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 Abstract  

Background: The studies in the literature have focused on the biomechanical and 

neurophysiological aspects of cervical and temporomandibular joint function. Addressing the 

cervical spine correlation with the temporomandibular joint may lead to long-term 

improvement in the derangement. This study desired to deduce the effectiveness of deep neck 

muscle strengthening exercises on jaw motion and clicking sounds in anterior disc 

displacement with reduction of the temporomandibular joint. 

Methods: This controlled clinical trial was conducted using a single-blinded design in a 

tertiary care teaching hospital affiliated with The University of Lahore- from March 2020 to 

January 2021. A count of 68 patients were enrolled each with 34 patients. The inclusion 

criteria were being 18–50 years old, suffering from temporomandibular joint pain and disc 
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displacement with reduction, medical referral for temporomandibular disorders by a dentist or 

a maxillofacial surgeon, and having symptoms for more than one month before the first 

treatment. The exclusion criteria were having a tumor, fracture, or trauma in recent medical 

history, systemic, rheumatic diseases, degenerative changes, and history of surgery of the 

cervical spine or temporomandibular joint. The control group (Group A) was only given 

temporomandibular joint mobilization and soft tissue release. The Intervention group (Group 

B) did neck strengthening exercises in addition to the temporomandibular joint mobilization. 

The subjects were assessed twice. 

Results: To analyze the data, SPSS version.21 was used. To assess the frequency of 

qualitative factors like clicking, the chi-square test was employed. The mean scores of 

quantitative factors such as mandibular lateral deviation and maximal mouth opening were 

approximated between the two categories of subjects using the Mann-Whitney test. The 

findings demonstrated that there was no change between the groups' pre- and post-treatment 

means for jaw mobility and clicking sounds. Nonetheless, the Intervention group's 

mandibular lateral deviation significantly improved (P-value ≤0.037)*.   

Conclusion: The findings revealed that neck strengthening exercises in addition to routine 

physical therapy of the temporomandibular joint do not affect clicks and mobility between 

the two groups. The exercises were found out to be effective only in improving the lateral 

deviation of the mandible. 

Keywords: temporomandibular joint disorders, temporomandibular joint disc, 

temporomandibular disorders, therapy, exercise 

 

INTRODUCTION 

The term "temporomandibular joint disorder" (TMD) refers to a group of illnesses that are 

characterized by clicking sounds in the temporomandibular joint (TMJ), discomfort in the 

joint and its surrounding tissues, or functional limitations of the jaw during motion.1 The most 

prevalent and frequent self-limiting musculoskeletal conditions affecting adults are TMJ 

problems. According to epidemiological research, one-third of individuals exhibited at least 

one symptom and up to 75% of adults displayed at least one indicator of the joint 

dysfunction. 2,3 Upon clinical examination, limited mouth opening and joint snapping were 

noticed. Anterior disc displacement with reduction (ADDR) in the TMJ is often seen 
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occasionally in younger population, and it is correlated with biomechanical and anatomical 

factors.4 

Disc displacement with reduction is common, reported in about 27.6% in the left and 28.6% 

in the right TMJ. However, American and Asian groups have reported lower incidences.5 

The females are more frequently affected by TMJ disorder.6 This might be due to the impact 

of some female features such as more lax joints7 and higher intra-articular pressure.8 The 

interrelationship between age and disc displacement with reduction (DDWR) has been 

confirmed by statistics.9 

Patients with TMD symptoms may exhibit significant compensatory variations, which 

include hyperextension of the upper cervical spinal segments, decreased curvature of the 

lower neck vertebra, protraction and elevation of the shoulders, and increased kyphosis of the 

thoracic spine.10 

TMJ dysfunction's ideal course of treatment is still up in the air. 

Patients who experience clicking as a result of decreased anterior disc displacement now have

 a new approach to treatment thanks to therapeutic exercises. 

