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BACKGROUND & PURPOSE: In Musculoskeletal problems are common in dental students, which lead to 

increases the occurrence of mechanical neck pain. There are several therapeutic interventions to improve mechanical 

neck pain. There are no evidences found comparing the effect of both. the purpose of the study is to compare the 

effect of serratus anterior strengthening versus rhomboid strengthening to improve mechanical neck pain & disability 

in dental students.  METHODOLOGY: An Experimental study design, with 2 groups: “Group A” & “Group 

B”, 30 dental students with mechanical neck pain were recruited for the study & distributed into groups: GROUP 

A: Serratus anterior strengthening exercise (n=15) GROUP B: Rhomboid strengthening exercise (n=15).Neck 

pain & disability was assessed by using Neck disability Index & Numeric pain rating scale before and after 4 

weeks of intervention to evaluate & compare the effectiveness of the treatment protocol.  RESULT: Result 

were statistically analyzed using paired and unpaired t-test by using, Microsoft Excel XLSTAT 2021.1 , there 

was significant improvement in NPRS & NDI with p<0.05 in group A and group B, but there was more 

significant improvement in NPRS & NDI in group A rather than group B. CONCLUSION: The study 

concluded that serratus anterior strengthening exercise training shows significant effect on improvement of pain 

& disability in dental students with mechanical neck pain. However, greater percentage of improvement was 

found in serratus anterior strengthening exercise training compared with rhomboid strengthening. KEY-

WORDS: Serratus anterior strengthening, rhomboid strengthening, mechanical neck pain, neck disability index, 

Numeric pain rating scale. 

 
INTRODUCTION: 

Neck pain is an ache or discomfort in anatomical area between occiput and 3rd thoracic vertebra and laterally 

between middle margins of scapula. People with mechanical neck pain lack an identifiable path anatomic root 

for symptoms.  

Mechanical neck pain is increased with movements of neck. It is nonspecific in nature Affected area is generally 

of the cervico-thoracic junction. There is pain & restriction in cervical range of motion due to mechanical 

dysfunction 6. The ICD-10-CM of neck pain is M54.2  
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Mechanical neck pain generally arises gradually with multiple cause of origin. Neck pain is the leading cause of 

physical disability .The prevalence of neck pain in the general population has been reported to be 15% for men 

and 23% for women, with nearly half of these individuals experiencing constant unremitting symptoms.1 It has 

been estimated that as many as 70% of individuals report experiencing neck pain during lifespan. After 5-year 

follow-up, 78% of men and 85% of women report full recovery.2,3 The economic burden with neck pain is high, 

and one third of people who experience a first-time onset of neck pain will continue to report health care 

utilization for their neck pain at a 5-year follow-up.4 About 25% of all visits in OPD based physiotherapy are for 

neck pain.7  

Long term stooping with continuous little bit of neck flexion can lead to hypertonning of posterior muscles of 

cervical spine7.Occupational activities, which involve continuous static loading of cervical spine & shoulder 

girdle leads to Postural neck pain.8 Common determinant for the cause of neck pain is bad posture. Due to bad 

postural habits, there is disturbance is surrounding tissues around neck which produce pain. In forward head, 

pain produces due to abnormally stretched muscles around the neck. There is a co-relation between neck pain 

and disability & altered posture 9 Rather than only neck, scapular muscle is also responsible for mechanical neck 

pain.2  

The serratus anterior is one of the main scapular stabilizing muscle. It originates from 1-8 ribs & travel along the 

rib cage. It inserts in ventro-medial aspect of scapula. It is innervated by long thoracic nerve. It arises from the 

ventral rami of the 5th & 7th cranial nerves. It has multiple attachments. Serratus anterior acts to 

protract.(scapular abduction) & stabilize the scapula. It helps is rotating the scapula upwards. In pushing and 

punching type activities there is protraction of scapula. The rhomboids are main movers for scapular adduction 

or retraction. Origination of Rhomboid minor is from spinous process of the C7-T1 and insertion is in the medial 

border of the scapula near the base of the scapular spine. The rhomboid major originates from the 2-5th thoracic 

vertebrae and inserts into the medial border of the scapula just below the insertion of the rhomboid minor. 

