patients with
neck pain, before and after the cervical and lumbar
stabilization exercises, were assessed in the current
study. The study objective was to examine the effect
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of each exercise on the muscular activity of the cervical spine and on sensory nerve function
(quantitatively). The findings were statistically significant regarding changes in muscular activity between the groups. The muscular activity of the sternocleidomastoid muscle increased by 10.17 μV and 3.92
μV in the cervical and lumbar stabilization exercise
groups, respectively. Muscular activity in the scalene
muscle also increased by 5.98 μV in the cervical stabilization exercise group, but decreased by 1.28 μV in
the lumbar stabilization exercise group, i.e., a significant change was observed following the
intervention. This finding was consistent with that in
34)
the study by Jull et al, in which the application of
neck flexor strengthening exercises in patients with
neck pain was also shown to result in an increase in
sternocleidomastoid and anterior scalene muscular
35)
activity. Davies
reported that sternocleidomastoid
and scalene muscle-related activity in the temporomandibular joint increased significantly during masticatory movement; consistent with the findings of our
study.
Changes in quantitative sensory testing
The findings were also statistically significant regarding
changes in quantitative sensory testing (determined
quantitatively). The CST increased by 2 ℃ and 0° C,
the WST decreased by 5° C and 3° C, the CPT increased by 8° C and 4° C, and the HPT decreased by
3° C and 2° C, in the cervical lumbar stabilization exercise groups, respectively. These findings were all
statistically significant. These results were consistent
with those of Johnston,36) who reported a significant
change in the CST and WST in office workers follow37)
ing cervical stabilization exercises. Chien
applied
cervical stabilization exercises to patients with neck
pain due to whiplash injury. Significant changes in the
CPT and HPT were reported; similar to our study
finding. The results of the current study were also
partially consistent with those reported by Celenay et
38)
al , i.e., of a significant change in cervical pain in
patients with neck pain following cervical and scapulothoracic stabilization exercises with and without
connective tissue massage.

The use of cervical and lumbar stabilization exercises in patients with neck pain over four weeks in
the current study resulted in a significant increase in
sternocleidomastoid and anterior scalene muscle-related activity, an increase in the CST and CPT, and a
significant decrease in the WST and HPT, following
the intervention. This indicates that cervical stabilization exercises and lumbar stabilization exercises improved the activity and contraction of the muscles involved in ensuring cervical spine stability, thus exerting a positive influence on the ability to experience
thermal sensation, i.e., thereby enabling a quantitative
assessment of neuropathic pain. Thus, the combined
use of cervical and lumbar stabilization exercises is
recommended as an exercise program for patients
with neck pain seeking an improvement in cervical
spine stability.

V. Conclusion
The effect of a combination of cervical and lumbar
stabilization exercises over a four-week period on
changes in muscular activity and QST in the cervical
spine was evaluated in the current study. Thus,
changes in the muscular activity of the sternocleidomastoid and anterior scalene muscles, as well as in
the CST, WST, CPT, and HPT of patients with neck
pain, was measured before and after the intervention.
A statistically significant increase and decrease was observed regarding changes in the CST and CPT, and in
the WST and HPT, respectively.
Thus, the use of cervical and lumbar stabilization
exercises improved the activity and contraction of the
muscles involved in cervical spine stability in the
study participants, thereby positively influencing the
ability to experience thermal sensation and enabling
the quantitative assessment of neuropathic pain. In addition to cervical stabilization exercises, lumbar stabilization exercises should be considered as an exercise
program for patients with neck pain, with the objective of improving cervical spine stability.
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