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Background: Neck pain is a common problem in the general population and second only to low back pain in
musculoskeletal problems. The aim of this study is to compare three different types of exercise training in patients
with chronic neck pain.

Methods: This study was conducted on 45 patients with neck pain. Patients were divided into 3 groups: Group
1 (conventional treatment), Group 2 (conventional treatment plus deep cervical flexor training), and Group 3
(conventional treatment plus stabilization of the neck and core region). The exercise programs were applied for four
weeks, three days a week. The demographic data, pain intensity (verbal numeric pain scale), posture (Reedco’s
posture scale), cervical range of motion ([ROM] goniometer), and disability (Neck Disability Index [NDI]) were
evaluated.

Results: In all groups, a significant improvement was found in terms of pain, posture, ROM, and NDI values in all
groups (P < 0.001). Between the groups, analyses showed that the pain and posture improved more in Group 3,
while the ROM and NDI improved more in Group 2.

Conclusions: In addition to conventional treatment, applying core stabilization exercises or deep cervical flexor
muscle training to patients with neck pain may be more effective in reducing pain and disability and increasing ROM
than conventional treatment alone.
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INTRODUCTION

Neck pain is a frequently observed problem in the broad
population and is the second most frequently seen mus-
culoskeletal problem [1]. Symptoms of chronic neck pain
occur on palpation of that area and a feeling of hyperal-

gesia against muscles and ligaments during active or pas-
sive movement. If there is no specific pathology and the
intensity of pain can be increased with provocative stim-
uli, it can be called mechanical neck pain [2]. Chronic
neck pain has the potential to change the cervical region
biomechanics by adversely affecting the muscle imbal-
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ance and head-neck posture [3,4]. Forward head posture
problems are commonly seen in persons with neck pain
[4,5]. According to previous studies, it has been proven
that an average of 60% of patients with neck pain have a
forward head posture [3]. Previous studies have indicated
that patients suffering from neck pain have decreased
endurance in their deep cervical flexor muscles such as
the longus colli and longus capitis. The deep cervical
flexor muscles provide postural endurance support, and
it is known that activation of these muscles is impaired
in people with neck pain. Moreover, it has been observed
that performance of the clinical cranio-cervical flexion
test reduces the symptoms of patients with neck pain.
Since training the deep cervical flexor muscles increases
deep cervical flexor muscles activation, it can improve
the ability of the cervical spine to maintain its neutral
posture [6]. The deep cervical flexor muscles support the
cervical lordosis and are an important stabilizer of the
head and neck posture. In individuals with mechanical
neck pain, there is a decrease in muscle activation of the
deep cervical stabilizer muscles. This causes superficial
muscles such as the trapezius muscle to undertake pos-
tural functions and increase the load on these muscles.
When the performance of these muscles’ decreases, it
means that the balance between the stabilizing muscles
in posterior of the neck is disturbed. The deep cervical
flexor muscles can deteriorate and cause a loss of proper
posture, contributing to cervical impairment. Therefore,
deep cervical flexor training is suggested to increase the
endurance of these postural muscles, and this results in a
reduction in symptoms of neck pain. Research shows that
motor control training of the deep cervical flexor muscles
before strengthening the global cervical muscles is more
efficient in neck pain rehabilitation [7].

The aim of this research was to compare conventional
therapy, the cervical stabilization exercise approach, and
core stabilization exercise in addition to the cervical sta-
bilization in patients suffering from chronic neck pain.

MATERIALS AND METHODS

1. Study design

In order to conduct this study, approval was received
from the Research Ethics Committee of Yeditepe Uni-
versity (Number: 11.07.2019-1071). An informed written
consent form was obtained from the volunteers before
any participation in the experiment. This study was reg-
istered in ClinicalTrials.gov (CT number: NCT05488756),

and the study was conducted in accordance with the Hel-
sinki Declaration.

We calculated the sample size with the G*power soft-
ware version 3.1.9.6 (Heinrich-Heine-Universitét). The
authors chose F tests and “ANOVA: repeated measures,
within factors” with assuming a 0.25 effect size (f), 90%
power, and 0.05 significance level. Forty-five participants
were found, for total minimal sample (15 for every group).
An additional participant was added to each group as a
safeguard against the possibility of drop out. So, finally, a
total of 48 participants were included in the study.