Rhomboids are innervated by dorsal scapular nerve. Rhomboid plays important role in Activities that involve a 

pulling motion 11  

The scapula connects the neck and shoulder. It plays vital role in stabilization of the neck and shoulder complex. 

8 In transferring the loads between upper limb & spine, muscles around scapula plays vital role 3.The axio - 

scapular muscles are attached to the scapula and can attribute to movement of the neck and shoulder complex.  

Altered activity of axioscapular muscles may result in increased load on the cervical spine12 Increased tension in 

muscle through its attachment to the upper four cervical segments may directly induce compressive, rotational 

and shear forces on cervical motion segments .Altered stability of the scapula causes symptomatic mechanical 

dysfunction in the cervical spine, and induce neck pain 13 Imbalanced scapular muscle function may leads to 

neck pain. There is a close connection between scapular and neck region.  

Altered scapular orientation most frequently occurs because of altered activity or poor neuromuscular patterns in 

the serratus anterior (scapular stability muscles) as well as altered activity and extensibility of the rhomboids that 

may compromise the muscle balance (scapular mobility muscles) The activity of the main stabilizers of the 

scapula, the serratus anterior depends on force production, on neuromuscular control and recruitment that 

requires particular co-ordinate activity occurring at the right moment, creating the right amount of force, 

maintained for the right length of time. Coupling of serratus anterior & trapezius does perfect firing and recruits 

that results in ‘‘force couples’’ which is vital for normal scapular orientation. Proper activity of these muscles 

depends on proprioception which is the sensation of position and movement. 

 

METHODOLOGY: 

After obtaining the ethical approval the study was carried out forward.  

 
Methods of Data Collection  

 

Source of Data: College Of Dental Sciences & Research  Centre  

Study Design: An Experimental Study (Comparative)  

Sample Size: 30  
Sampling Design Convenient  

Duration of the study: 1 Year  

Treatment Duration: 4 Weeks  
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Materials/ tools used:  
 
• Consent form  

• Pen and Paper  

• Theraband  

• Treatment couch/mat  

• One chair/Stool  

• NPRS  

• NDI  

 
Inclusion Criteria:  

 

• Diagnosed with mechanical neck pain  

• A primary complaint of neck pain  

• Age greater than 18  

• Gender- Male and female both  

• Neck disability index (NDI) score 10 points  

• Patients possess sufficient English language.  

 

PROCEDURE  

The conventional isometric training regimen consisted of a conventional isometric training program for the neck, 

in this training the dentist will be asked to sit straight; the exercise will be performed in comfortably sitting on 

chair/stool, with dentist in proper alignment,. Subjects will be instructed to give maximal palm pressure against 

the head, in all 4 directions (Front, back and both the sides of head), without causing reproduction of their 

symptoms.  

Dosage- 8-10 rep., 2 times per day for 4 week 
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Serratus anterior strengthening  
Serratus Anterior strengthening exercises: in the quadruped position the subject assumed a quadruped position 

with the shoulder, knee, and hip at 90◦ flexion. Knee and hand width were the same as shoulder width. Subjects 

will be asked to continue to rise up by protracting the scapula in the quadruped position; the subject performed 

full scapular protraction while maintaining a quadruped position and full scapular protraction. When necessary, 

the performance of an exercise will be corrected by the principal investigator based on observation and palpation 

of the target muscle.  

Repetition – 5 Repetition  

Frequency - 4 times/week (for 4 weeks)  

Set – 3  

 

Rhomboids strengthening  
Prone shoulder abduction: Diagonal pattern D2 flexion (Shoulder extension/adduction/internal rotation pattern) 

using tubing.  