In order to reduce clicking sounds, these exercises are far more common and economical than

 splint therapy or surgery.11 

Studies have indicated that the treatment of DDWR is difficult, particularly when the popping 

sound in the joint is the key complaint for many patients.12, 13 

In another study, neck vertebral interventions based on joint mobilization, segmental 

stabilization, and cranio-cervical flexor stabilization exercise promoted the activation of deep 

neck flexors with negligible neck bending in one group, and muscle stretching brought about 

statistically significant improvements in TMD patients. The intervention resulted in reduced 

self-narrated pain, enhanced ache less mobility of jaw and mandibular function. There was 

also a significant increase in the sensitivity of the chewing muscle on the left side. After 

intervention, maximum mouth opening increased by 5.7 mm, equal to 17.5% of the initial 

value with modest impact size. The improvement has been confirmed by studies that used 

cervical spine manual therapy for TMD patients. 14,15 
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In order to assess the usefulness of cervical strengthening exercises, empirical evaluation of 

cervical spine treatment in correlation to disc displacement with reduction of the 

temporomandibular joint is necessary. To date, the question of whether or not cervical 

strengthening exercises are effective in the control of disc displacement has been left 

unanswered. The results of the study will help dentists and physical therapists to manage the 

disorder, reduce its recurrence, and predict treatment outcomes. 

Methods 

This study was a controlled clinical trial conducted by way of single-blinded design in a 

tertiary care teaching hospital affiliated with The University of Lahore- from March 2020 to 

January 2021 

Sample Size:  

 

 

 

 

 

 

 

 

 

Figure 1. Sample Size Calculation on Open Epi. 

 

The sample size was calculated using the following formula: 

 

Z1-α/2 Level of significance                                                       90% 

µ1         Expected mean pain score in the Intervention group             2.12             

µ2         Expected mean pain score in the control group     2.87  

δ1         Expected standard deviation in the Intervention group    0.83  

δ2         Expected standard deviation in the control group    1.12 
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Z1-β      Test power             80% 

N         Expected sample size in each group                      28 

 

Considering 20% drop out, the sample size was estimated as 68 (34 in each group).14 The 

participants were selected using the non-probability convenience sampling technique. The 

inclusion criteria were age ranged between 18–40 years, suffering from temporomandibular 

joint pain and disc displacement with reduction, being referred for temporomandibular 

disorders by a dentist or maxillofacial surgeon, and having symptoms for more than one 

month before the first treatment. The exclusion criteria were having a tumor, fracture, or 

trauma in recent medical history, systemic/rheumatic diseases, degenerative changes, and 

history of surgery of the cervical spine or temporomandibular joint.  

The sensitivity of Helkimo Index was calculated as 86.67%, the specificity was 68.09%, and 

Cronbach alpha was 0.826. 

Random allocation was done using sealed opaque envelopes. The random numbers were 

generated by a computer software and written on the opaque envelopes. All the odd numbers 

were assigned to Group A (control) and the even numbers were assigned to Group B 

(intervention). After assessment, the assessor handed over the envelope to the patient and 

then the patient handed over the envelope to the therapist.  This was a single-blind study in 

which the assessor was blinded simply by not being told the group assignments.  

 

Data collection  

The data was collected using a measuring tape, a stethoscope, and the Helkimo index 

questionnaire. The participants who met the inclusion criteria and gave consent were 

recruited in the study. An initial assessment was done by a trained physical therapist before 

allocation to the groups. The pre-treatment Helkimo index questionnaire was completed, and 

jaw mobility was measured. A stethoscope was used to listen to the clicking sounds. The 

treatment plan was executed by the researcher for both groups. Both groups received routine 

physical therapy of the temporomandibular joint but neck strengthening exercises were only 

performed by the Intervention group. The post-trial assessment was done by the same 

physical therapist who had done the initial assessment. The Helkimo index questionnaire was 

completed once more, and jaw mobility was measured again.  
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Data collection methods 

Control group 

Manual mobilization of the temporomandibular joint was performed in all sessions with 3–5 

repetitions in 1 to 3 sets once a day. Besides, soft tissue release of chewing muscles, 

including the masseter, lateral/medial pterygoid, and temporalis, was performed for 2 minutes 

on each muscle once a day. Furthermore, therapeutic exercises of the TMJ, including 

protrusion and lateral shifting were done at home 2 times a day with 5–6 repetitions and a 10-

second hold. 

