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Abstract. Temporo-mandibular joint disorders (TMDs) are a multifaceted group 

of excruciating disorders which impact masticatory muscles along with temporo-

mandibular joint. It is a collection of musculoskeletal conditions which affects 

the temporo-mandibular region. TMD symptoms include jaw pain, tenderness, 

and discomfort in the ear, difficulty chewing, agonizing facial pain, joint locking, 

and trouble opening and closing the mouth. Compared to male, females over the 

age of18 reported a greater incidence of TMD signs and symptoms. A unique AI 

software is used in this study. Convolutional neural networks, a type of artificial 

intelligence (AI), utilized to calculate the Cobb's angle in x-rays and of cervical 

spine. Methods: Based on the inclusion and exclusion criteria, patients were se-

lected. They are divided into two groups at random. Proprioceptive Neuromus-

cular facilitation was given to the experimental group, while Rocabado exercises 

was given to the control group. Both groups were trained equally for 7 days a 

week for eight weeks. Pre – test and post- test measurements done with, Cobb’s 

angle C2-C7with the help of AI software using x-ray, maximal mouth opening 

range, hand held algometer & Jaw Functional Limitation Scale. Result: Statistics 

reveals that experimental group which received Proprioceptive Neuromuscular 

Facilitation showed significant improvement by means of Cobb’s angle, pain, 

maximal mouth opening, and functional ability in comparison to control group 

that received Rocabado exercises. Conclusion: The study has reported that Pro-

prioceptive Neuromuscular Facilitation is more significant than the Rocabado 

exercise programme in improving pain, posture by means of Cobb’s angle and 

functional ability in muscular TMDs. 

Keywords: temporomandibular, Rocabado exercise, algometer, Proprioceptive 

Neuromuscular facilitation, artificial Intelligence. 

1 Introduction 
Temporo-mandibular joint disorders (TMDs) are a multifaceted group of excruciating 

conditions that impact the masticatory muscles along with the temporo -mandibular 

joint. It describes a collection of musculoskeletal disorders affecting the temporo -man-

dibular region. The temporo-mandibular joint, the masticatory muscles, or both can be 

affected with this disorder. TMD symptoms include jaw pain or tenderness, discomfort 
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in the ear, difficulty chewing, agonizing facial pain, joint locking, and trouble opening  

and closing the mouth. The temporomandibular disorders has a Research Diagnostic 

Criteria (RDC/TMD) classification system. It was used to establish the incidence of 

muscular temporo-mandibular disorders for the population of Chennai city. The study 

population consisted of 3039 individuals. The findings indicate that mandibular devia-

tion during mouth opening (42.1%) and clicking sounds (38.6%) constituted the highest 

proportions within the study sample (53.7%). Additionally, females over the age of 18 

exhibited a higher incidence of temporo-mandibular disorder signs and symptoms com-

pared to males. Myofascial pain dysfunction syndrome (MPDS) was observed in 0.8% 

of the population, 38.3% of internal derangement and 14.6% of osteoarthritis [1]. The 

temporomandibular disorders Diagnostic Criteria provides a taxonomy of TMDs by 

categorizing them as joint related disorders, mastication muscle disorders and related 

structural illnesses[2]. Masticatory muscular pain is classified as myalgia, tendinitis, 

myositis, and spasm among Axis I pain-related TMDs [2].The most common diagnosis 

is myalgia, which is also one of the main symptoms made by people with TMD [3]. 

Three subtypes of myalgia can be classified as myofascial pain, local myalgia  and re-

ferral myofascial pain [2]. Some clinical reports state that the development of mild 

pressing muscular discomfort, which tends to worsen when stimulated, is a common 

feature of myalgia's presentation [4]. Masticatory function may make discomfort worse, 

which may ultimately result in trouble opening the mouth and intense pain [4]. Previous 

literatures has documented the decrease in life’s quality. M-TMD concerning the se-

verity of functional limitations, pain and psychosocial variables [5] [6]. Due to the mas-

ticatory system's involvement, determining how TMDs affects the quality of oral health 

which is crucial for assessing the impact of symptoms either directly or indirectly re-

lated to these conditions [7] [8].  