Subjects In standing position, the arm on the right side, which was about to perform the exercise, was positioned 

across the body & against the thigh of opposite leg (at the 5 o’clock position) to grip the theratube, and the arm 

on the left side was comfortably placed beside the trunk, and then Starting with the palm down rotate the palm 

up to begin. Flex the elbow & bring the arm up & over the involved shoulder with the palm facing inward. Turn 

the palm down & reverse to take the arm to starting position which is shoulder flexion-abduction lateral rotation 

occurred in the 11 o’clock. This is done bilaterally. The exercise should be performed in a controlled manner. 

The selection of the Thera-band is suitable for one's physical strength when it detects the tenth strength by 

pulling it 10 times with the same motion.  

Frequency - 3 days / week (For 4 weeks)  

Repetitions - 8–12 repetitions  

Sets - 3 sets  

At end of 4th week of clinical intervention all outcome measures were recorded and tabulated. 

 

STATISTICALANALYSIS 

 

The collected data were analyzed using Microsoft excel XcelStat version 2021.1. The parametric test was used in 

statistical analysis because the distribution of data was normal. Demographic values were compared within and 

between the groups using paired t-test & unpaired t-test. Statically significant was set at p<0.05. 

 

RESULT: 

In this study 30 dental students (minimum age was 24 year and maximum age was 27 year) having mechanical 

neck pain were included out of which 8 were male and 22 were female. In this study the dental students were 

taken who had fulfilled the inclusion criteria and randomly allocated in group A Serratus anterior strengthening 

and group B Rhomboid strengthening. 

Table 1.1 Age distribution of group A (serratus anterior strengthening), Group B (Rhomboid strengthening) 

Group N Mean age  SD 

A 15 25.73 1.03 

B 15 25.8 1.01 

Total 30 25.77 1.01 

 

 The mean age and Standard deviation of Group A patients was 25.73±1.03.The mean age and standard 

deviation of Group B patients was 25.8±1.01.In thirty patients, mean age and standard deviation was 25.77 ± 

1.01 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                              ©  2021 IJCRT | Volume 9, Issue 12 December 2021 | ISSN: 2320-2882 

IJCRT2112256 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c507 
 

Table 1.2: Gender distribution 

GROUP NUMBER MEAN AGE SD 

MALE 8 25.43 0.975900073 

FEMALE 22 25.82 1.006472559 

 

TABLE 1.3  SHOWS WITHIN GROUP COMPARISON OF NDI AND NPRS IN GROUP A 

OUTCOME PRE  MEAN POST MEAN 

NDI 18.93 9.67 

 

NPRS 5.73 3.47 

 

Table1.3 display the result of pre intervention mean score NDI = 18.93,NPRS = 5.73, and post intervention mean 

score NDI=9.67,NPRS=3.47 which shows that after intervention there were improved in Neck pain and 

disability 

TABLE 1.4  WITHIN GROUP COMPARISON OF NDI AND NPRS IN GROUP B 

Outcome Pre Mean Post Mean 

NDI 18.6 6.8 

NPRS 5.26 1.46 

 

Table1.4 display the result of pre intervention mean score NDI = 18.6,NPRS = 5.26, and post intervention mean 

score NDI=6.8,NPRS=1.46 which shows that after intervention there were improved in Neck pain and disability 

 

TABLE 1.5 COMPARISON OF WITHIN AND BETWEEN GROUP A: SERRATUS ANTERIOR STRENGTHENING 

& GROUP B: RHOMBOID STRENGTHENING 

Outcome NDI PRE NDI POST NPRS PRE NPRS POST 

Group A 18.93 9.67 5.73 3.47 

Group B 18.6 6.8 5.26 1.46 

 

Graph 1.5  COMPARISON OF WITHIN AND BETWEEN GROUP A: SERRATUS ANTERIOR STRENGTHENING & 

GROUP B: RHOMBOID STRENGTHENING 
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DISUCSSION: 

Mechanical neck pain is one of the conditions which can be treated by a wide variety of physiotherapy 

methods.17 It is still difficult to formulate all proof guidelines for the management of mechanical neck pain. 

Various methods of treatment exist with own claims of success without any attempts of comparing the maximal 

effective methods.18,19,25 The main agenda of the study is to determine the effects of Serratus anterior 

strengthening and rhomboid strengthening on pain and disability in subjects with mechanical neck pain. 