2. Participants

Volunteer participants who had been diagnosed with me-
chanical neck pain were referred to the physical therapy
and rehabilitation clinic of the university by a specialist
at Pendik Regional Hospital. The inclusion criteria were
as follows: (1) having chronic neck pain more than 3
months; (2) ages between 25 and 60 years; and (3) being
medically stable. The exclusion criteria were as follows:
(1) patients with benign or tumors in the cervical region;
(2) having active, localized osseous and discal infection
in the spine (spondylodiscitis) and a history of spinal
fractures; (3) having a congenital anomaly; (4) patients
with neck surgery and spinal instability; and (5) patients
receiving injections or other interventions in last year for
his/her neck. At baseline, 48 eligible cases were evalu-
ated, and then divided into 3 groups by randomization:
Group 1 (conventional treatment), Group 2 (conventional
treatment plus deep cervical flexor training), and Group 3
(conventional treatment plus stabilization of the neck and
core region). After three dropouts, 45 subjects completed
the study. The participants were re-evaluated at the end
of the 4-week treatment period (Fig. 1). The treatment
programs of the patients were applied under the supervi-
sion of an experienced physiotherapist for four weeks,
three days a week.

3. Outcome measures

Assessments were done twice. One was at baseline, a day
before the first treatment session, and the second was a
day after the last day of the 4-week treatment program.
Evaluations and appointments for treatment sessions
were given according to the patients' availability.

1) Demographic characteristics of participants

Gender, age, and body mass index (BMI) of the partici-
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pants were recorded on a form prepared by researchers.
BMI was calculated twice, before and after the 4-week
treatment.

2) Primary outcome measure: pain intensity
assessment

Pain intensity was measured via an 11-point verbal
numeric pain scale (VNPS) (0-10; 0 means no pain; 10
means worst pain). VNPS is a reliable and valid measure
for subjective pain measurement. Participants were asked
to report the pain severity at that moment on a scale from
0to 10[8,9].

3) Secondary outcome measures
(1) Posture evaluation

Reedco’s posture score (REEDCO, 1974) was assessed vi-
sually on 10 postural traits. The value of 0 equals signifies
poor posture or severe deviation, a value of 5 showed fair
posture or minimal to moderate deviation, and a value of
10 showed good posture or normal alignment.

While 100 points claimed good posture and a score of
59% or less is showed as postural dysfunction [10].

(2) Evaluation of cervical range of motion (ROM)

Cervical ROM was evaluated using a goniometer while
the patient was sitting on a chair with both feet on the

244 https://doi.org/10.3344/kjp.22371

ground. After the goniometer was brought to the neutral
position, the patient was asked to perform the desired
movement with the head: flexion, extension, right and left
lateral flexion, and right and left rotation. A degree was
recorded for each neck motion and used in the average
analysis [11].

(3) Disability evaluation

The Neck Disability Index (NDI) was used to assess the
disability due to neck pain during daily activities. The
form contains 10 questions related to pain, lifting, and
different activities. The score of each question is 0-5 ac-
cording to the options and the total score is recorded by
adding the scores of all the answers. The lower the total
score, the less the effect of pain on the performance of
daily activities. The higher the score, the greater the per-
formance of daily activities is affected [12].

4. Treatment programs

A standardized therapy as conventional treatment was
given in all groups. The group that received conventional
treatment alone, was accepted as a control group. The
patients were treated under the supervision of an experi-
enced physiotherapist, three times a week for four weeks.
Each exercise program lasted an average of 30 minutes.
Although questions were asked about possible side ef-
fects by the physiotherapist during each therapy session,
no side effects of exercises were reported by the subjects.
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5. Conventional treatment

