CHAPTER 1
INTRODUCTION
Restricted mouth opening has serious health implication such as malnutrition due to impaired mastication, difficulty in speech and compromised oral hygiene resulting in functional deficit of stomatognathic system.
	Reduced mouth opening can result from trismus as in case of oral submucous fibrosis where accumulation of inelastic fibrous tissue in the juxtaepithelial region result in stiffness of oral mucosa. In addition to this, muscle degeneration subsequently leads to fibrosis and scarring of temporalis muscle, further enhancing the limitation in mouth opening.
Temporalis muscle, being an important muscle of mastication, is responsible for elevation of the jaw, undergoes degeneration due to over activity in OSMF. This over activity leads to excessive consumption of glycogen following connective tissue changes, degeneration of muscle, scarring and leading to fibrosis further restricting the mouth opening1.
Ecxcision of fibrous bands in OSMF leads to restoration of mouth opening which is further improved by addressing the problem related to temporalis muscle and coronoid process, for which temporalis myotomy is advocated. Coronoidectomy is an adjunctive procedure which is now a days recommended by various authors2,3,4 along with excision of fibrous bands in OSMF  cases or in 
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conditions where threre is trismus or threre are chances of incurring trismus due temporalis muscle spasm.
	Other than trismus, mandibular hypomomobility can also result from a series of disorders that affect the temporomandibular joint and adjacent structures.TMJ ankylosis is a fairly common disability arising from any condition that induces fibrosis or bony ankylosis between the articular surfaces.
Surgical intervention is necessary in the management of advanced cases of submucous fibrosis and temporomandibular joint ankylosis while managing both these conditions, coronoidectomy is being increasingly popular as an adjunct to conventional surgical procedures. After the resection of ankylotic mass, the temporalis muscle and tendon attachments are cut and the entire coronoid is removed. Removing only the tip of coronoid or simply performing a coronoidectomy is inadequate, because the coronoid reforms and attaches to the temporalis tendon5.
Since performing coronoidectomy involves detachment of temporalis muscle, its    affect on mandibular function should be recorded by performing Electromyography and bite force. However, none of the studies so far have reported and evaluated mandibular functions after performing coronoidectomy by recording EMG activity, the bite force, lateral excursions and maximum mouth opening.
Hence, the present study was undertaken to determine the effects of coronoidectomy in cases of oral submucous fibrosis and TMJ ankylosis on the physiological functioning of mandible by recording EMG activity, lateral excursion, bite force and maximum mouth opening. 



CHAPTER 2
REVIEW OF LITERATURE
2.1 ORAL SUBMUCOUS FIBROSIS
Oral submucous fibrosis has been well established in Indian medical literature since the time of Sushruta. In the Sushrutsamhita it is described as ‘swelling within the throat with burning, tickling pain, heammorhage, putrid and necrosed muscle caused by “pitta” known as vidari, occurring in mouth particularily in the site by which the patient lies 3  It was first described by Schwartz(1952)6.
Paymaster JC(1956)7 described it as a precancerous condition and recorded the onset of slowly growing squamous cell carcinoma in one third of patients with it.
“Submucous fibrosis maybe defined as insidious, chronic disease affecting any part of oral cavity and sometimes pharynx. Although occasionally preceeded by and/or associated with vesicle formation , it is always associated with a juxta epithelial inflammatory reaction followed by a fibroblastic change of lamina propria, with epithialial atrophy leading to stiffness of the oral mucosa and causes trismus and inability to eat8.”


2.1.1 CLASSIFICATION
Pindborg J J et al (1975) 8 described four consecutive stages of oral submucous fibrosis based on histological findings :
· Very early stage 
· Early stage
· Moderately advanced stage
· Advanced stage
Khanna J N et al (1995)4 classified oral submucous fibrosis based on clinical and histopathological findings into following four stages:
Stage I
· Very Early OSMF
· Normal mouth opening (>35mm)
· The common intial symptom in these patients is burning sensation
· Acute ulceration and recurrent stomatitis maybe present.
Stage II
· Early OSMF
· Limitation of mouth opening (26-35mm)
· The preliminary affected area are soft palate and faucial pillars.
· Mottled or marble like appearance of buccal mucosa, where the depigmented fibrosed area alternated with pink normal mucosa.
Stage III
· Moderately advanced OSMF 
· Trismus is evident (15-25mm)
· Buccal mucosa appears pale and is firmly attached to the underlying tissues.
· Vertical fibrous bands can be palpated in premolar region.
· Patients are unable to blow out there cheeks and whistle.
· Atrophy of vermillion border.
Stage IVa
· Severe trismus (<15mm)
· The fauces are thickened, shortened and firm on palpation.
· Uvula appears to be shrunken or as small fibrous bud.
· Limitation of tongue movements.
· Obliguity of the rima oris.
Stage IVb
Advanced with pre malignant and malignant changes
Leukoplakia and squamous cell carcinoma can be seen in addition to the presence of all the classical signs of advanced OSMF
2.1.2 CLINICAL FEATURES-
Buccal mucosa is the most common site of involvment14 , followed by soft palate, uvula, lips, tongue and floor of mouth. A circular band can be felt around the entire rima oris and the changes are quite marked in the lower lip. This circular fibrosis may cause obliguity of rima oris and atrophy of vermillion border15. Fibrous band could be seen in the soft palate, radiating from the pterygomandibular raphe or the anterior faucial pillar in a scar like appearance6.
Canniff JP et al (1986)3 explained about the atrophy of the tendon of temporalis muscle, an important muscle of mastication causing severe trismus.
Borle RM et al (1991)9 described two phases which are clinically classified as-
1. An eruptive phase- Characterized by formation of vesicles, erythema, and burning sensation. The vesicles rupture to small ulcers, which leads to further increase in the burning sensation. 
2. The fibrosis induction stage- Charaterized by disappearance of the vesicles and healing of the ulcers, decreased burning sensation, blanching and stiffness of oral and oropharyngeal mucosa owing to healing by fibrosis. Blanching of the oral mucosa is caused by impairment of local vascularity because of increasing fibrosis and results in marble like appearance.
Pillai R et al (1992)10 explained that progressive inability to open the mouth fully is an important feature in OSMF due to the formation of fibrous bands  especially in the buccal mucosa, posterior palate and lips.
Excessive salivation, defective gustatory sensation, regurgitation and nasal resonance are rarely encountered. Restricted tongue movements are generally seen in advanced cases.
2.1.3 MANAGEMENT 
OSMF has been managed by various methods over the years, which includes both the conservative as well as surgical intervention. Conservative treatment includes vitamins such as vitamin A (chewable tablets or topical applications), iron suppliments, intralesional injections of hyaluronidase, placental extracts and steroids. Submucosal injections of various drugs that produce temporary symptomatic relief but can lead to aggravated fibrosis, pronounced trismus and increased morbidity from the mechanical injury secondary to insertion of the needle and chemical irritation from the drugs15.
Borle RM et al9 suggesteD that vitamin A has a stabilizing effect on the mucous membrane. The functional and structural stability of epithelium throughout thr body depends upon vitamin A. the deficiency of vitamin A causes  loss of mucous secreting cells and epithelial atrophy, resulting in mucosal irritation.
Gupta DCS et al (1992)11 evaluated the effectiveness of vitamin B complex with iodine injections.
Khanna JN et al (1995)4  suggested the use of vitamin A and vitamin B complex in all the patients of OSMF however considered surgical treatment to be the only solution in group III and group IV cases (according to his classification).
2.2 TMJ ANKYLOSIS 
Ankylosis of Temporomandibular Joint involves fusion of the mandibular condyle to the base of the skull27. It produces or excessively restrains the range of mandibular movements.
Etiology – it is associated with trauma12,13,14, infection15 (fevers of childhood, aural or odontogenic sepsis), tumors or degenerative diseases (arthritis) and as a complication of previous temporomandibular joint surgery16 or forcep delivery17.
2.2.1 PATHOGENESIS 
Rowe N. L.(1972)18 stated that in a child any injury transmitted through the long axis of the mandible results in comminuted fracture of the condyle (intracapsular) with an associated haemarthrosis which further organize to make a bone to bone fusion called ankylosis.
The most important feature in fracture encouraging ankylosis is close contact between the glenoid fossa and condylar stump14.
2.2.2 CLASSIFICATION OF TMJ ANKYLOSIS
Kazanjian classified ankylosis as true or false. Any condition that gives rise to osseous or fibrous adhesion between the surfaces of the temporomandibular joint is a true ankylosis. False ankylosis results from pathologic conditions not directly related to the joint19.
According to Sawhney TMJ ankylosis in children is identified as four different types20.
Type 1- there is minimal bony fusion but extensive fibrous adhesions around the joint.
Type 2- more bony fusion especially at the outer edge of the articular surface, but no fusion within the more medial area of the joint.
Type 3- there is a bridge of bone between the mandible and the temporal bone.
Type 4- the joint is replaced by a mass of bone.
TMJ ankylosis can be classified according to the location of the problem (intra or extra articular), type of tissue involved (osseous, fibrous or fibro-osseous) and the extension of the fusion (complete or incomplete)21.
2.2.3 CLINICAL FEATURES 
Destruction of condyle by trauma, sepsis or disease and subsequent ankylosis with absence of proper function in the stage of active mandibular growth produces the typical ‘bird facies’ ‘vogelgesicht’- micrognathia. In unilateral cases, chin is deviated to the ipsilateral side and displaced posteriorly22.
Deviation is sometimes seen in bilateral ankylosis and is concordant with the degree of destruction of each condyle. There is presence of antegonial notching and angular exostoses representing appositional bone growth beneath the pterygo masseteric sling and mark the junctional zone between the underdeveloped mandibular body and the ramus22.
According to Munro et al23 TMJ ankylosis affects the development of muscles. The medial pterygoid, masseter, temporalis and suprahyoid muscles becomes shorter with hypertrophy due to long standing isometric contraction.
In children with long standing ankylosis, the ipsilateral and sometimes the contalateral coronoid process become hyperplastic, thereby creating additional obstruction to jaw movements7.
2.2.4 MANAGEMENT –
Management of TMJ ankylosis only requires through surgical  intervention, the main objective of which are resection of ankylosed bone, restoration of form and function and prevention of recurrence.
The three principle surgical mrthods include-
1. Gap arthroplasty
2. Interpositional arthroplasty
3. Joint reconstruction
2.3 CORONOIDECTOMY 
Coronoidectomy is recommended in conditions where there is trismus or there are chances of incurring trismus due to temporalis muscle spasm. Temporalis muscle originates from the inferior temporal line and temporal fascia. It inserts as a tendon on coronoid prosess and anterior border of ramus of mandible as far inferiorly and anteriorly behind third molar.
In the management of OSMF, coronoidectomy plays an important role in increasing mouth opening. Caniff JP et al recommended temporal myotomy or coronoidectomy to release severe trismus caused by the atrophic changes in the tendon of temporalis muscle secondary to the disease3.
In TMJ ankylosis, there is hyperplastic ipsilateral or contralateral coronoid process that tends to impinge against the medial surfaces of the zygomatic arches and posterior surfaces of the body of the zygomatic bones resulting in painless yet mechanical restriction of the mouth opening24,25.
Park W et al (2009)26 described a method to compare the coronoid/condyle ratio of the individuals independent from the bony size, three potential points are choosen to represent the mandibular foramen. The potential points were the tip point of the lingual, the fossa of the foramen, and an imaginary central point of the foramen entrance. The distance from each of these points to the most superior point of the condyle and the tip of the coronoid process.
Based on the fact that a precise determination of the mandibular foramen is technically not feasible, an alternative technique has been introduced for easy assessment and estimation of the length of the coronoid process, measured on the CT scan of 40 patients (20 adults and 20 adolescents)27.
According to this method an auxillary line is drawn passing through the deepest point of the incisors. The length of both the processes is measured from the most cranial part of the coronoid and the condyle along the virtual axis. The measurements showed a mean length of coronoid process of 13.02 mm for adults and 12.43 mm for adolescents and the coronoid/condyle ratio with a mean of 0.78. Thus, coronoid/condyle ratio of  <1.0 indicates normal anatomic conditions and ratio more than 1 is indicative of coronoid enlargement. 