Intervention group 

All of the above-mentioned treatment protocols were performed for the patients in the 

Intervention group. In addition, the patients did strengthening exercises of deep neck bending 

muscles, including the longus capitus and longus colli muscles, at home three times a day 

with 10 repetitions and a 10-second hold. To ensure patient compliance with the neck 

strengthening exercises, the patients’ diaries were checked each session.  

 

Data analysis: Statistical Package for the Social Sciences (SPSS) 21 version was used, chi-

square and cross tabulation for qualitative variables. The non-parametric test was used to 

evaluate the difference in the mean scores of quantitative variables within the groups. The 

Mann-Whitney test was also used to find the differences in the average score of quantitative 

variables between the groups. The level of significance was set at ≤ 0.05*. 

Patients were well informed potential threats and benefits of the exercise and it was ensured 

to them that their data was kept in confidential. Pain may increase after the treatment, the 

only risks associated with this research. There may be decrease in pain, improvement in 

mouth opening and may be reduced lateral deviation and clicking sounds  

Results 

In this study, the average age of the patients was 32.07 ± 10.64 in the Intervention group and 

31.73 ± 9.09 in the control group as shown in Table 1. Moreover, there were 50 females and 

3 males in this study. A count of 27 females were in the Intervention group and 23 were in 

the control group. There were only 3 males in the control group and none in the Intervention 

group as represented in Table 2. 
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There was a significant difference between the two groups after treatment in the clicking 

sounds of the temporomandibular joint tabulated in Table 3. Besides, temporomandibular 

joint mobility increased in both groups, but the Intervention group showed more 

improvement than the control group. The mean difference in the Intervention group was 

32.59 ± 9.48 before the treatment and 41.9 ± 5.86 after the treatment. In the control group, 

the mean difference was 38.07 ± 9.320 before the treatment and 43.26 ± 7.164 after the 

treatment tabularized in Table 4.  

As depicted in Table 5, the mean difference of the lateral deviation of temporomandibular 

joint in the Intervention group was 0.62 ± 0.49 pre-treatment and 0.22 ± 0.42 after the 

treatment. The corresponding value for the control group was 0.42 ± 0.50 before treatment 

and 0.50 ± 0.50 after treatment.  

 

Discussion  

The mean assessments of pain, mobility, and clicking sounds varied significantly both among 

and between the groups, according to the study's findings. The mandibular lateral shift and 

general temporomandibular joint dysfunction were found to be better with the additional 

workouts performed by the Intervention group. 

A study by Calixtre et al. in 2016 used cervical muscle-conditioning techniques and evaluated 

maximum mouth opening (MMO) was measured, the results showed an improvement from 

31.5 ± 9.17 before the treatment to 38.0 ± 8.82 after the treatment (P-value ≤0.002*).14 In the 

present study, maximum mouth opening was 32.59 ± 9.48 before the treatment, and the 

intervention improved it to 41.9 ± 5.86 after the treatment (P-value ≤ 0.012*). 

Further investigation assessed the efficacy of isokinetic activities in the management of 

temporomandibular joint clicking. Upon completion of a 6-month testing period, 18 of the 22 

people (or roughly 82%) were free of clicking, whereas 4 (or roughly 18%) of those who had 

bilateral reciprocal clicking remained free of it. This study showed that 6(22.2%) patients in 

the Intervention group had no clicking noises at all, while 21 (77.8%) patients had clicking 

sounds prior to treatment.16  

Furthermore, a study in 2021 in which maximum mouth opening was estimated in the 

stabilizing splint group (36.9 ± 3.44 mm), the anterior repositioning splint group (37.5 ± 3.69 

mm), and the lingual ring splint group (36.4 ± 3.62 mm). 17 
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This study was conducted with some limitations. Patients with traumatic injury and 

adolescent patients with anterior disc displacement with reduction of the temporomandibular 

joint were not included in the study. The geriatric population was also not incorporated in the 

study. 

Conclusion 

The study results indicated that both groups exhibited a significant decrease in clicking 

sounds but an increase in joint mobility (maximum mouth opening and lateral deviation of 

the mandible).  