The conventional treatment included electrotherapy
agents (transcutaneous electrical nerve stimulation
[TENS], ultrasound, and hot packs) and isometric exer-
cise training. TENS was applied for 20 minutes with an
intensity of 10-30 mA and a frequency of 80 Hz with a
TENS device (Sonopuls 492, Enraf-Nonius). A couple of
surface electrodes were placed over the painful area in
the neck. The intensity of the TENS was adjusted accord-
ing to the sensory threshold of the patient so that it would
not be disturbed by the tingling sensation. After TENS,
continuous ultrasound was applied to the neck area to
produce thermal effects at a density of 1.5 W/cm® for 5
minutes. At least, a hot pack applied the neck area for 10
minutes. Isometric exercises were done for flexors, exten-
sors, rotators, and lateral flexors of the neck. The patient
was asked to isometrically contract his working muscle
for 5 seconds against his own hand, which was placed in
compliance with the working muscles, with a total of 10
repetitions. All patients in each group were given conven-
tional treatment.

6. Deep cervical flexor muscle training

Cranio-cervical flexor muscle training focuses on the
deep flexor muscles such as longus capitis and longus
colli muscles, which flex the neck, not the head. Also,
these low-load exercises train the deep cervical flexors
more specifically, rather than all the neck flexors involved
in the head-lifting exercise. Exercises were performed
with an air-filled pressure stabilizer (Stabilizer™; Chat-
tanooga Stabilizer Group Inc.) placed in the sub-occipital
region to monitor the flattening of the cervical lordosis
caused by the contraction of the longus colli muscle [6].
Group 2 was given deep cervical flexor muscle training
in addition to the conventional treatment. Cervical stabi-
lization exercises were started by teaching the patient to
contract the deep cervical flexors. After activation of these
muscles, the patient was asked to continue this move-
ment in each exercise and in every activity to achieve
automatic stabilization. The patients were hospitalized in
the supine hook position (without a pillow) to ensure the
neutral position of the neck. For cranio-cervical flexion
and mild axial extension, each patient was individually
treated with a slow, controlled head and upper cervi-
cal area flexion by bringing the chin closer to the chest
("yes" movement). Stabilizer™ was inflated to 20 mmHg.
Gradual training was given to increase the pressure value
between 20 and 30 mmHg by 2 mmHg. It was kept for 10

seconds at each pressure value (22, 24, 26, 28 mmHg) and
operated 10 times. Then, while providing motor control
with the pressurized stabilizer device, the arm is flexed 90
degrees. After training with visual feedback, the patient
is asked to slowly move his chin closer to his chest (chin-
tuck). In this exercise, the neck makes posterior tilt with-
out head flexion. After the motor control of the cervical
stabilization was achieved, training was continued gradu-
ally with prone, crawling, and limb movements while
crawling followed by overhead ball lifting movements
and scapular correction exercises (scapular mobilization
and shoulder rolls). These exercises were performed for
10 repetitions with 10 seconds of contraction and 5 sec-
onds of relaxation.

7. Core stabilization training

While core stabilization training control head position,
arms, and trunk segment related to the body’s base of
support, provide to stabilize the lumbopelvic region. All
the subjects in the third group had undergone 4 weeks
core stability training which comprises of exercises aimed
at increasing spinal stability. The Group 3 was given neck
and core stabilization exercises in addition to the conven-
tional treatment.

Core stabilization exercises were started by teach-
ing the patient the basic exercises with an air-inflated
pressure sensor Stabilizer'"'. While the patient is in the
supine position with the knees at a 90° flexion, the pres-
sure cuff was placed under the lumbar spine and inflated
to 40 mmHg. Exercises were started with a stabilizer to
activate the main muscles. The level at which the patient
can keep the pressure constant (stable pelvis) was deter-
mined while doing the exercises. The subjects were first
taught the "abdominal hollowing" (pulling the belly up
and in) exercise, which provides transversus abdominis
and multifidus co-contraction. After motor control of the
core stabilization, basic training was continued progres-
sively in the supine, prone, crawling and sitting positions
on the ball (straight leg raising, abdominal crunch exer-
cise, bridge exercises, swimming exercises, exercises in a
crawling position and limb movements in sitting position
and while sitting on the ball). These exercises were per-
formed for 10 repetitions with 10 seconds of contraction
and 5 seconds of relaxation.