2.3.1 REVIEWS ON CORONOIDECTOMY 
Kaban et al (1990)28 stated that the mean preoperative mouth opening in 14 patients of TMJ ankylosis with 18 affected joints was 16.5+/- 9.06 mm. A mean of 37.5=/- 3.90 mm at one year was reported with his protocol.
Khanna et al (1995)4  proposed a technique of utilizing bilateral palatal island flap to cover the exposed area, in combination with bilateral temporalis myotomy and coronoidectomy in group III and group IV cases of OSMF. On average, the mean maximal opening was found to range from 34-45 mm postoperatively over a period of 4 years. This is considerable improvement over a preoperative mean maximal opening of 3-35 mm.
Balaji SM (2003)30 evaluated 31 patients, 9 children and 22 adults, with recurrence TMJ ankylosis after gap arthroplasty, with a mouth opening less than 5 mm. the management protocol consisted of resection of ankylotic mass and coronoidectomy along with the mass in bilaterally ankylosed cases whereas in the unilateral cases, intraoral coronoidectomy on the contralateral side was done to facilitate good mouth opening. Post operative mouth opening achieved immediately after the surgery was 37.5 mm in the below 18 group and 38.6 mm in adults. It was seen that after 3 years of follow up the mouth opening was 34 mm in below 18 group and 36.7 mm in adults.
In a study of 14 patients of TMJ ankylosis, preoperative restriction of mouth opening was 0-15 mm (average 7.4mm). The surgical treatment was osseous resection along with coronoidectomy and the average long term mouth opening of 32.8 mm was reported20.
Lopez et al(2004)31 evaluated 27 patients with TMJ ankylosis with a preoperative maximal interincisal opening less than 10 mm. Patients underwent ankylotic mass resection followed by ipsilateral coronoidectomy. If minimal interincisal opening was less than 30 mm, contralateral coronoidectomy was performed via an intraoral approach. The post operative maximal inter incisal opening ranged from 29-35 mm (mean 31.1 mm).
Su-Gwan et al(2007)29  has done study on 7 patients of TMJ ankylosis. The preoperative maximal interincisal opening of 9-20 mm (mean 15 mm)was reported. The preoperative protocol was in accordance with Kaban’s protocol. All the patients underwent resection of ankylotic mass along with coronoidectomy while two patients underwent bilateral coronoidectomies. Post operative follow up revealed maximum inter incisal opening of 34-39 mm (mean 36.1mm). This study concluded that this protocol is effective for the treatment of TMJ ankylosis.
Hung et al (2007)32 evaluated 11 patients of TMJ ankylosis with preoperative mouth opening ranged from 0-21 mm (mean 10.3 mm). Following the surgical release of ankylosis and ipsilateral coronoidectomy, mouth opening of 25-48 mm was achieved. Contralateral coronoidectomy is suggested if mouth opening is less than 25mm.
Borle RM et al (2009)33 did a study of 47 patients of OSMF with inter incisal mouth opening of less than 25 mm were treated by bilateral release of fibrous bands, coronoidectomy and extended grafting with nasolabial flap. There was marked improvement in the inter incisal mouth opening from a mean of 14 mm (range 2-23mm) to a mean of 41 mm (23-55 mm).
Recommendation of bilateral intraoral coronoidectomy if inter incisal mouth opening of less than 35 mm was achieved intra operatively, in a study done on 6 patients of OSMF with preoperative mouth opening less than 15 mm. Intra operative  inter incisal mouth opening of 40-45 mm was achieved. The mean mouth opening at the 4th postoperative week was 34.7 mm, at 3 months was 38.5 mm and by the end of 6 months an increase of 39.6 mm was noted (2009)34.
Paramhand et al (2010)35 reported 30 cases of advanced OSMF with mean maximum preoperative mouth opening was 10.1 mm. the surgical protocol was resection of the fibrous bands followed by bilateral coronoidectomy and resurfacing the buccal defect with collagen membrane. Mean intra operative inter incisal distance increased up to 38.2mm. 6 months after surgery the average mouth opening was 37.8 m, at 1 year 36.10 mm and at 2 years 34.87 mm.
Kothari et al(2012)36 evaluated 10 patients with clinically and histologically confirmed OSMF with preoperative interincisal opening 14.7mm (mean 2-20mm). after release of fibrotic bands, coronoidectomy was performed followed by restoration of the defect by BFP. The intra operative forced mouth opening of 46.4mm was achieved. At 12 months of follow up, the postoperative mouth openening was 32.5mm.
N. Al-Saadi et  al (2017)66 did a study on seven patients who were clinically diagnosed with severe mandibular hypomobility (10–20 mm) were treated in their hospital from 2008 till 2015. Four patients had pseudoankylosis of the coronoid process with the untreated-fractured zygoma. Three patients had bilateral coronoid hyperplasia, with one case forming a bilateral joint articulation with the zygoma (Jacob’s disease). All patients underwent coronoidectomy. Surgery was followed by vigorous jaw physiotherapy. Patients were evaluated using inter incisal
distance at maximum mouth opening, preoperatively and postoperatively for a period ranged between 6 months and 2 years. They found Mandibular mobility improved significantly in six patients postoperatively and was maintained throughout the follow up period with satisfactory range of motion (30–42 mm). Two patients had significant iatrogenic postoperative deranged occlusion, and one had re-pseudoankylosis six months postoperatively despite initial improvement. They concluded that the Coronoidectomy is an effective measure for treatment
of coronoid hyperplasia and coronoid pseudoankylosis, with minimum complication.
Ozay Ozkaya et al (2017)67 evaluated the outcomes of five patients with CPH treated by coronoidectomy, relative to post surgery jaw function. They included Five patients with CPH in their study. The diagnosis of CPH was confirmed by radiographic and clinical examination of the mandible. All five patients underwent bilateral intraoral coronoidectomy under general anesthesia. The mean maximum inter incisal mouth opening for the patients was determined by measurements taken pre-surgery, intra operative, and at longest follow up. All five patients underwent postsurgical physical therapy directed towards jaw function. In  their study patients with limited mouth openings presented with a preoperative maximum inter incisal mouth opening of 12.4 mm (range 9–20.3 mm), which was increased to 37 mm(range 22–52 mm) in the operating room after bilateral intraoral coronoidectomy and 42 mm (range 32–52 mm) during the late follow-up. They concluded that patients with limited jaw function related to bilateral CPH can benefit by undergoing bilateral coronoidectomies and physiotherapy.
Assaf Marom et al (2018)68 did a simple, intuitive hypothesis which was tested by via a comparative finite-element study of the primitive versus modified state of the coronoid process, using two-dimensional models of the mandible. Their simulations demonstrate that a large gape has an unfavorable effect on the primitive state of the coronoid process: the diagonal, almost horizontal, component of the temporalis muscle resultant (relative to the long axis of the coronoid process) bends the process in the sagittal plane. Furthermore, they showed that the modification of the coronoid process morphology alone reduces the process bending in a wide gape increasing the compression to tension ratio. Their results provide indirect evidence in support of the hypothesis that the modification of the coronoid process in Neandertals is necessary for enabling their mandible to cope with a large gape.
Seth S. et al (2017)93 did study on 10 patients with TMJ ankylosis. They found satisfactory mouth opening in all cases where ankylotic mass was removed with coronoid process.