Nonsurgical methods of treatment includes medications, physiotherapy, occlusal 

splints, and manual therapy. The primary treatment strategy is exercis e like Rocabado 

exercise [9] [10]. However, Proprioceptive Neuromuscular Facilitation is a distinct 

technique, is not utilized for temporo-mandibular disorders up to this point. Proprio-

ceptive Neuromuscular Facilitation (PNF) was created for those whose paralyzed mus-

cles causes them discomfort. With this procedure, the patients' functions are improved 

by facilitating the body’s movements easier through contractions with diagonal limb 

movements. [11]. PNF uses physical resistance to cause contractions in the strong body 

part to cautiously mobilize a weakened body part. In musculoskeletal rehabilitation, it 

is employed to enhance function, increase joint ROM and indirectly alleviates the pain 

[12] [13]. Cervical posture has an indirect relationship with the temporomandibular

dysfunction. The position of the mandible in relation to the head, and the head in rela-

tion to the neck, are highly interdependent. Altering the position of one structure inev-

itably affects the position of the other. Direction of line of pull of muscles is also altered.

So, postural assessment must be done for the patients with TMJ dysfunction. Forward

neck posture stretches the muscle present in the anterior aspect of cervical spine. Ten-

sion in that area tends to pull the mandible posteriorly, which causes chronic mandibu-

lar Retrusion along with depression. Hence, this study also focuses on cervical curva-

ture evaluation using   Cobb’s angle for C2-C7 measurement using the AI tool.

Artificial intelligence (AI) is the ability of a technology to learn, understand, interpret,

and predict like a human. In physiotherapy, artificial intelligence (AI) holds significant

potential as a diagnostic decision-support and outcome-measurement tool. Presenting
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the applications and advantages of AI in TMDs while taking into account recent litera-

ture is the goal of this study. Takahito Fujimori et al. done a study on the lordotic cur-

vature of the cervical spine on radiographs with the advancement of artificial intelli-

gence for the automated evaluation and measurement. It includes 1645 patients and 

their 4546 cervical x-rays. They concluded that Compared to surgeons, cervical spine 

alignment was measured by AI model more accurately [14]. Artificial intelligence (AI) 

has applications in both normal medical care and large-scale image measurement stud-

ies [14]. Convolutional neural networks (CNNs) are used in AI models, and their neural 

networks provide greater image recognition skills [15] [16].  

Through assessment of the entire spinal cord, the Cobb’s angle has traditionally served 

as the standard method for assessing the degree of spinal curvature in patients with 

kyphosis  and has been proven to be accurate in this regard [17]. Using radiographic 

pictures, the C2-C7 Cobb technique calculates the cervical spine's curvature [17]. Ac-

cording to this technique, a cervical curvature of 20° to 60° is considered normal 

[18].The Cobb approach is easy to use and widely applied, we utilized it to determine 

the C2–C7 angle [19] [20]. Usually, a right angle is made between the end plates of C2 

and C7 vertebrae, and the Cobb’s angle is determined by measuring the angle formed 

at the intersection of the rays originating from each perpendicular line. This AI tool has 

the ability to automatically assess the uploaded x-ray image and determines the Cobb’s 

angle. This AI tools software is freely available for the public to use it for medical 

purpose. 

One of the first PNF methods, Rhythmic Stabilisation (RS) is defined by isometric con-

tractions performed in multiple directions against resistance applied manually. As re-

sistance direction changes, the instructed person attempts to hold the position [21]. Its 

objectives include enhancing muscle strength, balance, and stability, increasing ROM 

(both passive and active) and alleviating pain [21] [22]. The Combination of Isotonics 

is an additional PNF technique for enhancing motor performance. This type of exercise 

involves isometric, concentric and eccentric contractions. It is utilized for addressing 

deficits in ROM and strength [23]. Rocabado’s approach is a 6x6 exercise protocol that 

has proven effective for decreasing pain, improving functions of muscles of mastication 

and ROM of TMJ. In this study, we examined the effects of pain and maximal mouth 

opening in patients with TMJ disorders of previously unapplied PNF exercises as well 

as gold standard Rocabado exercises. The aim is to assess the effectiveness of PNF Vs 

Rocabado exercise on pain and posture improvement in muscular temporomandibular 

joint disorders. 

1.1 Materials & methods 

This is a comparative experimental study conducted with 104 individuals diagnosed 

with M-TMD. The study was done at Saveetha Medical College and Hospital. Patients 

were selected based on the established inclusion and exclusion criteria  i)Patients who 

meets the RDC for M-TMJ dysfunction, ii) Patients with symptoms of clenching, grind-

ing, joint sounds, iii) Patients with limited jaw movements, iv) Patients with age from 

18 to 45, v)study includes both male and female participants. i) Patients having ortho-
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paedic, neurological or haematological cervical disorders, ii) Patients receiving occlu-

sive treatments, iii) Patients using functional appliances, iv) Patients with TMJ osteo-

arthritis, v) Patients with surgical history in the jaw,   vi) Patients with vertigo, vii) 

Patients with maximum mouth opening <39mm, viii) Patients with headache associated 

with TMDs are excluded from the study. Subsequently, the patients were provided with 

a detailed explanation of the protocols and written informed consent was obtained. Sub-

jects were randomly assigned to two groups with simple random sampling method. The 

Experimental group received PNF whereas control group received Rocabado exercises. 