8. Statistical analysis

SPSS 24.0 program (IBM Co.) was used for the statistical
analysis, and P < 0.05 was accepted as significant in all
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Table 1. Pre-treatment value of pain, posture, joint ROM and NDI measurements of the groups

Parameters Group 1 (n =15) Group 2 (n = 15) Group 3 (n = 15) P value
Age (yr) 38.73(26-59) + 12.3 42.27 (27-60) + 10.64 42.07(26-59) + 10.86 0.461
Gender

Female 10 (66.7) 8 (53.3) 9 (60.0) 0.762
Male 5 (33.3) 7 (46.7) 6 (40.0)
BMI (kg/m?) 23.4 (19.05-27.04) + 2.4 24.35 (19.47-28.58) + 2.66  24.76 (20.80-29.32) + 2.72 0.284
Pain (VNPS) 6.40 (5-8) + 1.056 6.80 (5-8) +1.01 6.67 (5-8) + 0.97 0.562
Posture 76.33 (65-90) + 6.93 76.00 (65-85) + 5.07 74.00 (65-80) + 5.07 0.496
ROM (degrees)
Flexion 40.67 (35-50) + 4.60 39.73 (35-45) + 3.36 39.73 (35-45) + 3.49 0.874
Extension 45.00 (40-50) + 3.46 42.27 (35-55) £ 5.67 42.33 (40-50) + 2.94 0.072
R Lat. flexion 34.67 (30-45) + 4.10 31.13 (27-35) £+ 2.94 32.47 (27-37) £+ 3.18 0.054
L Lat. flexion 35.33 (30-40) + 3.59 32.00 (27-37) + 3.29 33.13 (27-40) £ 3.70 0.081
R rotation 48.07 (40-55) +4.54 45.07 (35-56) + 5.16 45,13 (35-51) + 4.74 0.135
L rotation 48.60 (38-55) + 4.99 45.13 (37-56) + 4.96 46.13 (37-52) + 4.43 0.090
NDI 27.27 (16-34) + 5.36 30.00 (23-34) £ 3.60 28.67 (23-34) £ 3.47 0.312

Values are presented as mean (min-max) + standard deviation or number (%).

Min: minimum, Max: maximum, BMI: body mass index, VNPS: verbal numeric pain scale, ROM: range of motion, R: right, L: left, Lat: lateral, NDI: Neck
Disability Index, Group 1: conventional treatment, Group 2: conventional treatment plus deep cervical flexor training, Group 3: conventional treatment

plus stabilization of the neck and core regjon.

analyzes. Whether the data were convenient for normal
distribution was determined by the Kolmogorov-Smirnov
test. According to analysis of the results of this test, non-
parametric tests were used in the analysis. In the statisti-
cal analysis of the study, the variables considered were
defined with mean (min-max), standard deviation, mini-
mum, and maximum values.

The baseline variables of all three groups were com-
pared with the chi-squared (categorical variables) and
Kruskal-Wallis (continuous variables) tests. The Mann-
Whitney U-test was used to analyze the difference of the
continuous variables between groups. The pre- and post-
treatment values of the groups were compared with the
Wilcoxon test. The effect sizes were calculated for the
intragroup changes with a formula as follows: Effect size
= the difference of the pre-post assessments / standard
deviation of the first assessment. An effect size of 0.2-0.5
was interpreted as “small’; 0.51-0.80 as “medium’, and
0.81 and above as “large” [13]. Effect sizes were calcu-
lated for significant variables. Also, pre- to post-treatment
changes were compared between groups with the Krus-
kal-Wallis test, and significant values were analyzed with
the Mann-Whitney U-test for pair group comparison.
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RESULTS

The baseline demographic characteristics (age, gender,
BMI) and assessment results (VNPS, ROM, and NDI) of
the groups are shown in Table 1. There was no statistical
difference between the groups for baseline assessments.

The comparison of pain, posture, ROM, and NDI values
of the patients within the groups are shown in Table 2. In
all groups, a significant improvement was found in pain,
posture, ROM, and NDI values for the in-group evalua-
tion results (P < 0.001).