In this study efforts were made to compare the effectiveness of serratus anterior strengthening versus rhomboid 

strengthening in the treatment of mechanical neck pain.  The study was conducted on 30 subjects with mean age 

of 25.77±1.01 (mean ± SD) with mechanical neck pain. The patients were divided into 2 groups with the help of 

convenient sampling method; Group A(Serratus anterior strengthening), Group B (rhomboid strengthening with 

mean age (mean ± SD) of 25.73±1.03, and 25.8±1.01 respectively. 

In this study Results indicate that there is significant improvement in pain & disability in patients with 

mechanical neck pain at the end of 4 weeks in both groups after serratus anterior strengthening with conventional 

physical therapy group A, rhomboid strengthening with conventional physical therapy group B. both treatment 

groups obtained successful outcomes as measured by significant reductions in NPRS score and significant 

decrease in NDI Scores after 4 weeks of intervention. But, clinically there was greater improvement in subjects 

who perform Serratus anterior strengthening as compared to rhomboid strengthening. 

Taha IbrahimYildiz Et al, 2017 stated that group a received neck specific exercise and group b received scapular 

focused exercise. Treatment protocol is for 6 weeks. They concluded that neck-focused exercise and scapular 

stabilization training are effective in decreasing pain and disability level in patients with NNP. More 

comprehensive studies are needed to better understand the potential effects of scapular stabilization training in 

patients with NNP. 24,26,28 

There is significant effect of Scapular Retraction Exercises in reducing Forward Head Posture. Due to forward 

head posture the deep flexor muscle gets overstretched and weak thus resulting over stretched to weak the 

rhomboid muscle. The purpose of this study was to investigate the effect of scapular retraction exercise on neck 

posture, muscle activity, pain and quality of life in individuals with neck pain and forward head posture.23,35,38 

Here 30 subjects have received scapular retraction exercise. There is significant effect of Scapular Retraction 

Exercises in reducing Forward Head Posture. Patients with neck pain will demonstrate altered activity in 

rhomboid muscles 

In this study group B was given 8–12 repetitions, after intervention Neck pain and disability was measure by 

using NPRS & NDI. The result of pre intervention mean score of NDI=18.6 & NPRS was 5.26. And post NDI 

was 6.8  NPRS was 1.46  .So, in NDI & NPRS was improvement in within group. In NDI p <0.001.In NPRS 

p<0.001 So, significant difference in within group. 

Yong gong seo concluded, it is difficult to generalize the results of that review study because the measured 

variables were not consistent among the four reviewed articles. Further studies are needed to gather additional 

strong evidence to identify the effectiveness of scapular exercise for pain, dysfunction, and Quality of life of 

patients with Neck pain.37,38,39  
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Study done by abichandani, et al, concluded that Strength training for Lower Trapezius and Serratus Anterior 

muscles along with conventional physiotherapy should be incorporated in treatment of  Mechanical Neck pain 

patients.39 

Finally this study illustrates that mechanical neck pain and disability decreases with serratus anterior 

strengthening compare to rhomboid strengthening, and it is measured bind &NPRS. So these strengthening 

exercise are recommended to dental students for improving in mechanical neck pain and disability. 

 

CONCLUSION: 

Our study leads to following conclusion serratus anterior strengthening is effective in the management of 

mechanical neck pain. Rhomboid strengthening is effective in the management of mechanical neck pain. Serratus 

anterior strengthening was found superior than Rhomboid strengthening in the management of mechanical neck 

pain. 

 

 

LIMITATIONS AND FUTUTE RECOMMENDATIONS 

LIMITATIONS: 

The study consisted of a small quantity of subjects.  

This was a short-term study of 4 weeks and no further follow up was taken.  

No blinding was done. 

 

FUTURE RECOMMENDATIONS: 

With large size of sample in each group, study can be done further. 

Study can be done by comparing the individual effect of serratus anterior strengthening and rhomboid 

strengthening with their combined effects on subjects with mechanical neck pain.  