Both the groups are trained for the duration of 8 weeks. Pain pressure threshold, maxi-

mal mouth opening, Jaw Functional Limitation Scale and Cobb’s angle measure using 

AI tool are used as the outcome measures that was administered to find the progression 

in posture, pain, mandibular ROM and functional ability respectively. 

1.2 Procedure 

1.2.1 Experimental group 

Exercises will be performed thirty minutes per day, seven days a week over a period of 

eight weeks. D1 is flexion with right side rotation and right side lateral flexion. Then 

do extension with left side rotation and left side lateral flexion. The D2 is flexion with 

left side rotation and left side lateral flexion and extension with right side rotation and 

right side lateral flexion of the head and neck patterns of PNF were applied [24]. In 

both diagonals, the following movements were performed: Retrusion of mandible, ele-

vation of the tongue with neck flexion, and closing the mouth, protraction of mandible, 

opening of the mouth, tongue depression with neck extension. Ind ividuals with TMD 

were initially taught exercises with rhythmic initiation and 15 repetitions were applied 

as warm-up period before techniques were applied [24]. 

1.2.2 Control group 

Patient position. Patient sitting comfortably on a table. Arms resting on the thighs. 

Shoulder and neck should be relaxed 

Steps. Exercises given for 6 reps - 3 sets per day for 7 days a week for 8 weeks. . 

Rocabado framed 6X6 exercise program for the TMJ disorders that has six fundamental 

variations. They are, tongue in Rest position, controlled temporo-mandibular joint ro-

tation, stabilized head flexion, retraction of the lower cervical, and retraction of the 

Shoulder girdle [25]. 

2 Outcome measure 

2.2 Pain pressure threshold 

We used a hand held algometer for assessing the PPT for temporalis, masseter, ster-

nocleidomastoid and trapezius. The instrument has a firm rubber tip with a diameter of 

1 cm that is connected to a pressure force gauge’s plunger. The algometer has a range 

of 0 to 10 kg and divisions of 0.1 kg. Its dial is measured in kg/cm2 [26]. Previous studies 
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have demonstrated that pressure algometry’s reliability can reach ICC=0.91 (95% con-

fidence interval). 

2.3 Cobb’s angle 

The X-ray images in the lateral view are taken before the beginning of the study and 

after 8 weeks of the study as a pre and post evaluation. The images are then uploaded 

in the AI tool which evaluates the C2-C7 cervical angle automatically and pre-post 

values are compared to denote the prognosis. 

2.4 Maximal mouth opening 

The space between the upper and lower incisors during maximal mouth opening is 

measured in millimetres (mm) with a ruler. 

2.5 Jaw function limitation scale 

The jaw movement, mastication, and linguistic and emotional expression limits are 

measured by the organ-specific JFLS instrument, which consists  of three models for 

assessing the masticatory system’s functioning state. 

3 Statistical analysis 

The paired t-test was employed to assess and compare the effects of the treatment based 

on the pre-test and post-test values within the same group. The unpaired t-test was uti-

lized to compare the post-test outcomes between two groups. Statistical significance 

was determined when the p-value was less than 0.0001. The table1,2,3,4 and5 shows 

the post-test values of both the groups. 

3.1 Pain pressure threshold for masseter 

Table 1. Post-test values of both the groups. 

Parameters Experimental group Control group 

Sample size 52 52 

Pretest mean 1.494 1.610 

Posttest mean 5.925 3.881 

Pretest SD 0.600 0.490 

Posttest SD 0.791 0.636 

3.2 Pain pressure threshold for temporalis  

Table 2. Post-test values of both the groups 

Parameters Experimental group Control group 

Sample size 52 52 



 

3.3  Pain pressure threshold for trapezius 

Table 3. Post-test values of both the groups 

Parameters Experimental group Control group 

Sample size 52 52 

Pretest mean 1.835 1.958 

Posttest mean 4.92 4.027 

Pretest SD 0.425 0.420 

Posttest SD 0.482 0.556 

3.4 Pain pressure threshold for sternocleidomastoid 

Table 4. Post-test values of both the groups. 