There was significant improvement for the differences
of pain, NYPS, ROM, and NDI parameters between the
groups. The comparison of changes is shown in Table 3.
When the source of the difference between the groups
was analyzed, statistical significance was recorded be-
tween Group 1 and Group 2 in all parameters, between
Groups 1 and Group 3 in all parameters except cervical
extension and lateral flexion ROM, but no significance
was recorded between Groups 2 and Group 3. The P val-
ues of the pair group analysis for the significant values are
also shown in Table 3.

DISCUSSION

The aim of this research was to compare the three differ-



Different exercise training in chronic neck pain

KJP

Table 2. Comparison of within-group pain, posture, ROM, and NDI values

Parameters Groups Pre-treatment Post-4 week treatment P value
Pain (VNPS) Group 1 6.40 (5-8) + 1.05 3.47 (2-5) + 1.06 <0.001
Group 2 6.80 (8-5) + 1.01 2.87 (2-4)+£0.74 <0.001
Group 3 6.67 (5-8) £ 0.97 2.53(1-4)+0.74 <0.001
Posture Group 1 76.33 (65-90) + 6.93 80.00 (70-90) + 5.35 <0.001
Group 2 76.00 (65-85) + 5.07 84.33 (80-90) + 2.58 <0.001
Group 3 74.00 (65-80) + 5.07 84.00 (80-90) + 2.80 <0.001

ROM (degrees)
Flexion Group 1 40.67 (35-50) £ 4.60 43.93 (38-50) + 4.60 < 0.001
Group 2 39.73 (35-45) + 3.36 46.20 (42-50) + 2.88 <0.001
Group 3 39.73 (35-45) + 3.49 44,93 (40-50) + 3.26 <0.001
Extension Group 1 45.00 (40-50) + 3.46 48.20 (45-57) £ 3.82 <0.001
Group 2 42.27 (35-55) + 5.67 48.93 (42-57) + 4.41 <0.001
Group 3 42.33 (40-50) £ 2.94 47.73 (45-57) + 3.51 <0.001
R Lat. flexion Group 1 34.67 (30-45) £ 4.10 37.40 (35-45) + 3.15 <0.001
Group 2 31.13 (27-35) + 2.94 36.73 (35-42) + 2.43 <0.001
Group 3 32.47 (27-37) + 3.18 37.27 (35-42) £ 2.52 <0.001
L Lat. flexion Group 1 35.33 (30-40) + 3.59 37.93 (35-45) + 3.15 <0.001
Group 2 32.00 (27-37) + 3.29 37.00 (33-42) + 2.67 <0.001
Group 3 33.13 (27-40) £ 3.70 37.67 (34-42)+ 2.71 <0.001
R rotation Group 1 48.07 (40-55) + 4.54 51.33 (40-57) £ 4.90 <0.001
Group 2 45.07 (35-56) + 5.16 50.47 (45-60) = 4.10 <0.001
Group 3 45.13 (35-51) + 4.74 50.27 (45-55) + 3.73 <0.001
L rotation Group 1 48.60 (38-55) + 4.99 51.13 (40-57) £+ 4.77 <0.001
Group 2 45.13 (37-56) + 4.96 51.27 (44-61) + 4.38 <0.001
Group 3 46.13 (37-52) + 4.43 51.07 (44-57) + 4.25 <0.001
NDI Group 1 27.27 (16-34) + 5.36 18.27 (10-26) + 4.69 <0.001
Group 2 30.00 (23-34) + 14.53 (11-24) + 3.15 <0.001
Group 3 28.67 (23-34) + 13.40 (10-18) + <0.001

Values are presented as mean (min-max) + standard deviation.
Min: minimum, Max: maximum, VNPS: verbal numeric pain scale, ROM: range of motion, R: right, L: left, Lat: lateral, NDI: Neck Disability Index, Group
1: conventional treatment, Group 2: conventional treatment plus deep cervical flexor training, Group 3: conventional treatment plus stabilization of the

neck and core regjon.

ent treatment programs including conventional therapy,
deep cervical flexor muscle training, and cervical-core
stabilization exercises in the patients suffering from
chronic neck pain. A significant improvement was found
in pain, posture, ROM, and NDI variables in all groups.
The change after 4 weeks of treatment was higher in
Group 2 and Group 3 compared to Group 1. However,
there was no significant difference between Group 1 and
Group 3 in terms of extension and lateral flexion.