The following are recommended for further studies: 

1. To evaluate the effectiveness of neck strengthening exercises in comparison to joint 

mobilization, particularly without the conventional therapies. 

2. To conduct more follow-ups for further review of new developments 

3. To carry out studies on the adolescent population separately 

 

Conflict of Interests 

Authors have no conflict of interest.  

 

Acknowledgments 

We would like to express our indebtedness to the University of Lahore and the Head of 

Department Dean, Dr. Ashfaq Ahmad for his assistance in the completion of this project. 

We would like to express our gratitude to the Knowledge Research and Innovation Center 

(KRIC), Lahore, Pakistan, for their discussions to improve the concepts and assistance in 

proofreading and editing the manuscript. 

 

References 

1. Buescher JJ. Temporomandibular joint disorders. Am Fam Physician. 2007;76(10):1477-82. 

2. Koh H, Robinson PG. Occlusal adjustment for treating and preventing temporomandibular joint 

disorders. J Oral Rehabil. 2004;31(4):287-92. doi: 10.1046/j.1365-2842.2003.01257.x. 

https://doi.org/10.1046/j.1365-2842.2003.01257.x


 

Journal of Oral Health and Oral Epidemiology (JOHOE) 
ONLINE ISSN: 2322-1372  
JOURNAL HOMEPAGE: https://johoe.kmu.ac.ir/ 

 
10 

 

3. Marpaung C, van Selms MK, Lobbezoo F. Temporomandibular joint anterior disc displacement 

with reduction in a young population: prevalence and risk indicators. Int J Paediatr Dent. 

2019;29(1):66-73. doi: 10.1111/ipd.12426. 

4. Rahman SA, Sukumaram M, Haque S, Alam MK. Disc displacement with reduction (TMD) in 

teenagers. Int Med J. 2019;26(3):252-3. 

5. Poluha RL, De la Torre Canales G, Costa YM, Grossmann E, Bonjardim LR, Conti PC. 

Temporomandibular joint disc displacement with reduction: a review of mechanisms and clinical 

presentation. J Appl Oral Sci. 2019;27:e20180433. doi: 10.1590/1678-7757-2018-0433. 

6. Lazarin R, Previdelli IT, Silva R, Iwaki LC, Grossmann E, Filho LI. Correlation of gender and age 

with magnetic resonance imaging findings in patients with arthrogenic temporomandibular disorders: 

a cross-sectional study. Int J Oral Maxillofac Surg. 2016;45(10):1222-8. doi: 

10.1016/j.ijom.2016.04.016. 

7. Dergin G, Kilic C, Gozneli R, Yildirim D, Garip H, Moroglu S. Evaluating the correlation between 

the lateral pterygoid muscle attachment type and internal derangement of the temporomandibular joint 

with an emphasis on MR imaging findings. J Craniomaxillofac Surg. 2012;40(5):459-63. doi: 

10.1016/j.jcms.2011.08.002. 

8. Nitzan DW. Intraarticular pressure in the functioning human temporomandibular joint and its 

alteration by uniform elevation of the occlusal plane. J Oral Maxillofac Surg. 1994;52(7):671-9. doi: 

10.1016/0278-2391(94)90476-6. 

9. Ikeda K, Kawamura A, Ikeda R. Prevalence of disc displacement of various severities among 

young preorthodontic population: a magnetic resonance imaging study. J Prosthodont. 

2014;23(5):397-401. doi: 10.1111/jopr.12126. 

10. Armijo-Olivo S, Pitance L, Singh V, Neto F, Thie N, Michelotti A. Effectiveness of manual 

therapy and therapeutic exercise for temporomandibular disorders: systematic review and meta-

analysis. Phys Ther. 2016;96(1):9-25. doi: 10.2522/ptj.20140548. 

11. Yoda T, Sakamoto I, Imai H, Honma Y, Shinjo Y, Takano A, et al. A randomized controlled trial 

of therapeutic exercise for clicking due to disk anterior displacement with reduction in the 

temporomandibular joint. Cranio. 2003;21(1):10-6. doi: 10.1080/08869634.2003.11746226. 