2.4 ELECTOMYOGRAPHIC ACTIVITY (EMG) 
According to Mishra U. K. and Kalita J.  Electromyography refers to the recording of action potentials of muscle fibers  firing singly or in groups near the electrode in a muscle. The muscle action potential when recorded and appears triphagic as the action potential approaches crosses and leaves the recording electrode37.
According to Henneman (1974)38 Motor Unit Action Potential (MUP/MUAP) represents a sum of the muscle action potentials supplied by an anterior horn cell. The MUP therefore has a higher amplitude and longer duration than action potential produced by a single muscle fiber. The motor unit potential can be characterized by their firing pattern and appearance. Recruitment of MUPs refers to additional firing of MUPs during muscle contraction which depends on its mass.
Bakke M. and Moller E. (1980)39 evaluated the electrical activity in the anterior and posterior Temporal and Masseter muscle during maximal bite in four subjects which was recorded bilaterally with and without premature unilateral contact of teeth. Muscle activity was measured as the average level and peak of mean voltage with layers of strips of 0.05, 0.10, 0.15 and 0.20 mm placed between first molars either on left or right side; and compared with level of activity with undisturbed occlusion. Unilateral premature contact causes significant asymmetry of action in all muscles under study with stronger activity ipsilaterally. The asymmetry was caused by larger spindle afferent activity on ipsilateral as compared to contralateral side and that the all over decrease of muscle activity was due to a gradual reduction  of activity from periodontal pressoreceptors.
Tuller B. et al (1981)40  investigated the role of masticatory muscles during the production of speech by recording the EMG of masseter, temporalis, pterygoid muscle and found that the traditional classification of masseter, temporali and medial pterygoid were describing the control of the jaw.
Dahlstrom L. (1989)41 evaluated the behavior of the masticatory muscles by the use of EMG and the studies have emanated from many different paradigms. Findings from sleep and basic laboratory studies seem to support the hypothesis of a correlation between masticatory muscle hyperactivity and symptoms whereas experimentally induced stress studies consistently show an increased activity in symptomatic subjects.
Lindauer S. J. et al (1993)42  designed a study to evaluate the EMG activity from the masseter, anterior and middle temporalis muscle during controlled isometric biting at different force levels and vertical jaw openings. The results of this study suggested that all muscles but the posterior temporalis muscle displayed significant increase in muscle activity with increase bite force production which may also be affected by biomechanical factors and neutral control production and changes in masticatory muscle length resulting from vertical jaw opening causes alterations in contractile properties.
Blanksma N. G. and Eijden T. M. (1995)43  studied the possible existence of regional differences in temporalis and masseter muscles under dyanamic conditions by recording the maximum effort whilen intercuspal and incisal static clenches, open/close excursion from both the intercuspal and incisal positions. During the static clenches and the open/close excursion, no differences were demonstrated between the regions of the temporalis muscle. In both the muscles, temporalis and masseter, maximum activity (100%) was reached during intercuspal clenches. The average activity declined to 35% of the maximal activity in the temporalis muscle, to 47% in the deep, and to 86% in the superficial masseter during incisal clenches. During all chewing tasks, the EMG peak activity of the anterior temporalis and the superficial masseter muscle was higher in the working than in the balancing condition.
Cecere F. et al (1996)44 evaluated the reproducibility of quantitative EMG recordings from masticatory muscle in 14 subjects without any signs or symptoms of temporomandibular disorders. EMG activity from the anterior temporalis and masseter muscles were recorded bilaterally during chewing and biting activities where no statically significant differences were found between the left and right side. In a second experiment, the influence that repeated recordings were performed during maximal biting in intercuspal position (mean 23.1%). Depending on the time interval between the EMG recordings, the muscles considered and the function performed, individual errors ranged from 5% to 63%.
 Ferrario V. F. et al. (1996)45  presented a report evaluating the within and between subject electromyographic coordination between the masseter and temporalis anterior muscles during the performance of a standardized chewing task. Electromyographic activity of Masseter and Temporalis muscles were recorded in 60 young healthy adults (30 men, 30 women) during 15 seconds of unilateral mastication of chewing gum. The chewing test applied allowed the evaluation of the neuromasculature coordination during the performance of standardized physiologic activity. A significant gender difference was found for the masticatory frequency, with larger values in men than in women. 
Yamaguchi T. et al. (1998)46 analyzed the activity of the jaw-closing muscles after coronoidectomy performed on a patient with coronoid hyperplasia and evaluated the effects of unilateral coronoidectomy on the activity of Masseter and Temporal muscles. After coronoidectomy of the left region, the range improved to 43 mm. EMG was recorded in temporal and masseter muscles. Preoperatively, no abnormal EMG activity was observed whereas eight months after surgery, there was an increase in the ratio of the bilateral temporalis muscle activity and decrease in the ratio of the right masseter muscle activity, and the proportion of activity of jaw closing muscles was out of the normal range. Eighteen months after surgery, there was slight return to the preoperative EMG activity. It was concluded that unilateral coronoidectomy (ipsilateral) could result in EMG changes of masseter and temporal muscles bilaterally with a gradual return.
Baba K. et al. (2000)47  studied the immediate effect of occlusal contact pattern in lateral jaw position on the EMG activity in jaw elevator muscles in humans. Patients were asked to carry out submaximal lateral clenching and EMG of the Masseter and anterior and posterior Temporalis muscles were measured. Results showed that clenching in a lateral mandibular position under natural conditions induced activity patterns with a clear dominance of the anterior and posterior Temporalis muscles of the working side. Working side dominance in the anterior Temporalis reduced moderately when an experimental non-working side occlusal contact was added. Dominance decreased drastically when an experimental non-working interference was added. No effect on Masseter activity was found. Results suggested that non-working side contacts have a significant effect on clenching induced Temporalis muscle activity. 
Moreno I. et al. (2008)48  did a study which determined the influence of Angle molar class, presence of a posterior crossbite, anterior guidance, as well as gender in the muscular activity of the masticatory system in a population of healthy individuals. Surface electromyography recordings were made for the Masseter, anterior and posterior Temporalis and Digastric muscles; in three different tests: clenching at maximum intercuspation, swallowing and chewing. Results showed that men achieved a higher masseter activity at maximum effort than women. Women achieve higher values than men, for the digastric muscles in deglutition. The presence of a posterior cross-bite affects the behaviour of anterior Temporalis and Masseter muscles. Results showed the influence of the occlusal parameters on the muscular activity of the stomatognathic system.
Castroflorio T. et al. (2008)49 found that the EMG activity of the surface elevator muscles of the mandible can be picked up from the cutaneous projection of the muscular belly and also reviewed the main limitations and applications of surface EMG in the investigations of the jaw elevator muscles. 