Parameters Experimental group Control group 

Sample size 52 52 

Pretest mean 1.756 1.748 

Posttest mean 5.958 4.071 

Pretest SD 0.465 0.454 

Posttest SD 0.531 0.536 

3.5 Maximal mouth opening 

Table 5. Post-test values of both the groups. 

Parameters Experimental group Control group 

Sample size 52 52 

Pretest mean 12.56 12.25 

Posttest mean 32.52 27.38 

Pretest SD 3.47 2.62 

Posttest SD 3.68 2.86 

3.6 Jaw function limittation scale 

Table 6. Post-test values of both the groups. 

Parameters Experimental group Control group 

Sample size 52 52 
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Pretest mean 1.860 2.002 

Posttest mean 6.062 4.290 

Pretest SD 0.646 0.550 

Posttest SD 0.647 0.558 



 

3.7 Cobb’s angle 

Table 7. Post-test values of both the groups. 

Parameters Experimental group Control group 

Sample size 52 52 

Pretest mean -10.154 -9.827

Posttest mean 14.056 4.567 

Pretest SD 12.084 10.047 

Posttest SD 7.606 5.862 

4 Result 

Table 8. Post-test mean results of experimental and control group. 

Parameters Experimental group Control group 

Cobb’s angle 14.056 4.567 

masseter 5.925 3.881 

Temporalis 6.062 4.290 

Trapezius 4,92 4.027 

Sternocleidomastoid 5.958 4.071 

MMO 32.52 27.38 

JFLS 17.81 14.48 

On comparing the post-test mean values of both the groups, experimental group shows 

higher rate of improvements in the post tests. Thus, proprioceptive neuromuscular fa-

cilitation is shown to be more efficient than Rocabado exercise in enhancing cervical 

lordosis, maximal mouth opening, pain and functional ability in patients with muscular 

temporo-mandibular joint disorders. 
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Pretest mean 8.42 7.58 

Posttest mean 17.81 14.48 

Pretest SD 1.86 1.94 

Posttest SD 1.39 1.63 



 

5 Discussion 

The goal of the study was to alleviate pain and to improve maximal mouth opening 

range and functional ability of the patients using PNF technique and Rocabado exer-

cises. Chronic painful disorders, or TMDs, are defined by persistent pain that endures 

beyond the usual healing time [27].  About 20% of adults experience chronic pain rang-

ing from moderate to severe severity, which has a significant negative impact on social 

and professional functioning [28]. Furthermore, M-TMDs have the potential to de-

crease quality of life, particularly in individuals who report high levels of pain or who 

catastrophize about their suffering [29]. Rumination, exaggeration, and powerlessness 

are examples of pain catastrophizing, which can ultimately result in kinesiophobia [29]. 

Given the connections between TMD, pain and pain related catastrophizing, it seems 

highly significant that patients with M-TMDs had higher chances with 8.673 times of 

decreased quality of life [30]. Furthermore, the masseter's functional pull aids in posi-

tioning the condyles during the closure, near the foot of articular eminence’s posterior 

slopes in their supero-anterior position on the stabilizing appliance [31]. According to 

Okeson et al., TMD may cause the neck to distort or align abnormally [32]. This rea-

soning backs up Janda's theory that injuries to the locomotor system causes structural 

damage to the surrounding tissues [33]. De Wijer et al. proposed that in addition to 

treating stomatognathic system, the cervical spine should also be assessed and treated 

[34].efforts has been made to align the cervical spine through orofacial myofunctional 

therapy and to relax the TMJ muscles since tongue movement can create disruption in 

the TMJ [35] [36]. The concept of PNF focuses on enhancing activity level as well as 

improving body structures and functions by using a holistic and positive approach, in 

addition to treating physical issues that impede movement of the body [37]. Future re-

search is advised to include long-term application, evaluation, and follow-up proce-

dures. There are potential possibilities for this non-invasive technique to measure the 

cervical spinal cord curvature using the AI tool in the future researches. 
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Artificial Intelligence (AI) is a rapidly developing technology in the modern world. AI 
are used worldwide to ease the works of human within a blink of an eye. Physiotherapy 
is a field of rehabilitation which should be updated in order to meet the current trends 
of the world. It’s our duty as a Physical therapist to ensure the advancement of our 
treatment techniques with new innovations and ideas. 

6 Conclusion 

The findings demonstrated that after eight weeks of therapy, both experimental and 
control group considerably improved on post-test values within the group. The results 
indicate that the group that received Proprioceptive Neuromuscular Facilitation showed 
significantly greater progressions than the group that underwent Rocabado exercise, 
according to the outcome measures. 

Disclosure of interest. The authors have no competing interests to declare that are relevant to 
the content of this article. 
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