With longer term of follow up Study can be done further. 

The study can be done to compare the other technique with serratus anterior strengthening and rhomboid 

strengthening. 

 

REFERENCES: 

1. René Fejer, Kirsten Ohm Kyvik and Jan Hartvigsen.The prevalence of neck pain in the world 

population: a systematic critical review of the literature. Eur Spine J. 2018 Jun; 15(6): 834–848. 

2. Molly T Vogt . Neck and shoulder pain in 70- to 79-year-old men and women: findings from the 

Health, Aging and Body Composition Study. The Spine Journal 3(6):435-41 DOI: 10.1016/S1529-

9430(03)00150-5 

3. Russ Paine, PT1 and Michael L. Voight, PT, DHSc, OCS, SCS, ATC, FAPTA. THE ROLE OF THE 

SCAPULA. Int J Sports Phys Ther. 2018 Oct; 8(5): 617–629. 

4. Maria Vassilaki, MD, PhD, MPH and Eric L Hurwitz, DC, PhD. Perspectives on Pain in the Low 

Back and Neck: Global Burden, Epidemiology, and Management. Hawaii J Med Public Health. 2013 

http://www.ijcrt.org/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fejer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15999284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kyvik%20KO%5BAuthor%5D&cauthor=true&cauthor_uid=15999284
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3489448/
https://www.researchgate.net/scientific-contributions/Molly-T-Vogt-39710258
https://www.researchgate.net/journal/The-Spine-Journal-1529-9430
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS1529-9430(03)00150-5
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS1529-9430(03)00150-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paine%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24175141
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voight%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=24175141
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3811730/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vassilaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24765562
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurwitz%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=24765562
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3998232/


www.ijcrt.org                                              ©  2021 IJCRT | Volume 9, Issue 12 December 2021 | ISSN: 2320-2882 

IJCRT2112256 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c510 
 

Apr; 73(4): 122–126. 

5. Horn KK, Jennings S, Richardson G, Van Vliet D, Hefford C, Abbott JH. The patient-specific 

functional scale: psychometrics, clinimetrics, and application as a clinical outcome measure. journal of 

orthopaedic & sports physical therapy. 2018 Jan;42(1):30-D17. 

6. DI developed by: Vernon, H. & Mior, S. (2020). The Neck Disability 

Index: https://www.sralab.org/rehabilitation-measures/neck-disability-index. Journal of Manipulative 

and Physiological Therapeutics. 14, 409-415 Available. 

7. P Hoffmann, IH Jonsdottir and P Thoren. Activation of Different Opioid Systems by Muscle Activity 

and Exercise. 01 OCT 2019. 

8. J Neurophysiol. Muscle activation: definations, mechanisms and functions. Published online 2018 Mar 

28. doi: 10.1152/jn.00084.2018. 

9. RamanP. Altered pain sensitivity and axioscapular muscle activity in neck pain patients compared 

with healthy controls. European journal of pain (London, England) 21(10). August 2017. 

10. Christoffer H. Andersen, Charlotte Suetta. High-Intensity Strength Training Improves Function of 

Chronically Painful Muscles: Case-Control and RCT Studies. BioMed Research International 2020. 

11. Eva Catenaccio, MD,1 Weiya Mu, MD,1 Atira Kaplan, MD,2 Roman Fleysher, PhD,1,3 Namhee 

Kim, PhD,1,3 Tamar Bachrach, BA,1 Malka Zughaft Sears, BA,1 Oren Jaspan, BA,1 Jaclyn Caccese, 

MS,4 Mimi Kim, PhD,5 Mark Wagshul, PhD,1,3,6 Walter F. Stewart, PhD, MPH,7 Richard B. 

Lipton, MD,1,5,8,11 and Michael L. Lipton. Characterization of Neck Strength in Healthy Young 

Adults, Published online 2017 Feb 5. doi: 10.1016/j.pmrj.2017.01.005 

12. Yong Gon Seo. Asian Spine J. Scapular Stabilization Exercise Effective for Managing Nonspecific 

Chronic Neck Pain?. Published online 2019 Nov 1. 