The demographic characteristics of the groups (age,
gender, BMI) were recorded. There was no significant
difference between the groups in terms of demographic
characteristics. McLean et al. [14] stated in their study

that there was a higher incidence of neck pain is in
women. It was thought that this may have been due to
the lower neck muscle strength and endurance in women
compared to men. It was shown that the prevalence of
neck pain is greater in those over 40 [14]. The average
age of the individuals participating in the present study
was between 38 in Group 1 and 42 in Group 2 and Group
3. The findings in this study are consistent with the lit-
erature in terms of age range. It was observed that more
female patients participated (27 female, 18 male).

In a study conducted by Gupta et al. [15] of 30 dentists
with chronic neck pain, deep neck flexor training was
given to one group, while isometric exercises were given
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Table 3. Comparison of group differences in pre- and post-4-week treatment change scores for pain, posture, ROM, and NDI

Parameters Group 1 A Group 2 A Group 3 A P value® Groups P value®
Pain (VNPS) -2.93 +£0.46 -3.93+0.79 -4.13 +0.83 < 0.001*** 1-2 < 0.001***
1-3 < 0.001***
2-3 0.567
Posture 3.66 +4.41 8.33+4.87 10.33 £ 4.80 < 0.001*** 1-2 0.019*
1-3 0.002*
2-3 0.389
ROM (degrees)
Flexion 3.26 +1.83 6.46 + 1.50 5.20+2.14 < 0.001*** 1-2 < 0.001***
1-3 0.013*
2-3 0.081
Extension 3.20+2.42 6.66 + 2.76 5.40+2.69 < 0.001*** 1-2 0.002*
1-3 0.056
2-3 0.174
R Lat. flexion 2.73+1.70 5.60 + 1.50 4.80+1.89 < 0.001*** 1-2 < 0.001***
1-3 0.011*
2-3 0.267
L Lat. flexion 2.60 + 2.35 5.00 + 2.03 4.53+2.38 0.048* 1-2 0.023*
1-3 0.067
2-3 0.775
R rotation 3.26 +2.05 5.40 £ 1.95 5.13+2.26 0.035%* 1-2 0.021~*
1-3 0.037*
2-3 0.935
L rotation 2.53 +£1.99 6.13 + 1.35 4.93+2.46 < 0.001*** 1-2 < 0.001***
1-3 0.007*
2-3 0.217
NDI -9.00+2.61 -1546+3.44 -15.26+3.10 < 0.001*** 1-2 < 0.001***
1-3 < 0.001***
2-3 0.935

Values are presented as mean + standard deviation.

VNPS: verbal numeric pain scale, ROM: range of motion, R: right, L: left, Lat: lateral, NDI: Neck Disability Index, A: difference between assessments,
Group 1: conventional treatment, Group 2: conventional treatment plus deep cervical flexor training, Group 3: conventional treatment plus stabilization

of the neck and core regjon.
®Kruskal-Wallis test, "Mann-Whitney U-test.
*P < 0.05, ***P < 0.001.

to the other group. At the end of 4 weeks, the NDI for
pain and digital photography for the anterior head posi-
tion were evaluated. Although pain and functionality
decreased in both groups, posture improved only in the
deep neck flexor group. As a result, deep neck flexor train-
ing gives more effective results in people with anterior
head position [15]. In the present study, deep neck flexor
muscle training was more likely to reduce pain compared
to the isometric exercise group. However, in the other
group, additionally applied core stabilization exercises
were found to be more influential in decreasing pain.