Gomes S. G. F. et al. (2010)50 evaluated masticatory performance, mandibular movement, EMG activity and muscle effort of Masseter and anterior Temporal muscles during mastication in a study of 78 dentate subjects. No statistical difference was detected among groups for the other masticatory movement parameters and no difference in absolute EMG amplitudes of Masseter and anterior Temporal muscles during mastication. It was concluded that the vertical facial pattern influences masticatory performance, mandibular movement during mastication and the effort masticatory muscles required for chewing. 
Gonzalez Y. et al. (2011)51  evaluated the reliability of EMG activity in relation to static bite force in humans. Eighty-four subjects produced 5 unilateral static bites of different biting positions on molars and incisors, at two different sessions, while surface EMG activities were recorded from Temporalis, Masseter, and Suprahyoid muscles bilaterally. It was found that slopes of the EMG versus bite-force for a given biting situation were reliable for Masseter and Temporalis muscles. These results support the use of these outcome measurements for the estimation and validation of mechanical models of the masticatory system.
Ballenberger N. et al. (2012)52  did a cross sectional study with a repeated-measures designs performed using 25 asymptomatic subjects. EMG activity of the Masseter and Temporalis muscle was recorded bilaterally during clenching at neutral position and during extension and flexion. The EMG activity data was analysed and it was suggested that the upper cervical movements influence the activity of Masseter muscle more than Temporalis muscle.
Kant P.  et al (2014)53  assessed 40 patients with OSMF for cross-sectional thickness and activity of masseter, anterior temporalis and orbicularis oris muscles and compared with healthy controls using ultrasonography and electromyography . The results showed thickness and activity of the masseter muscle was significantly reduced in patients with mouth opening less than 20mm when compared with the control group. The anterior temporalis and the orbicularis oris muscles remained unaffected. The authors concluded that, among the muscles studied, there was an early involvement of the masseter muscle in patients with OSMF compared with that of other muscles.
Lianne Remijn et al (2016)69  did this study to determine the measurement reproducibility for a procedure evaluating the mastication process and to estimate the smallest detectable differences of 3D kinematic and surface electromyography (sEMG) variables. Kinematics of mandible movements and sEMG activity of the masticatory muscles were obtained over two sessions with four conditions: two food textures (biscuit and bread) of two sizes (small and large).  They included Twelve healthy adults (mean age 29.1 years) in the study. The second to the fifth chewing cycle of 5 bites were used for analyses. The reproducibility per outcome variable was calculated with an intra class correlation coefficient (ICC) and a Bland–Altman analysis was applied to determine the standard error of measurement relative error of measurement and smallest detectable differences of all variables. ICCs ranged from0.71 to 0.98 for all outcome variables. The outcome variables consisted of four bite and fourteen chewing cycle variables. The relative standard error of measurement of the bite variables was up to 17.3% for
‘time-to-swallow’, ‘time-to-transport’ and ‘number of chewing cycles’, but ranged from 31.5% to 57.0% for ‘change of chewing side’. The relative standard error of measurement ranged from 4.1% to 24.7% for chewing cycle variables and was smaller for kinematic variables than sEMG variables. They concluded that measurements using 3D kinematic and sEMG to assess mastication were reproducible. The variables ‘chewing cycle duration’ and ‘chewing frequency’ achieved the strongest results in terms of being reproducible whereas ‘change of chewing side’ was not identified as a reproducible variable.
2.5 BITE FORCE
Fields H. W. et al. (1986)54  performed a study to determine the extent of vertical opening, contralateral occlusal support, or head posture influenced vertical occlusal forces during swallowing, simulated chewing and maximum biting effort on three samples of subjects with normal vertical facial proportion. All of the children, adolescents and young adults were evaluated to determine the effects of changes in (2.5 vs. 6.0 mm) vertical separation of the first molars. A sample of young adults was used to evaluate changes in large (10-40 mm) vertical opening and a sample of adolescents to investigate the effect of contralateral support and head posture. In adults, there was significantly more force during swallowing at 6.0 than at 2.5 mm separation, but no difference was found in chewing or maximum biting. Increasingly large vertical openings resulted in a progressive increase in maximum bite force to a maximum at about 20 mm, followed by a decrease and then a second increase to near-maximum force at about 40 mm for young adults. There was no significant difference in vertical force with or without contralateral support or between flexed, normal and extended head postures at either of the small opening.
Ortu G. et al. (2002)55  presented a new device, developed and constructed for the determination of the masticatory forces based on the first experimental study defining the intra-oral forces which was performed by Borelli in 1681, who designed a “gnatodynamometer”. He attached different weights to a cord, which passed over the molar teeth of the open mandible, and with closing of the jaw, up to 200 kg were raised. The obtained results were related to intraoral forces and were similar to the values previously given in the literature. 
Bakke M. et al. (2006)56  stated that the bite force was one of the functional states of masticatory system that results from the action of jaw elevator muscles and modified by the craniomandibular biomechanics.
Chen L. et al. (2010)57  in their study of 52 subjects recorded unilateral bite force and EMG of temporalis and masseter muscle and suggested that human motor control is able transform a certain force perception acquired during chewing into a fairly reproducible isometric bite force.
2.6 RANGE OF MANDIBULAR MOVEMENTS 
Hannam A. G. et al. (1980)58 compared the measurements taken with the help of tongue blade measurements and with a mandibular kinesiograph (MKG) as the control group because of the accurate measurements obtained by this method. A calibration procedure was also done to compensate for the nonlinearity of the system, especially at wider openings.
Okenson J. P. et al. (1992)59  stated that the impairment of mandibular movement is a common sign in patients with OSMF. The study documented the validity & reliability of a “simplified” technique to measure the range of motion in which a Tongue Blade (TB) was used to mark and measure the maximum opening and eccentric movements. 
Goto T. K. et al. (1995)60  did a study on how jaw muscle insertions alter position during different jaw movements in living subjects. Maximum mandibular opening, protrusive and laterotrusive positions were recorded in four subjects, and the translation and rotation of the putative (generally accepted/considered) insertions of Masseter, Temporal, Medial, and Lateral Pterygoid muscles were measured. They concluded that the movements of each muscle part differ according to variations in the size and shape of insertion areas, individual musculoskeletal form, and patterns of jaw motion during function. The prediction of motion-related muscle mechanics in any one subject is unlikely to be possible without direct measurement of the motion of visualized muscle parts and when the jaw closed to the dental intercuspal position from maximum gape, the region near the superior insertion site of the masseter moved backward and upward, whereas the region near the inferior insertion site displaced mainly forward. In these subjects, the jaw's rotational center during the act was approximately 26–34 mm below the mandibular condyles. 