13. Barbara Cagnie. The Relevance of Scapular Dysfunction in Neck Pain: A Brief Commentary. Journal 

of Orthopaedic & Sports Physical Therapy. Published Online:June 1, 2014Volume44Issue6Pages435-

439 

14. Hestbaek L, Leboeuf-Yde C, Engberg M, Lauritzen T, Bruun NH, Manniche C. The course of low 

back pain in a general population. Results from a 5-year prospective study.  Manipulative Physiol Ther 

, 2015 

15. Emily R. Howell. The association between neck pain, the Neck Disability Index and cervical ranges of 

motion: a narrative review. J Can Chiropr Assoc. 2011 Sep; 55(3): 211–221. 

16. Boyoung Im. Effects of scapular stabilization exercise on neck posture and muscle activation in 

individuals with neck pain and forward head posture. Journal of Physical Therapy Science 28(3):951-

955. DOI: 10.1589/jpts.28.951 

17. Yong Gon Seo,1 Won Hah Park,1 Chong Suh Lee. Scapular Stabilization Exercise Effective for 

Managing Nonspecific Chronic Neck Pain. Asian Spine J. 2020 Feb. 

18. Young Kim. Effects of scapular stabilization exercise on neck posture and muscle activation in 

individuals with neck pain and forward head posture. J Phys Ther Sci. 2016 Mar; 28(3): 951–955 

http://www.ijcrt.org/
https://www.ncbi.nlm.nih.gov/pubmed/22031594
https://www.ncbi.nlm.nih.gov/pubmed/22031594
https://www.ncbi.nlm.nih.gov/pubmed/22031594
https://www.sralab.org/rehabilitation-measures/neck-disability-index
https://journals.physiology.org/doi/abs/10.1152/physiologyonline.1996.11.5.223?journalCode=physiologyonline
https://journals.physiology.org/doi/abs/10.1152/physiologyonline.1996.11.5.223?journalCode=physiologyonline
https://journals.physiology.org/doi/abs/10.1152/physiologyonline.1996.11.5.223?journalCode=physiologyonline
https://dx.doi.org/10.1152%2Fjn.00084.2018
https://www.researchgate.net/journal/European-journal-of-pain-London-England-1532-2149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Catenaccio%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaplan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fleysher%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bachrach%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sears%20MZ%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaspan%20O%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caccese%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagshul%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stewart%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipton%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipton%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipton%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=28167302
https://dx.doi.org/10.1016%2Fj.pmrj.2017.01.005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20YG%5BAuthor%5D&cauthor=true&cauthor_uid=31668049
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7010515/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Howell%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=21886283
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3154067/
https://www.researchgate.net/scientific-contributions/Boyoung-Im-2105293905
https://www.researchgate.net/journal/Journal-of-Physical-Therapy-Science-0915-5287
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1589%2Fjpts.28.951
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20YG%5BAuthor%5D&cauthor=true&cauthor_uid=31668049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=31668049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=31668049
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7010515/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27134391
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4842472/


www.ijcrt.org                                              ©  2021 IJCRT | Volume 9, Issue 12 December 2021 | ISSN: 2320-2882 

IJCRT2112256 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c511 
 

19. Hogg-Johnson S, van der Velde G, Carroll LJ, et al. The burden and determinants of neck pain in the 

general population: results of the bone and joint decade 2000–2010 task force on neck pain and its 

associated disorders. J Manipulative Physiol Ther. 2009;32(2):46–60. doi:10.1016/j.jmpt.2008.11.010 

20. Guzman J, Hurwitz EL, CarrollLJ, et al. A new conceptual model of neck pain: linking onset, course, 

and care: the bone and joint decade 2000–2010 task force on neck pain and its associated disorders. J 

Manipulative Physiol Ther. 2009;32(2):S17–S28. doi:10.1016/j.jmpt.2008.11.007 

21. Feng B, Liang Q, Wang Y, Andersen LL, Szeto G. Prevalence of work-related musculoskeletal 

symptoms of the neck and upper extremity among dentists in China. BMJ Open. 2014;4(12):e006451. 

