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ABSTRACT 
 
The objective of this study was to investigate and to determine the effectiveness of specific Stability Exercises (SE)on 
the muscles of the neck in comparison with Proprioceptive Neuromuscular Facilitation exercises (PNFE) in the 
cross-sectional area of deep cervical flexor muscles and to examine the improvement of disability and pain in 
patients with chronic neck pain. This randomized controlled clinical trial was conducted on 44 patients with chronic 
neck pain in 2016. The patients were randomly divided into two SE and (PNFE) groups (each containing 22 
subjects). The pain of patients was assessed using VisualAnalogScale(VAS) questionnaire(VAS) and the disability 
was assessed using Neck Disability Index(NDI)questionnaire, and cross-sectional area of deep cervical flexor 
muscles in the right side was assessed using ultrasonography before treatment training and 8 weeks after the start of 
training. Treatment program for both groups was 8 weeks (6 sessions per week and two sessions per day) with 
repetition of specified trainings.  Variance analysis, independent t-test, and paired t-test were used to compare 
results before and after treatment between groups and within groups . The mean pain score in both SE (P<0.001) 
and PNFE (P<0.001) groups was declined. Mean NDI in both SE (P<0.001) and PNFE (P<0.001) groups showed a 
significant decrease. The mean cross-sectional area of deep cervical flexor muscles of patients in SE group and 
PNFE group increased while the increase in PNFE group (P=0.09) was not significant but in SE group was 
statistically significant (P=0.008).This study revealed that both methods of SE and PNFE in patients with chronic 
neck pain reduced pain and disability, but SE had better effects. Although cross-sectional area of deep cervical 
flexor muscles increased in both treatment groups, but the increase in cross-sectional area of deep flexor muscles in 
SE group was significant. 
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INTRODUCTION 
 

The pain felt in the area between the occiput condyles and the seventh cervical vertebra is called neck pain [1]. Neck 
pain experienced for three months or more is called chronic neck pain [2]. Neck pain is a common problem in 
society that almost 70 percent of people experience this pain during their life [3]. Neck pain usually causes 
fundamental changes in everyday life. Hence, various treatments are required to decrease this pain [4-6]. For this 
reason, understanding structures effective in the creation of pain and disability has been important to improve 
functional status and quality of life of patients in past few decades [7, 8]. 
 
Recent researches have emphasized the importance of deep cervical flexor muscles like longus colli and longus 
capitis in stabilization and controlling cervical vertebrae [9]. Several studies have reported a reduction in endurance 
and strength of deep cervical flexor muscles in patients with chronic neck pain [10]. Certain muscles become weak 
in patients with chronic neck pain, which the most common weak muscles are anterior and deep cervical flexor 
muscles [8, 10-12]. Deep cervical flexor muscle weakness in patients with neck pain is followed by a reduction in 
the size and thickness of muscle [13]. Falla et al found that neck pain patients often suffer from impaired longus 
colli muscles and the function of deep cervical flexor muscle is reduced in patients with chronic neck pain [14].  
This reduction in function and activity of deep cervical flexor muscles causes changes in size and cross-sectional 
area of the muscle, and change in the size of muscle is followed by a change in its function [13]. To restore power, 
flexibility, and strength of muscle and ability to perform daily activities, therapeutic training is one of the most 
common methods used in rehabilitation for patients with neck pain [4].  
 
Therapeutic training programs vary for the management of neck pains depending on the duration, intensity, and type 
of training [15].  Some studies have shown that isometric and strength exercises have a positive effect on reducing 
neck pain [16, 17]. Cervical stabilization exercises have been introduced as a rehabilitation program to reduce pain, 
increase activity, and prevent re-injury [18-20]. Stabilization exercises activate deep muscles. In addition, these 
exercises support and control joints of spine leading to reduced pain, reduced recurrence and prevent its chronicity 
[21].  Another training that is used to deal with neck pain is proprioceptive neuromuscular facilitation exercises, 
which include several movement patterns to facilitate and correct the movement commands through receiving the 
message of proprioceptive receptors in muscles. Correction of disrupted patterns causes order and facilitates the 
transfer of proprioception and correction of muscles and joints status [22]. In a study conducted in this regard, it was 
found that neck muscle training using proprioceptive neuromuscular facilitation technique provided beneficial 
results in reducing pain and increasing neck muscle strength compared to traditional treatment in patients with 
chronic neck pain [23].In previous years, measuring of anterior and posterior neck muscles by using Ultra 
Sonography [US] technique has been the main subject of many studies [24, 25]. The cross-sectionalarea of deep 
neck flexor muscles can determine the function of the muscle [26]. Investigating the size and thickness of muscle by 
US is an observable assessment to examine atrophy or hypertrophy of the muscle. In addition, the muscle 
performance can be assessed with US [26, 27]. 
 