Warren C. R. M. et al. (1996)61 introduced a simplified technique to measure mandibular range of motion in 10 dentate subjects without symptoms. Their simplified technique consisted of marking the centric relation with the pencil and maximum right, left, and protrusive positions and maximum opening. These markings were made on a tongue blade held against the maxillary anterior teeth with the mesio-incisal embrasures between the mandibular central incisors used as a reference. Range of motion was also measured with a mandibular kinesiograph as the control. Each method was repeated five times on each subject.

Rivera-Morales W. C. et al. (1996)62  gave a simplified technique to measure mandibular range of motion. The simplified technique consisted of marking with a pencil the centric relation and maximum right, left, and protrusive positions and maximum opening. These markings were made on a tongue blade held against the maxillary anterior teeth with the mesio incisal embrasures between the mandibular central incisors used as a reference. Range of motion was also measured with a mandibular kinesiograph.
Dijkstra P. U. et al (1998)63  fixed a ratio between the vertical and the horizontal Range of Mandibular motion has been suggested, i.e. 4:1. Mandibular range of motion (ROM), vertical and horizontal, is often measured as a part of a diagnostic assessment of temporomandibular joint disorders. The ratio is frequently used to predict the vertical ROM on the basis of the horizontal ROM and vice versa. They found a mean ratio between vertical and horizontal ROM ranging from 6·0:1–6·6:1. On an individual basis the ratio ranged from 3·6–15·5. On the basis of these results it was concluded that the ratio between vertical and horizontal ROM is approximately 6:1 rather than 4:1, and that the ratio had poor predictive value. 
De Sousa L. M. et al. (2008)64  did a study that aimed to measure the mandibular range of motion (ROM) in Brazilian children of age ranging between 6 and 14 years, and to establish correlations among such variables. Mean mandibular ROM values showed significant increases (p < 0.05) in relation to age, height and weight, except for Right Lateral (p > 0.05), in the studied age range. Significantly smaller (p < 0.05) mean mandibular ROM values were observed for the intervals of 6 and 7 years of age, 1.15-1.35 m, and 17.30-26.50 kg, in relation to the other ranges.
Mito T. et al (2009)65  investigated the mandibular lateral translation (MLT) during asymmetric mandibular movement and to clarify the relationship between the occurrence of MLT and TMJ status. Lateral deviation of the condyle during the mandibular functional movement of 1658 patients were screened using computerized condylography where maximum lateral deviation during opening/closing, mastication, and grinding movements were calculated and found the occurring point of MLT in the condylar movement was in between 1 and 3.5 mm.

CHAPTER 3
MATERIALS AND METHODS
3.1 SOURCE OF THE STUDY
Patients diagnosed with Grade III and Grade IV Oral Submucous Fibrosis with significant reduction in mouth opening (less than 2 cm) and those who were clinically and radiologically diagnosed as having TMJ ankylosis, reporting to the OPD clinic at the Department of Oral and Maxillofacial surgery, Babu Banarasi Das College of Dental Sciences, Lucknow were selected for study irrespective of cast, creed, sex and socio-economic status.
Patients were divided into two groups and were further divided into two sub groups of 15 patients each
Group 1.  	TMJ ankylosis.
a. Arthrectomy with interpositional arthoplasty without coronoidectomy .
b.  Arthrectomy with interpositional arthoplasty with coronoidectomy   .
Group 2. 	OSMF.
a. Resection of fibrous bands with interpositioning of  buccal pad of fat.
b. Resection of fibrous bands, interpositioning of buccal pad fat pad with coronoidectomy .




3.1.1 INCLUSION CRITERIA
1. Patients of Oral Submucous Fibrosis with < 20mm mouth opening (according to Khanna and Andrade)5 and increased coronoid:condyle ratio. 
According to Chang C. C. et al.11 in normal individual the coronoid:condyle ratio measure was less than or equal to 0.5. 
Coronoid:Condyle Ratio (CCR) was calculated to evaluate coronoid on an OPG following assessment criteria given by Chang C. C. et al. (2012)11. 
Coronoidectomy was done in case with an increased coronoid:condyle ratio(more than 0.5) Material and Method 20 
[image: ]
Fiq. No. 3.1 Coronoid:Condyle Ratio
According to Gupta S. et al. (2012)12 a line was drawn perpendicular to the posterior border of ramus of mandible passing through deepest point of the sigmoid notch. The length of both the processes were measured from the superior most point of coronoid and condyle, and coronoid/condyle ratio (CCR) was calculated. The CCR of both ipsilateral as well as contralateral side were calculated and compared. 
2. Patients of TMJ ankylosis with significant reduction in mouth opening
3.1.2 EXCLUSION CRITERIA-
a. Patients who were medically compromised. 
b. Patients not willing to participate in the study.
Preoperative assessment included a thorough history and physical examination, measurement of maximal incisor opening (MIO), photographs. Clinical parameters assessed were : mouth opening, lateral excursion, Electromyographic Activity of Temporalis Muscle [measured in μV (microvolts)] and Bite Force [measured in Kgs (Kilograms)] at day 7, day 15, day 90, and six month follow up. Radiographic analysis included OPG.
3.2 AIM OF THE STUDY
To evaluate the functional movements of mandible post coronoidectomy
3.3 OBJECTIVES :
1. Bite force measurement
2. Measuring and comparing the range of mandibular movements
3. Electromyographic study
3.4 SURGICAL PROCEDURE
Patient was laid supine on OT table and part preparation was done intraorally with betadine and extraorally with savalon and betadine and draped with sterile drapes. The procedure was done under general anesthesia using nasotracheal intubation and 2% lignocaine with 1:80,000 adrenaline was used for local infiltration
3.5 CORONOIDECTOMY IN SUBMUCOUS FIBROSIS
Using Bard Parker no. 15 blade intraoral incision was given bilaterally along the buccal mucosa at the level of occlusal plane 1 cm from the corner of mouth and extended posteriorly up to the anterior faucial pillars. Fibrous bands were then excised,without coronoidectomy in sub group (a)and with coronoidectomy in sub group (b).Maximum mouth opening was measured with help of measuring scale. Extraction of the third molars was done whenever required. The coronoid process was approached through the same incision; coronoid was made free of temporalis tendon. Coronoid was then held with Kocher’s forceps and the osteotomy was performed using AO auscilating saw/osteotome and mallet. After completion of osteotomy, the coronoid was removed. 
After bilateral coronoidectomy, maximum mouth opening was recorded. The defect in the buccal mucosa was interposed with buccal fat of pad (BFP) and sutured with 3-0 vicryl suture (round body needle). 
3.6 CORONOIDECTOMY IN TMJ ANKYLOSIS
Temporal scalp was shaved to a distance of 6mm above and forward of the helix.The TMJ region was exposed through standard al kayat bramley incision Resection of ankylotic mass from base of sigmoid notch to posterior border of mandible with interpositonig of temporal facia in sub group (A) and bilateral coronoidectomy from 5mm below sigmoid notch to posterior border of mandible performed in sub group( B)
The flap was sutured medially, anteriorly and posteriorly  to soft tissue with 4.0 vicryl. A suction vacuum drain was inserted for 48 hours .
3.7 EMG MEASUREMENT 
a) EMG Equipment 
b) Placement of surface electrode 
c) EMG recording 

3.8 MATERIAL AND METHOD 
3.8.1 EMG Equipment 
EMG activity was recorded on a four channel instrument (Neuromatrix EMG system, U.S.A). It consists of 3 electrodes, recording machine/amplifier, Display unit. The EMG analog signal was amplified with an input of 0 to 1000μV with the analysis time of 10 ms/div and digitally filtered at the range of 200 Hz to 2 KHz to remove the high frequency signal above 2 KHz. The instrument was directly interfaced with a computer which presented the data graphically and recorded them on magnetic media for further quantitative and qualitative analysis. (Fig. 6) 
3.8.2 Placement of surface electrode 
Bipolar surface electrodes were positioned on temporalis and masseter muscle. The electrodes on the temporalis muscle were fixed vertically along the anterior margin of the muscle. The masseter electrodes were placed parallel to the muscle fibres, while a ground electrode was attached to the right wrist/in the centre of the frontal bone. To reduce electrode impedance, the skin was carefully cleaned prior to the electrode placement and the recordings were performed 5-6 minutes later, after allowing the conductive paste to adequately moisten the skin surface. 
During testing, silver/silver chloride bipolar electrodes with a diameter of 10 mm and inter-electrode distance of 5cm were used. 
3.8.3 EMG recording 
During the procedure the patient was instructed to bite forcefully (recruitment) in maximum intercuspation. Three bite recordings were made at 30 second intervals. Each of three recordings was analysed for peak amplitude and duration of the longest well-formed wave and was subjected to statistical analysis. 
3.8.4 Bite Force Measurement Protocol 
All the measurements were made with subject seated with the head upright, looking forward and in an unsupported natural head position. Bite force blade was covered with loosely fitted latex glove and then the patient was instructed to bite on the blade of the bite force gauge to the maximum level. This was accomplished by instructing the subject to bite as forcefully as possible. This was done three times and maximum value of bite force was recorded. Bite force was measured in incisors and right and left molar regions. 