PubMed ID: 25526795 doi:10.1136/bmjopen-2014-006451 

22. Haldeman S, Carroll L, CassidyJD. Findings from the bone and joint decade 2000 to 2010 task force 

on neck pain and its associated disorders. J Occup Environ Med. 2010;52(4):424–427. PubMed ID: 

20357682 doi:10.1097/JOM.0b013e3181d44f3b 

23. Borghouts JA, Koes BW, BouterLM. The clinical course and prognostic factors of non-specific neck 

pain: a systematic review. Pain. 1998;77(1):1–13. PubMed ID: 9755013 doi:10.1016/S0304-

3959(98)00058-X 

24. Guzman J, Hurwitz EL, CarrollLJ, et al. A new conceptual model of neck pain: linking onset, course, 

and care: the bone and joint decade 2000–2010 task force on neck pain and its associated disorders. J 

Manipulative Physiol Ther. 2009;32(2):S17–S28. doi:10.1016/j.jmpt.2008.11.007 

25. Ha SM, Kwon OY, Yi CH, JeonHS, Lee WH. Effects of passive correction of scapular position on 

pain, proprioception, and range of motion in neck-pain patients with bilateral scapular downward-

rotation syndrome. Man Ther. 2011;16(6):585–589. PubMed ID: 21705260 

doi:10.1016/j.math.2011.05.011 

26. Lluch E, Arguisuelas MD, Quesada OC, et al. Immediate effects of active versus passive scapular 

correction on pain and pressure pain threshold in patients with chronic neck pain. J Manipulative 

Physiol Ther. 2014;37(9):660–666. PubMed ID: 25282679 doi:10.1016/j.jmpt.2014.08.007. 

27. Szeto GP, Straker L, Raine S. A field comparison of neck and shoulder postures in symptomatic and 

asymptomatic office workers. Appl Ergon. 2002;33(1):75–84. PubMed ID: 11831210 

doi:10.1016/S0003-6870(01)00043-6. 

28. Helgadottir H, Kristjansson E, Mottram S, Karduna A, Jonsson H Jr. Altered alignment of the 

shoulder girdle and cervical spine in patients with insidious onset neck pain and whiplash-associated 

disorder. J Appl Biomech. 2011;27(3):181–191. PubMed ID: 21844606 doi:10.1123/jab.27.3.181 

29. Helgadottir H, Kristjansson E, Mottram S, Karduna A, Jonsson H Jr. Altered scapular orientation 

during arm elevation in patients with insidious onset neck pain and whiplash-associated disorder. J 

Orthop Sports Phys Ther. 2010;40(12):784–791. PubMed ID: 20972341 doi:10.2519/jospt.2010.3405 

30. Zakharova-Luneva E, Jull G, Johnston V, O’Leary S. Altered trapezius muscle behavior in individuals 

with neck pain and clinical signs of scapular dysfunction. J Manipulative Physiol 

Ther. 2012;35(5):346–353. PubMed ID: 22608287 doi:10.1016/j.jmpt.2012.04.011 

 

http://www.ijcrt.org/


www.ijcrt.org                                              ©  2021 IJCRT | Volume 9, Issue 12 December 2021 | ISSN: 2320-2882 

IJCRT2112256 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c512 
 

31. Behrsin JF, Maguire K. Levator scapulae action during shoulder movement: a possible mechanism for 

shoulder pain of cervical origin. Aust J Physiother. 1986;32(2):101–106. PubMed ID: 25026444 

doi:10.1016/S0004-9514(14)60646-2 

32. Castelein B, Cools A, Bostyn E, Delemarre J, Lemahieu T, Cagnie B. Analysis of scapular muscle 

EMG activity in patients with idiopathic neck pain: a systematic review. J Electromyogr 

Kinesiol. 2015;25(2):371–386. PubMed ID: 25683111 doi:10.1016/j.jelekin.2015.01.006 