On the other hand, investigation and comparison of stabilization exercises and proprioceptive neuromuscular 
facilitation exercises on the thickness of the deep cervical flexor muscles have not been investigated so far. 
Therefore, US was used to measure and assess the cross-sectional area of deep cervical flexor muscles to determine 
the effect of these exercises on the cross-sectional area of deep cervical flexor muscles. Ultrasonography is a proven 
method to measure the thickness of the muscle. In addition, US is a non-invasive method with easy access and 
acceptable repeatability to assess deep muscles. Ultrasonography has been used in the assessment of lumbar 
musclesa lot, but it has been used less in the evaluation of neck [28]. Ultrasonography can help physiotherapists in 
the assessment and treatment [24]. We also used US to measure the cross-sectional area of deep flexor muscles and 
to determine the effect of SE and PNFE on these muscles.  
 

MATERIALS AND METHODS 
 

In this single-blind randomized clinical trial study, 44 patients with chronic neck pain at the age range of 22 to 32 
years, who referred to physical therapy clinics affiliated to University of Social Welfare and Rehabilitation sciences, 
were randomly selected and they were assigned into two groups (each containing 22 subjects). There were 21 
females and 1 male in each group. The first group patients were treated using specific neck stabilization exercises, 
and the patients of the second group were treated using specific proprioceptive neuromuscular facilitation exercises. 
Patients were unaware of the theory of study and they were informed that the objective of the study was to 
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determine the difference between these two exercises on the patients with chronic neck pain. The sample size was 
determined for each group based on a pilot study with the reliability of 95% and test power of 90%. Inclusion 
criteria of the study included age between 22 to 32 years, neck pain for which doctor has not mentioned certain 
reason and the pain continued for 12 weeks and more.  Patients with protrusion or prolapsed disc along with 
neurological symptoms, spinal surgery, and certain structural damage in the neck, rheumatic diseases, inflammatory 
and autoimmune diseases, compressive fractures caused by osteoporosis, spinal stenosis, rheumatoid arthritis, 
mental illnesses, and pregnant patients were excluded from the study. In addition, patients underwent physiotherapy 
and therapeutic exercises due to pain in neck and shoulder were also excluded from the study.  
 
Then, patients completed consent form for participation in the study and general questionnaire forbasic information. 
Patients recorded the levelof neck pain in Visual Analog Scale questionnaire. This scale is sensitive to pain and the 
information obtained from this questionnaire is valid and reliable (29). Neck Disability Index questionnaire was 
used to obtain neck disability level of patients. The score zero in this questionnaire indicates a lack of problem and 
as this score goes up, it indicates an increase in disability level. It is a valid criterion and has acceptable reliability 
(30). To measure the cross-sectional area of deep neck flexor muscles, ultrasonic ultrasonography device (model S-
500 made in Canada) was used. The patients were asked to sleep in supineposition on the bed and put both hands to 
the sides of the abdomen. Head and neck were placed in neutral and relaxed state and to ensure relaxation of the 
head and neck, the pressure 20 mm Hg was kept during the measurement by using pressure biofeedback device. This 
situation was kept during the measurement period and the pressure level was continuously checked by pressure 
biofeedback device to ensure lack of moving the patient's head and neck. The body of fifth cervical vertebra parallel 
with hyoid bone was determined with hand and the first transverse line was drawn above it on the right side.  
Cricoid cartilage arch was drawn as the second transverse line on the right side and scanning was performed 
between these two lines.  To ensure the accuracy of measuring the deep flexor muscles, the patient was asked to 
contract the muscles. Linear probe perpendicular to long axis of muscle moves from the mid line to outside and 
cross-sectional area of the muscles is measured.  The treatment program in both groups was 8 weeks and treatment 
training in both groups started after measuring the cross-sectional area of muscle and completing VAS and NDI 
questionnaires.  
 