The literature has shown that pressurized biofeedback
is effective in treating neck pain. Karthi et al. [16] con-
cluded that endurance exercises with pressure feedback
for deep cervical flexor muscles in mechanical neck pain
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was significantly effective in reducing pain compared to
deep cervical flexor exercises with visual biofeedback.
Lwin et al. [17] conducted a study of 60 people having
neck pain randomly divided into 2 groups, experimental
and control. While the experimental group received pres-
sure-biofeedback guided cranio-cervical flexion exercise
four times per week for four weeks, the control group
received electrotherapy agents (TENS and radiant heat).
Visual analogue scale (VAS) and NDI were included. The
demographics and outcome measurements, as initial as-
sessments, were not significantly different between the
two groups. A more significant reduction in VAS scores
was found in the experimental group in comparison with
the control group at week 2 and week 4. There was a more
significant reduction in the NDI scores in the experimen-



Different exercise training in chronic neck pain

KJP

tal group than the control group at week 4. The pressure-
biofeedback guided cranio-cervical flexion exercise found
useful for improving pain and functional disability on
neck pain [17]. In the present study, the group in which
the exercises were performed with a stabilizer was found
to have better results than the conventional group.

Kim and Kwag [18] reported that 28 people with chronic
neck pain were studied in the general strengthening exer-
cise group and the deep cervical flexor muscle activation
group. NDI and numeric rating scale (NRS) scores were
determined and radiological assessment of neck and
shoulder postures, neck flexion angle, and forward shoul-
der angle were evaluated before treatment. Exercises us-
ing deep cervical flexor muscle activation were effective
to decrease pain, improve neck functions, and maintain
correction of head position in patients having neck pain.
The deep cervical flexor muscle activation exercises sig-
nificantly decreased the NRS scores after exercise accord-
ing to the general strengthening exercise group [18]. In
the present study, the pain was significantly reduced after
neck stabilization exercises with core stabilization after
deep cervical flexor muscle exercises.

Shah et al. [19] studied 30 patients with chronic cases
of non-specific neck pain between the ages of 18 and
40 years. Patients were randomly divided into 2 groups.
Group A (conventional therapy + core stability exercises
group) included 15 patients and Group B (conventional
therapy group) included 15 patients. Exercise therapy
was applied for 1 month. Results showed that there was a
significant difference in VAS scores and deep neck flexor
strength between Group A and Group B. Stability exer-
cises applied in addition to conventional physiotherapy
was found to be more effective in patients with chronic
non-specific neck pain [19]. In the present study, the im-
provement in the group with core stabilization exercises
was the highest, indicating that it showed similar charac-
teristics with this study.

Igbal et al. [7] divided the patients into two groups in
their study with 30 teachers aged 25 to 45 years. The ex-
perimental group received deep cervical flexor muscles
training with pressure biofeedback and conventional
exercises (stretching and strengthening exercises). The
control group received deep cervical flexor muscles
training with only conventional exercises. Pain status
was assessed using an NRS and functional disability was
assessed using the NDI. In this 4-week study, there was
significant improvement in NRS and NDI scores in both
the groups and the results were better in the deep cervi-
cal flexor group. The addition of pressure biofeedback for
deep cervical flexor muscles training gave a better result

than conventional exercises alone [7].

The superiority of deep neck flexor exercise in pain
outcomes compared to isometric, stretching, and scapu-
lothoracic exercises was established in another random-
ized clinical trial [20]. In the present study, there was a
significant improvement in the group doing deep cervical
flexor training with biofeedback compared to those who
did isometric exercises. However, there is no significant
difference between the core exercise group and the deep
cervical flexor training group.

Kim et al. [21] studied 25 students who had forward
head postures that was caused by excessive use of smart-
phones. They were divided into a deep neck flexor train-
ing group and an extension-based Mackenzie exercise
group for four weeks. Their study examined NDI scores,
changes in the degree of respiratory function with the
device evaluating pulmonary volumes and ventilation,
and the test of deep cervical flexors with a biofeedback
unit after the treatment. Evaluation of forward vital ca-
pacity and the degree of breathing in expiratory volumes
resulted in no statistically significant changes in the pres-
sure biofeedback unit-based deep cervical flexor training
exercise group and the McKenzie cervical exercise group.
However, it revealed statistically significant changes in
NDI scores in both groups [21]. In the present study, the
cervical stabilization exercise group proved more effec-
tive in improving the NDI scores compared to the con-
ventional treatment group. However, there is no signifi-
cant difference between the additional core stabilization
exercise group with cervical stabilization and the cervical
stabilization group.