3.9 ARMAMENTARIUM USED IN THE STUDY
1. All the basic and advanced instruments used in Oral and Maxillofacial surgery.
2. Synthes e pen with oscillating saw and reciprocation saw attachments 
3. Instruments used in ORIF in maxillofacial region
Table No. 3.1  Armamentarium 
	Mouth mirror and probe
	Needle holder

	Metallic scale
	Mosquito forceps

	Metzenbaum scissor
	Mouth prop

	Priosteal elevator-Howarth's
	Langenback's retractor 

	Periosteal elevator-Molt's
	Erich arch bar

	Tissue holding forceps
	Wire twister

	Suture cutting scissors
	Screw holder

	Plate bender 
	Suture materials 2,0,3-0 Vicryl

	Bard parker handle-No.3
	Suture material Silk 2-0,3-0

	Blade-No. 15
	Disposable syringe

	Tongue retractor
	Monopolar electrocautery

	Micro motor and straight hand piece 
	Carborundum disk and mandrel

	drill bits 1.5mm diameter
	

	Heister mouth gag
	







TOOLS FOR STATISTICAL ANALYSIS
Formula used for the analysis
A. The Arithmetic Mean 

The most widely used measure of central tendency is arithmetic mean, usually referred to simply as the mean, calculated as
 (
X = 
) (
∑
i=1
n
X
i
n
)
B. The Standard Deviation
The standard deviation (SD) is the positive square root of the variance, and calculated as 
 (
SD = 
) (
∑ X 
i
2
- 
(∑X
i
)
2
n
n-1
)
where, n= no. of observations
and also denoted by subtracting minimum value from maximum value as below
C. Tests of significance
Test of significance are used to estimate the probability that the relationship observed in the data occurred purely by chance was there a relationship between the variables. They are used to test the hypothesis proposed at the start of the study. 

In this study Parametric tests were used
a. The data  was normally distributed
b. The data  was obtained from the sample which is randomly selected 
c. The data  was quantitative data 
I. T TEST. 
T tests are based on the t distribution which is a symmetrical, bell-shaped curve like the normal distribution, but having different area and probability properties. 
 T distribution is a family of curves which are differentiated by their degrees of freedom. 
 With increasing sample sizes, the t distribution assumes the shape of the normal distribution. 2 A sample size of 100 is often chosen as the cut-off point for deciding when to apply For t or z. 
TYPES OF T TESTS INDICATIONS. 
a) Paired T Test
The paired t test is used to decide whether the differences between variables measured on the same or similarly matched individual are on average zero.  As the data are matched there must be an equal number of observations in each sample. 
Assumption. The paired t-test assumes that the differences in scores between pairs are approximately normally distributed, although the two sets of data under scrutiny do not need to be normally distributed. 
b) Unpaired or two-sample t test (equal variance assumed) 
	The unpaired t test is used for comparing two independent groups of observations when 	no suitable pairing of the observations is possible.The samples do not need to be of equal 	sizes. 
Assumptions. The test requires the populations to be normally distributed with equal variance, though the test is relatively robust to deviations from these assumptions. Unpaired t test or two-sample t test (unequal variance) 
When the variances of the two groups differ and transformation does not produce equal variance, the calculation of the t test becomes more complex.  Instead of using the pooled variance, estimates of the individual population variances are used
Formula: 
	[image: https://web.mst.edu/~psyworld/virtualstat/t/t.gif]
	M =mean 
n = number of scores per group

	[image: https://web.mst.edu/~psyworld/virtualstat/t/s2.gif]
	x = individual scores
M = mean
n= number of scores in group


· Define the problem
· State null hypthesis(H0) & alternate hypothesis(H1)
· Find t value, Find (X1 - X2)
· Calculate SE of difference between two means
SE = σ√1/n1+1/n2 or
t  = (X1 - X2) / SE
· Calculate degree of freedom = n1 + n2 - 2
· Fix the level of significance (0.05)
· Compare calculated value with table value at corresponding degrees of freedom and significance level
· If observed t value is greater than theoritical t value, t is significant, reject null hypothesis and accept alternate hypothesis

Statistical significance
[bookmark: _GoBack]Level of significance "p" is level of significance signifies as below:
p > 0.05 	Not significant (ns)
p <0.05	Just significant (*)
p <0.01	Moderate significant (**)
             p <0.001	Highly significant (***)




CHAPTER 4
RESULTS & OBSVERVATION
4.1 DATA ANALYSIS
Data was analyzed using Statistical Package for Social Sciences (SPSS) version 21, IBM Inc. Descriptive data was reported for each variable. Descriptive statistics such as mean and standard deviation for continuous variables and frequency along with percentages of categorical variables were calculated.
Summarized data was presented using Tables and Graphs. Shapiro Wilk test was used to check which all variables were following normal distribution.  Data was found to be normally distributed distributed (p-value was more than 0.05). Therefore, bivariate analyses was performed using the parametric tests i.e  Independent t test (for comparing two independent  groups). Level of statistical significance was set at p-value less than 0.05.
Table 4.1: Background variables

	
	Frequency
	Percent

	
	


Subjects with OSMF
	Without coronoidectomy 
	15
	22.1

	
	
	With coronoidectomy 
	15
	22.1

	
	Subjects with TMJ ankylosis
	Without coronoidectomy 
	15
	22.1

	
	
	With coronoidectomy 
	15
	22.1

	
	Total
	60
	88.2



[image: ]
Fig. 4.1 Background variables


Table 4.2: Demographic data
	Groups 
	
	Males
	Females 
	Total 

	Subjects with OSMF
	N
	18
	12
	30

	
	%
	60
	40
	100

	Subjects with TMJ ankylosis
	N
	19
	11
	30

	
	%
	63.3
	36.6
	100

	Total 
	N
	37
	23
	60

	
	%
	61.6
	38.3
	100




Fig. 4.2Genderwise distribution according to groups

Table 4.3: Mean age of the study population’
	
	Mean 
	SD

	Subjects with OSMF
	47.27
	8.20

	Subjects with TMJ ankylosis
	24.33
	4.75

	P value 
	0.02*




Fig. 4.3 Mean age in years
Table 4.4: Distribution of study population according to mean mouth opening at different time intervals in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning

	Mouth opening

	
	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P value 

	Pre-operative
	Without coronoidectomy 
	15
	12.6933
	2.93853
	.75872
	0.223 NS

	
	With coronoidectomy 
	15
	14.1067
	3.26529
	.84309
	

	Intra-operative
	Without coronoidectomy 
	15
	30.4347
	6.16618
	1.59210
	<0.0001S


	
	With coronoidectomy 
	15
	40.4667
	4.13809
	1.06845
	

	Day 7

	Without coronoidectomy 
	15
	18.6607
	4.81641
	1.24359
	<0.0001 S

	
	With coronoidectomy 
	15
	32.2147
	3.05143
	.78788
	

	Day 15
	Without coronoidectomy 
	15
	27.2927
	5.69662
	1.47086
	<0.0001 S

	
	With coronoidectomy 
	15
	35.2487
	4.59932
	1.18754
	

	Day 90
	Without coronoidectomy 
	15
	31.2447
	3.40704
	.87969
	<0.0001 S

	
	With coronoidectomy 
	15
	35.6187
	1.47761
	.38152
	

	6 Months
	Without coronoidectomy 
	15
	31.8667
	2.66905
	.68914
	<0.0001 S

	
	With coronoidectomy 
	15
	40.3767
	3.77054
	.97355
	





Fig 4.4: Mean mouth opening in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning

TABLE 4.5 Distribution of study population according to mean mouth opening at different time intervals in TMJ ankylosis patients along with interpositional arthroplasty
	Mouth opening
	

	TMJ GROUP
	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P value 

	Pre-operative
	Without coronoidectomy 
	15
	6.2000
	2.30527
	.59522
	0.055 NS

	
	With coronoidectomy 
	15
	8.4667
	3.73911
	.96543
	

	
	With coronoidectomy 
	15
	41.1333
	2.64215
	.68220
	



continued on page no. 63

Table 4.5 (continued ) 
	Intraop-erative 
	Without coronoidectomy 
	15
	30.6907
	5.17190
	1.33538
	0.000 NS

	
	With coronoidectomy 
	15
	39.3040
	3.90416
	1.00805
	

	Day 7

	Without coronoidectomy 
	15
	25.0000
	6.26783
	1.61835
	0.001 S

	
	With coronoidectomy 
	15
	31.6000
	2.29285
	.59201
	

	Day 15
	Without coronoidectomy 
	15
	25.7333
	6.19293
	1.59901
	0.001 S

	
	With coronoidectomy 
	15
	31.8667
	1.99523
	.51517
	

	Day 90
	Without coronoidectomy 
	15
	32.2667
	5.07749
	1.31100
	0.000 S

	
	With coronoidectomy 
	15
	40.2000
	4.45934
	1.15140
	

	6 Months
	Without coronoidectomy 
	15
	33.1333
	5.06905
	1.30882
	0.000 S





Fig. 4.5: Mean mouth opening at different time intervals in TMJ ankylosis
patients along with interpositional arthroplasty
TABLE 4.6:  Distribution of study population according to Bite force at different time intervals in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning
	Bite force-OSMF GROUP
	