12. Garefis P, Grigoriadou E, Zarifi A, Koidis PT. Effectiveness of conservative treatment for 

craniomandibular disorders: a 2-year longitudinal study. J Orofac Pain. 1994;8(3):309-14. 

https://doi.org/10.1111/ipd.12426
https://doi.org/10.1590/1678-7757-2018-0433
https://doi.org/10.1016/j.ijom.2016.04.016
https://doi.org/10.1016/j.jcms.2011.08.002
https://doi.org/10.1016/0278-2391(94)90476-6
https://doi.org/10.1111/jopr.12126
https://doi.org/10.2522/ptj.20140548
https://doi.org/10.1080/08869634.2003.11746226


 

Journal of Oral Health and Oral Epidemiology (JOHOE) 
ONLINE ISSN: 2322-1372  
JOURNAL HOMEPAGE: https://johoe.kmu.ac.ir/ 

 
11 

 

13. Lalue-Sanches M, Gonzaga AR, Guimaraes AS, Ribeiro EC. Disc displacement with reduction of 

the temporomandibular joint: the real need for treatment. J Pain Relief. 2015;4(5):200. doi: 

10.4172/21670846.1000200. 

14. Calixtre LB, da Silva Grüninger BL, Haik MN, Alburquerque-Sendín F, Oliveira AB. Effects of 

cervical mobilization and exercise on pain, movement and function in subjects with 

temporomandibular disorders: a single group pre-post test. J Appl Oral Sci. 2016;24(3):188-97. doi: 

10.1590/1678-775720150240. 

15. Jull G, Falla D, Treleaven J, Sterling M, O'Leary S. A Therapeutic Exercise Approach for 

Cervical Disorders. Edinburgh, UK: Churchill Livingstone, Elsevier Science; 2004. 

16. Au AR, Klineberg IJ. Isokinetic exercise management of temporomandibular joint clicking in 

young adults. J Prosthet Dent. 1993;70(1):33-9. doi: 10.1016/0022-3913(93)90034-l. 

17. Mohamed N, Abd El Azizi O. Splint therapy for treatment of anterior disc displacement with 

reduction. Egypt Dent J. 2021;67(3):2055-9. doi: 10.21608/edj.2021.76076.1632. 

 

Table 1: The results of descriptive statistics according to age 

  Intervention group  Control group 

n 34 34 

Mean age 32.07 31.73 

SD 10.64 9.09 

Minimum 20 20 

Maximum 50 48 

 

Table 2: Descriptive statistics according to gender 

 Frequency Percent 

Intervention group Female 34 100.0 

Control group Male 3 11.5 

Female 31 88.5 

Total 68 100.0 
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Table 3: chi-square test for clicking sounds before and after treatment 

 

 

 

 

 

Table 4: The results of Mann-Whitney test for maximum mouth opening before and 

after treatment 

 Before treatment  

 

After treatment 

n 

 

Intervention 

group 

Control group Intervention 

group 

Control group 

Mean 32.59 38.07 41.9 43.26 

SD 9.48 9.320 5.86 7.164 

Min 23.0 23.00 32.0 32.00 

Max 55.00 55.00 55.00 55.00 

Mean Ranks 21.85 32.35 26.33 27.69 

Clicking sounds Clicking sounds  

 

 Pre-Intervention 

 

Post-Intervention 

 Intervention 

group 

Control group Intervention 

group 

Control 

group 

Yes 77.8% 

 

88.5% 22.2% 69.2% 

No 22.2% 11.5% 77.8% 30.8% 

Total 

 

100.0% 100.0% 100.0% 100.0% 

P-value 

 

0.300* 0.001* 
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Sum of Ranks 590.0 841.00 711.0 720.00 

P-Value 0.012 0.747 

 

 

 

Table 5: The results of Mann-Whitney test for mandibular lateral deviation before and 

after treatment 

 Intervention Group Control Group 

Pre  Post Pre  Post 

    

N 34 34 34 34 

Mean 0.62 0.22 0.42 0.50 

SD 0.49 0.42 0.50 0.50 

Minimum 0.00 0.00 0.00 0.00 

Maximum 1.00 1.00 1.00 1.00 

Wilcoxon signed-rank test 0.001* 0.317 

 

 