33. Hodges PW, Tucker K. Moving differently in pain: a new theory to explain the adaptation to 

pain. Pain. 2011;152(3):S90–S98. doi:10.1016/j.pain.2010.10.020 

34. Van Dillen LR, McDonnell MK, Susco TM, Sahrmann SA. The immediate effect of passive scapular 

elevation on symptoms with active neck rotation in patients with neck pain. Clin J 

Pain. 2007;23(8):641–647. PubMed ID: 17885341 doi:10.1097/AJP.0b013e318125c5b6 

35. Cagnie B, Struyf F, Cools A, Castelein B, Danneels L, O’Leary S. The relevance of scapular 

dysfunction in neck pain: a brief commentary. J Orthop Sports Phys Ther. 2014;44(6):435–439. 

PubMed ID: 24816504 doi:10.2519/jospt.2014.5038 

36. Cools AM, Struyf F, DeMey K, Maenhout A, Castelein B, Cagnie B. Rehabilitation of scapular 

dyskinesis: from the office worker to the elite overhead athlete. Br J Sports Med. 2014;48:692–697. 

PubMed ID: 23687006 doi:10.1136/bjsports-2013-092148 

37. Kibler WB, McMullen J. Scapular dyskinesis and its relation to shoulder pain. J Am Acad Orthop 

Surg. 2003;11(2):142–151. PubMed ID: 12670140 doi:10.5435/00124635-200303000-00008 

38. Macdermid JC, Walton DM, Avery S, et al. Measurement properties of the neck disability index: a 

systematic review. J Orthop Sports Phys Ther. 2009;39(5):400–417. PubMed ID: 19521015 

doi:10.2519/jospt.2009.2930 

39. Hartling L, Brison RJ, Ardern C, Pickett W. Prognostic value of the Quebec classification of 

whiplash-associated disorders. Spine. 2001;26(1):36–41. PubMed ID: 11148643 

doi:10.1097/00007632-200101010-00008 

40. Malanga GA, Landes P, NadlerSF. Provocative tests in cervical spine examination: historical basis 

and scientific analyses. Pain Phys. 2003;6(2):199–206. 

 

41. Burn MB, McCulloch PC, LintnerDM, Liberman SR, Harris JD. Prevalence of scapular dyskinesis in 

overhead and nonoverhead athletes: a systematic review. Orthop J Sports 

Med. 2016;4(2):2325967115627608. PubMed ID: 26962539 doi:10.1177/2325967115627608 

42. Jull G, Trott P, Potter H, et al. A randomized controlled trial of exercise and manipulative therapy for 

cervicogenic headache. Spine. 2002;27(17):1835–1843. PubMed ID: 12221344 

doi:10.1097/00007632-200209010-00004 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                              ©  2021 IJCRT | Volume 9, Issue 12 December 2021 | ISSN: 2320-2882 

IJCRT2112256 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c513 
 

43. Kennedy C. Therapeutic exercise for mechanical neck pain. In: de las 

Penas CF, Cleland J, Dommerholt J, eds. Manual Therapy for Musculoskeletal Pain Syndromes: An 

Evidence and Clinical-Informed Approach. Churchill Livingstone, England: Elsevier Health 

Sciences;2015:174. 

44. E, Duzgun I, Hayran M, Baltaci G, Karaduman A. Scapular kinematics during shoulder elevation 

performed with and without elastic resistance in men without shoulder pathologies. J Orthop Sports 

Phys Ther. 2013;43(10):735–743. PubMed ID: 24256172 doi:10.2519/jospt 

45. Kocur P, Wilski M, Goliwąs M, Lewandowski J, Łochyński Female Office Workers With Moderate 

Neck Pain, D J Manipulative Physiol Ther 2019 Mar - Apr;42(3):195-202. Epub 2019 May 20 doi: 

10.1016/j.jmpt.2019.02.005. PMID: 31122786.  

46.  Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Group Preferred reporting items for 

systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6(7). DOI: 

10.1371/journal.pmed.1000097 

  

http://www.ijcrt.org/