	OSMF
	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P value 

	Day 1
Right 
	Without coronoidectomy 
	15
	11.8347
	1.50763
	.38927
	0.389NS

	
	With coronoidectomy 
	15
	11.3593
	1.46909
	.37932
	

	Day 1
Left 
	Without coronoidectomy 
	15
	11.8033
	1.41762
	.36603
	0.350 NS

	
	With coronoidectomy 
	15
	11.4040
	.79862
	.20620
	

	Day 7
Right

	Without coronoidectomy 
	15
	8.8607
	1.24243
	.32079
	0.859 NS




	
	With coronoidectomy 
	15
	8.7320
	2.49205
	.64345
	

	Day 7 left 
	Without coronoidectomy 
	15
	8.5647
	1.39516
	.36023
	0.681 N S

	
	With coronoidectomy 
	15
	8.8113
	1.82795
	.47198
	

	90 days 
Right 
	Without coronoidectomy 
	15
	15.4995
	5.11687
	1.32117
	0.832 NS

	
	With coronoidectomy 
	15
	15.8574
	3.94081
	1.01751
	

	90 days 
Left 
	Without coronoidectomy 
	15
	14.7735
	4.36634
	1.12739
	0.131 NS

	
	With coronoidectomy 
	15
	17.8053
	6.15443
	1.58907
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Table 4.6 (continued ) 
	6 months right 
	Without coronoidectomy 
	15
	23.8687
	8.80778
	2.27416
	0.921 NS

	
	With coronoidectomy 
	15
	23.5558
	8.28568
	2.13935
	

	6 months 
Left
	Without coronoidectomy 
	15
	24.1820
	7.90273
	2.04048
	0.975 NS

	
	With coronoidectomy 
	15
	24.2720
	7.39228
	1.90868
	






Fig. 4.6: Bite force in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning


TABLE 4.7: Distribution of study population according to mean bite force at different time intervals in TMJ ankylosis patients along with interpositional arthroplasty

	Bite force-TMJ GROUP
	

	TMJ
	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P value 

	Day 1
Right

	Without coronoidectomy 
	15
	11.1553
	2.32647
	.60069
	0.883 NS




	
	With coronoidectomy 
	15
	11.3113
	3.31879
	.85691
	

	Day 1 left 
	Without coronoidectomy 
	15
	10.9933
	2.78503
	.71909
	0.677 N S

	
	With coronoidectomy 
	15
	11.3487
	1.70598
	.44048
	

	Day 7 right 
	Without coronoidectomy 
	15
	12.9512
	6.30057
	1.62680
	0.344 NS

	
	With coronoidectomy 
	15
	15.3983
	7.55937
	1.95182
	

	Day 7 left
	Without coronoidectomy 
	15
	15.8640
	5.30834
	1.37061
	0.613 NS

	
	With coronoidectomy 
	15
	14.9560
	4.36805
	1.12783
	

	90 days 
Right 
	Without coronoidectomy 
	15
	21.4719
	7.09997
	1.83320
	0.916 NS

	
	With coronoidectomy 
	15
	21.7651
	7.92724
	2.04681
	

	90 days 
Left 
	Without coronoidectomy 
	15
	19.1360
	5.16110
	1.33259
	0.696 NS

	
	With coronoidectomy 
	15
	18.2233
	7.33461
	1.89379
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Table 4.7 (continued ) 
	6 months right 
	Without coronoidectomy 
	15
	20.5411
	8.83178
	2.28035
	0.407 NS

	
	With coronoidectomy 
	15
	23.4101
	9.82318
	2.53634
	

	6 months 
left
	Without coronoidectomy 
	15
	20.9100
	8.41562
	2.17290
	0.988 NS

	
	With coronoidectomy 
	15
	20.9633
	10.15888
	2.62301
	






Fig. 4.7: Mean bite force in TMJ ankylosis patients along with interpositional arthroplasty

TABLE 4.8: Distribution of study population according to EMG readings at different time intervals in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning

	EMG-OSMF
	

	OSMF


	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P Vlue 

	Right temporalis

	Preop

	Without coronoidectomy 
	15
	219.400
	192.1461
	49.6119
	0.305 NS

	
	With coronoidectomy 
	15
	289.900
	227.0754
	58.6306
	

	7 day 
	Without coronoidectomy 
	15
	243.567
	125.6301
	32.4376
	0.367 NS

	
	With coronoidectomy 
	15
	299.033
	138.1960
	35.6820
	

	90 days 
	Without coronoidectomy 
	15
	370.1333
	134.57041
	34.74593
	0.683 NS

	
	With coronoidectomy 
	15
	395.7667
	141.39116
	36.50704
	

	6 months 
	Without coronoidectomy 
	15
	493.1667
	93.24960
	24.07694
	0.870 NS

	
	With coronoidectomy 
	15
	492.1333
	102.91232
	26.57185
	

	Left  temporalis

	Pre-op 
	Without coronoidectomy 
	15
	187.367
	126.9082
	32.7676
	0.126NS

	
	With coronoidectomy 
	15
	260.633
	136.0543
	35.1291
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Table 4.8 (continued ) 
	7 days 
	Without coronoidectomy 
	15
	251.933
	127.8132
	33.0012
	0.126 NS

	
	With coronoidectomy 
	15
	317.967
	142.6492
	36.8319
	

	 days
	Without coronoidectomy 
	15
	441.467
	136.2893
	35.1897
	0.775 NS

	
	With coronoidectomy 
	15
	460.433
	147.2914
	38.0305
	

	6 months
	Without coronoidectomy 
	14
	536.750
	124.0541
	33.1548
	0.616 NS

	
	With coronoidectomy 
	13
	509.231
	106.0801
	29.4213
	

	Right masseter

	Pre-op 
	Without coronoidectomy 
	15
	208.600
	84.9242
	21.9273
	0.713NS

	
	With coronoidectomy 
	15
	218.500
	85.2234
	22.0046
	

	7 days 
	Without coronoidectomy 
	15
	305.900
	100.5068
	25.9507
	0.870 NS

	
	With coronoidectomy 
	15
	319.300
	126.9092
	32.7678
	

	90 days
	Without coronoidectomy 
	15
	375.300
	168.5646
	43.5232
	0.539 NS

	
	With coronoidectomy 
	15
	396.100
	152.9557
	39.4930
	

	6 months
	Without coronoidectomy 
	15
	510.300
	99.8266
	25.7751
	0.806 NS

	
	With coronoidectomy 
	15
	493.600
	123.4686
	31.8795
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Table 4.8 (continued ) 
	Left masseter

	Pre-op 
	Without coronoidectomy 
	15
	217.700
	158.8758
	41.0216
	0.267 NS

	
	With coronoidectomy 
	15
	285.800
	190.8688
	49.2821
	

	7 days 
	Without coronoidectomy 
	15
	305.067
	135.9962
	35.1141
	1.000 NS

	
	With coronoidectomy 
	15
	298.933
	128.9868
	33.3043
	

	90 days
	Without coronoidectomy 
	15
	394.633
	107.8725
	27.8526
	0.325 NS

	
	With coronoidectomy 
	15
	423.767
	105.4985
	27.2396
	

	6 months
	Without coronoidectomy 
	15
	488.200
	74.4314
	19.2181
	0.461 NS

	
	With coronoidectomy 
	15
	468.900
	69.5630
	17.9611
	





Fig. 4.8 EMG readings of Right temporalis at different time intervals in OSMF patients

Fig. 4.9 EMG readings of  Left temporalis at different time intervals in OSMF patients

Fig. 4.10 EMG readings of Right Masseter  at different time intervals in OSMF patients

Fig. 4.11 EMG readings of Left Masseter at different time intervals in OSMF patients
TABLE 4.9: Distribution of study population according to mean EMG readings at different time intervals in TMJ ankylosis patients along with interpositional arthroplasty