In a study conducted by Kang [22], cervical ROM was
evaluated in 20 students after deep cervical flexor muscle
training with a pressure biofeedback device and conven-
tional deep cervical flexor training for six weeks. Cervical
ROM increased significantly in a group receiving deep
cervical flexor training compared to another group that
performed chin tucks, stretching, and ROM exercises. So,
deep cervical flexor training with a pressure biofeedback
device is an effective method for increasing neck move-
ment and muscular endurance in people with forward
head posture [22].

Lee and Shin [23] evaluated 44 patients suffering neck
pain divided into three groups: a neuromuscular control
exercise group (upper limb pattern rolling exercises), a
self-stretch group, and a neck stabilization exercise with
the pressure biofeedback device group. In comparison,
the neuromuscular control exercise group showed a sig-
nificant reduction in pain in comparison to the results of
the other two groups. However, there was no significant
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difference in ROM values of the groups after treatment
[23]. In the present study, ROM increased in all groups.
While there was a significant difference in all values
between Group 1 and Group 2, a significant difference
was found between Group 1 and Group 3 in all values
except neck extension and neck left lateral flexion. In the
comparison of these values, there was no significant dif-
ference between Group 2 and Group 3 in all parameters.
According to these results, adding cervical stabilization
exercises to classical neck pain treatment is important
for the development of ROM. However, the application of
core stabilization exercises did not affect the neck ROM.

Unlike the authors’ study, Raju et al. [24] divided seven-
ty patients with a diagnosis of chronic neck pain into two
groups. Deep neck flexor muscle training was performed
on a group with a pressurized biofeedback device. The
neck stabilization exercise group performed chin tucks
for deep cervical flexor muscles, cervical extensions,
shoulder shrugs, and shoulder rolls exercises to relieve
muscle tension. As a result of the 4-week study, VAS, ND],
and muscle test scores were improved effectively in both
groups [24]. In the present study, the group was given a
combination of deep neck flexor muscle group exercises
and neck stabilization exercises. Compared to the con-
ventional exercise group, this approach is more signifi-
cant in all parameters of the treatment.

Since neck pain is a chronic condition, it is important
that treatment methods applied to patients improve long-
term pain and disability. In the present study, long-term
follow-up evaluations could not be made due to the edu-
cation, work life, as well as socio-cultural and economic
conditions of the patients. Therefore, in addition to these
exercises, it is beneficial to conduct future studies to
investigate and compare the long-term effects of neck
stabilization exercises and core stabilization exercises,
and to determine effective treatment approaches in phys-
iotherapy and rehabilitation science.

A long-term exercise program should be given to see
the effectiveness of exercise therapy. In this study, the
treatment program was applied to patients for 4 weeks,
3 days a week, for a total of 12 sessions. Significant im-
provements were observed in the patients during this
period as well.

The assessment of the patients had to be measured by
the specific head posture rather than assessing the gener-
al posture with Reedco’s posture scale. This can be evalu-
ated with objective neck posture-specific methods. If this
assessment could be made, the effect of stabilization ex-
ercises on the region could be better demonstrated, espe-
cially due to the relationship between the forward head
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posture and decreased deep cervical muscle strength.
In the present study, the postural changes which were
evaluated were limited, and the cervical region muscle
strength was not evaluated.

The effectiveness of the three treatment programs was
not compared with a control group that received no treat-
ment. A non-treatment group could not be created be-
cause the patients who came to the clinic had pain.

Implementation of three different exercise programs
is one of the strengths of this study. In this way, the ef-
fectiveness of different exercise approaches were evalu-
ated with each other.Another strength of this study is
that significant improvements were also observed in the
patients, although patients went through a total of 12 ses-
sions: 4 weeks, 3 days a week.

It can be concluded that both deep cervical flexion
muscle training and cervical-core stabilization exercises
combined with conventional treatment may be more
effective for pain, posture, ROM and disability than the
conventional therapy alone.

The authors suggest that the combined use of both
deep flexor muscle trainings and stabilization exercises
clinically may provide good long-term results in patients
with neck pain. The effects of both treatment methods,
which were observed to have similar effects in this study,
can be better demonstrated in future studies with long-
term follow-up.
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