Stabilization exercise group: seven neck stabilization exercises were used in this study based on existing attitudes 
(16, 31). These trainings strengthen the muscles around the neck, especially deep flexor muscles (32-34). The first 
exercise was performed to activate inferior scapular stabilizers. The second, the third, and the fourth exercises were 
provided for patients for synchronized contraction of flexors and extensors muscles at the minimal load in the prone 
position. The fifthexercise was performed to use and strengthen the deep cervical flexor muscles. This exercise is 
Cranio Cervical Flexion (CCF)exercise provided for patients to improve tonic capacity and performance and to 
maintain posture of deep cervical flexor muscles (35).In SE group, pressure biofeedback device was used to evaluate 
the performance of the deep flexor muscles. Being sure that the patient performs the exercise properly, sixth and 
seventh trainings were provided for patients to increase coordination between the flexor and extensor muscles of the 
neck. 
The procedure of training the exercises was so that patient performed the first to fourth exercise with a minimum 
craniocervical flexion exercise (biofeedback pressure was 20 mm Hg) in the first week, feedback pressure 22 mm 
Hg in the second week, and feedback pressure 24 mm Hg pressure in the third week.  The increase of feedback 
pressure was 2 mm Hg per week and this procedure was continued up to sixth week when the pressure reached to 30 
mm Hg. In the seventh and eighth weeks, sixth and seventh exercises were given for patients. At the end of eighth 
weeks, the final assessment was carried out. 
 
SE group program consists of 8 weeks, 6 times a week, two times a day, 10 repetitions each time. Each exercise was 
performed for 10 seconds and 10 seconds rest was given for patients between each repetition. PNFE group program 
was so that the patient was lying on his back while his head and neck were out of bed. Then, he was performing the 
movement pattern of the upper limbs including flexion, adduction, internal rotation of the shoulder joint and upper 
limb simultaneously with movements of head and neck bending forward and rotation toward the same side. Then, 
patients performed the second pattern in the form of extension, abduction, internal rotation of the shoulder and upper 
limb along with extending the head and neck and rotation toward the opposite side for both right and left limbs. In 
performing upper limb movement patterns, patients were asked to follow the movement of the same hand side with 
his eyes (23).  The number of movements in each pattern was 10 times for both of upper limbs. Movement pattern 
was repeated 10 times in the first and second weeks, while it was increased to 12 repetitions in the third and fourth 
weeks, 14 repetitions in fifth and sixth weeks, 16 repetitions in seventh and eighth weeks. At the end of the eighth 
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week, the final assessment was conducted.  Proprioceptive neuromuscular facilitation group program consists of 8 
weeks, 6 times a week, two times a day, 10 repetitions in each time. Each exercise lasted 10 seconds and 10 seconds 
of rest was given for patients between each repetition. SPSS 23 software was used to analyze data. Variance analysis 
was used to analyze repeated data, to compare the two treatment methods, to compare two groups before and after 
the treatments, and to investigate their mutual effect.  To paired comparison before and after treatment, paired t-test 
was used and independent t test was used to compare two treatment methods in each of the measured times. The 
significant level of tests was determined 0.05.  
 
Findings  
Demographic characteristics of groups in the study and their comparison are shown in Table 1. According to the 
data presented in Table 1, the two groups were similar in terms of background variables and these variables could 
not affect the results of the study as confounding factors. 

 
Table 1: Mean ± SD of quantitative variables measured in the stability and proprioceptive neuromuscular facilitation exercise groups. 

 
Variable  Stabilization exercise group  Proprioceptive neuromuscular facilitation exercise group  P value 

Age (year)  2.42±26.09  2.84±26.09 P=0.96 
Height (cm)  5.63±162.27  7.51±161.68 P=0.76 
Weight (kg)  9.47±61.86  10.54±60.09 P=0.56 
BMI  2.80±23.42  2.43±22.87 P=0.49 
Pain severity when referring  1.47±6.90  1.22±6.45 P=0.37 

 
Intergroup comparisons for each group: the mean pain measured with VAS showed a significant decrease in both 
groups (p<0.001). NDI in both groups decreased significantly compared to before treatment (p<0.001) (Table 2). 
The cross-sectional area of deep flexor muscles in both treatment groups increased compared to before treatment, 
and this increase was statistically significant in SE group  (p<0.001), while it was not significant in PNFE group 
(p=0.09). 
 

Table 2: Comparison of data before and after treatment of pain, Neck Disability Index and the cross-sectional area of deep flexor 
muscles in both groups and comparing the results between the two groups after the treatment and the recovery rate between SE and 

PNFE groups. 
 

Variable  
 

Stabilization training group 
Mean ± SD  

Proprioceptive Neuromuscular Facilitation 
Exercise group 

Mean ± SD  

Comparing 
the results 

between the 
two groups   
(P value) 

Before 
treatment  

After 
treatment 

P value Before treatment  After treatment P value 

VAS  1.47± 6.90  1.15 ±1.09 0.001P˂ 1.22±6.54 1.18±2.04 0.001P˂ 0.26=P 
NDI 5.14±22  4.43±14.63 0.001P˂ 4.29±21.68 6.18±16.54 0.001P˂ 0.85=P 

Cross-sectional area of deep 
flexor muscles 

0.01±0.54  0.09±0.52  0.001P˂ 0.018±0.64 0.017±0.47 0.09=P 0.01P˂ 

 
Comparisons between groups: in terms of VAS and NDI, significant difference was not found between SE and 
PNFE groups, but significant differences were found between the two groups in terms of cross-sectional area of 
deep cervical flexor muscles. Stability exercises for patients with chronic neck pain were effective in increasing 
cross-sectional area of deep flexor muscles. Study reports are summarized in Table 2. 
 

DISCUSSION 
 

In 13% of cases, neck pains are chronic [36]. Deep flexor muscle weakness in patients with neck pain reduces their 
ability to control their vertebrae [14]. Additionally, the weakness of the flexor muscles increases superficial flexor 
muscle activity and causes forward head posture. In addition, disability and pain in the neck are due to reduced 
activity of deep flexor muscles [37]. To increase the activity of the deep flexor muscles and to reduce pain and 
disability in these patients, the best treatment is SE [11]. However, effect of stability exercises is still being 
investigated in the majority of studies. 
 
Jull et al showed the increased muscle activity of the cervical spine muscles after SE training, especially after CCF 
exercises in patients with cervico-genic headache [38]. However, Jull did not compare the effectiveness of these 
trainings with that of PNFE. As a result, we could not state that the effect of Jull’s exercises was better for patients 
with neck pain. In a study measured the cross-sectional areas of anterior and posterior muscles of the neck in healthy 
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people, it was found that there is a direct correlation between the cross-sectional area of longus Colli and cervical 
lordosis and it causes stabilization in the cervicalspine [39]. Asgari et al reported the cross-sectional area of longus 
muscles in patients with chronic neck pain in the stability group more than in the maximal isometric group [40]. 
This is in agreement with our study, in which the cross sectional area of longus muscles in the stability exercise 
group is greater. 
 
In the PNFE technique, exercises create neuromuscular reactions through proprioceptive receptors. The patterns of 
these types of training are in the form of rotational and multi-axial movements or in line with the axis of muscles 
[41]. These multi-axial movements are better than simple and single-axis movements [42]. In these studies, PNFE 
were used to increase the range of motion and muscles endurance [21, 41, and 42]. Rezasoltani showed that PNFE 
method is an effective method in reduction of pain compared to traditional treatment [23]. In this study, PNFE 
reduced VAS and NDI significantly, while the amount of increase in thickness of deep flexor muscles was not 
statistically significant.  
 
 Generally, the results showed that SE in the treatment of patients with chronic neck pain is better than PNFE. In 
patients with chronic neck pain, the activity of deep muscles, especially deep flexor muscles, reduces and activity of 
superficial muscle increases. In a study, it was shown that in deep flexor muscles of the neck, the number of type 2 
fibers is greater than the number of type 1 fibers and density of muscle spindles increased [9]. In this study, the 
cross-sectional area of deep flexor muscles in SE group increased compared to PNFE group. It could be due to 
increased activity of muscle spindles in these types of training.  This study is the first study measured and compared 
the effect of stability and proprioceptive neuromuscular facilitation exercises on cross-sectional area of deep flexor 
muscles simultaneously. 

CONCLUSION 
 

According to results of this study, SE and PNFE are effective for treatment of patients with chronic neck pain in 
reducing pain and disability. However, SE play a more important role due to a significant increase in cross-sectional 
area of deep flexor muscles in the stability of neck in the neutral posture, increasing neck balance, and consequently 
improved the quality of life during the activity. Results of this study showed that CCF exercises are an effective 
method to increase the cross-sectional area of deep flexor muscles and functional activities. Therefore, performing 
these exercises is recommended to improve deep flexor muscles. 
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