	EMG-TMJ
	

	TMJ


	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P value 

	Right temporalis

	Preop

	Without coronoidectomy 
	15
	281.567
	230.0262
	59.3925
	0.122 NS

	
	With coronoidectomy 
	15
	175.067
	118.1372
	30.5029
	

	7 day 
	Without coronoidectomy 
	15
	255.400
	119.0327
	30.7341
	0.893 NS

	
	With coronoidectomy 
	15
	261.867
	141.3094
	36.4859
	

	90 days 
	Without coronoidectomy 
	15
	386.1333
	137.75619
	35.56849
	0.557 NS

	
	With coronoidectomy 
	15
	356.1000
	139.28801
	35.96401
	

	6 months 
	Without coronoidectomy 
	15
	489.3667
	103.38563
	26.69405
	0.759 NS

	
	With coronoidectomy 
	15
	500.2667
	89.05313
	22.99342
	

	Left  temporalis

	Pre-op 
	Without coronoidectomy 
	15
	225.800
	126.9015
	32.7658
	0.421 NS

	
	With coronoidectomy 
	15
	187.467
	130.1792
	33.6121
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Table 4.9 (continued ) 
	7 days 
	Without coronoidectomy 
	15
	275.933
	121.3687
	31.3373
	0.977 NS

	
	With coronoidectomy 
	15
	274.467
	155.2164
	40.0767
	

	90 days
	Without coronoidectomy 
	15
	431.800
	132.0533
	34.0960
	0.685 NS

	
	With coronoidectomy 
	15
	453.267
	154.2303
	39.8221
	

	6 months
	Without coronoidectomy 
	14
	530.423
	129.1894
	35.8307
	0.794 NS

	
	With coronoidectomy 
	13
	518.857
	97.8418
	26.1493
	

	Right masseter

	Pre-op 
	Without coronoidectomy 
	15
	232.267
	87.1685
	22.5068
	0.226 NS

	
	With coronoidectomy 
	15
	194.867
	77.9836
	20.1353
	

	7 days 
	Without coronoidectomy 
	15
	300.967
	127.4704
	32.9127
	0.569 NS

	
	With coronoidectomy 
	15
	323.900
	86.8914
	22.4353
	

	90 days
	Without coronoidectomy 
	15
	399.300
	163.6695
	42.2593
	0.574 NS

	
	With coronoidectomy 
	15
	365.433
	162.4459
	41.9434
	

	6 months
	Without coronoidectomy 
	15
	482.233
	119.7296
	30.9140
	0.469 NS

	
	With coronoidectomy 
	15
	511.667
	98.7511
	25.4974
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Table 4.9 (continued ) 
	Left masseter

	Pre-op 
	Without coronoidectomy 
	15
	256.133
	154.2013
	39.8146
	0.863 NS

	
	With coronoidectomy 
	15
	244.567
	204.7305
	52.8612
	

	7 days 
	Without coronoidectomy 
	15
	286.767
	129.9032
	33.5409
	0.505 NS

	
	With coronoidectomy 
	15
	319.167
	130.4886
	33.6920
	

	90 days
	Without coronoidectomy 
	15
	416.133
	111.7258
	28.8475
	0.407 NS

	
	With coronoidectomy 
	15
	383.600
	99.6919
	25.7403
	

	6 months
	Without coronoidectomy 
	15
	483.200
	66.5692
	17.1881
	0.845 NS

	
	With coronoidectomy 
	15
	488.733
	85.5419
	22.0868
	




Fig. 4.12 Mean EMG readings of Right temporalis at different time intervals in TMJ Ankylosis patients

Fig. 4.13 Mean EMG readings of Left temporalis at different time intervals in TMJ Ankylosis patients


Fig. 4.14 Mean EMG readings of Right Masseter at different time intervals in TMJ Ankylosis patients

Fig. 4.15 Mean EMG readings of Left Masseter at different time intervals in TMJ Ankylosis patients



TABLE 4.10 Distribution of study population according to mean lateral excursion at different time intervals in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning

	Lateral excursion – osmf
	

	
	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P VALUE 

	RIGHT SIDE

	Day 1
	Without coronoidectomy 
	15
	2.7333
	.96115
	.24817
	0.019 S

	
	With coronoidectomy 
	15
	3.7267
	1.20681
	.31160
	

	Day 7
	Without coronoidectomy 
	15
	3.6520
	1.11943
	.28904
	0.143 NS

	
	With coronoidectomy 
	15
	4.1707
	.72130
	.18624
	

	90 Days 
	Without coronoidectomy 
	15
	3.6060
	1.05660
	.27281
	0.014 S

	
	With coronoidectomy 
	15
	4.0120
	1.30696
	.33746
	

	6 months
	Without coronoidectomy 
	15
	5.5333
	.55891
	.14431
	0.000 S

	
	With coronoidectomy 
	15
	6.4133
	.69782
	.18018
	

	LEFT SIDE

	Day 1
	Without coronoidectomy 
	15
	3.1333
	1.06010
	.27372
	0.164 NS

	
	With coronoidectomy 
	15
	3.7267
	1.20681
	.31160
	

	Day 7
	Without coronoidectomy 
	15
	2.6573
	1.06521
	.27504
	0.522 NS

	
	With coronoidectomy 
	15
	2.9440
	1.33870
	.34565
	

	90 Days 
	Without coronoidectomy 
	15
	3.6787
	1.63374
	.42183
	0.910 NS

	
	With coronoidectomy 
	15
	3.7453
	1.57986
	.40792
	

	6 months
	Without coronoidectomy 
	15
	5.7267
	.64969
	.16775
	0.003 S

	
	With coronoidectomy 
	15
	6.4133
	.69782
	.18018
	



Fig. 4.16: Mean lateral excursion in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning right side.

Fig. 4.17: Mean lateral excursion in OSMF patients together with resection of fibrous bands with buccal pad of fat inter-positioning left side. 

TABLE 4.11: Distribution of study population according to mean Lateral excursion  at different time intervals in TMJ ankylosis patients along with interpositional arthroplasty
	Lateral excursion  TMJ
	

	
	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean
	P VALUE 

	RIGHT SIDE

	Day 1
	Without coronoidectomy 
	15
	3.6600
	1.10117
	.28432
	0.412 NS

	
	With coronoidectomy 
	15
	3.3333
	1.04654
	.27021
	

	Day 7
	Without coronoidectomy 
	15
	4.0720
	.49082
	.12673
	0.045S

	
	With coronoidectomy 
	15
	3.6507
	.60061
	.15508
	

	90 Days 
	Without coronoidectomy 
	15
	3.7060
	1.06609
	.27526
	0.928 NS

	
	With coronoidectomy 
	15
	3.7453
	1.29404
	.33412
	

	6 months
	Without coronoidectomy 
	15
	6.5267
	.65298
	.16860
	0.014S

	
	With coronoidectomy 
	15
	5.9067
	.64969
	.16775
	

	LEFT SIDE

	Pre-op
	Without coronoidectomy 
	15
	3.6600
	1.10117
	.28432
	0.331 NS

	
	With coronoidectomy 
	15
	3.3333
	1.04654
	.27021
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Table 4.11 (continued ) 
	Day 1
	Without coronoidectomy 
	15
	2.7253
	1.09957
	.28391
	0.412 NS

	
	With coronoidectomy 
	15
	2.8240
	.82081
	.21193
	

	Day 7
	Without coronoidectomy 
	15
	3.3727
	1.37074
	.35392
	0.783 NS

	
	With coronoidectomy 
	15
	3.4787
	1.51985
	.39242
	

	90 Days 
	Without coronoidectomy 
	15
	6.5267
	.65298
	.16860
	0.842 NS

	
	With coronoidectomy 
	15
	5.9067
	.64969
	.16775
	

	6 months
	Without coronoidectomy 
	15
	5.7267
	.64969
	.16775
	0.014 NS

	
	With coronoidectomy 
	15
	6.4133
	.69782
	.18018
	




Fig. 4.18: Mean Lateral excursion  at different time intervals in TMJ ankylosis patients along with interpositional arthroplasty right side.

Fig. 4.19: Mean Lateral excursion  at different time intervals in TMJ ankylosis patients along with interpositional arthroplasty left side.
	


CHAPTER 5
DISCUSSION
Coronoidectomy is recommended in conditions where there is trismus or there are chances of incurring trismus due to temporalis muscle spasm. Temporalis muscle originates from the inferior temporal line and temporal fascia. It inserts as a tendon on coronoid prosess and anterior border of ramus of mandible as far inferiorly and anteriorly behind third molar.
The primary objectives of the treatment of jaw-restrictive disorders are the establishment of joint movement, prevention of relapse, and restoration of a harmonious occlusion and appearance to achieve normal growth and occlusion.1–3 Although attaining all of these goals is important, achieving adequate mouth opening for normal jaw function is considered to be the primary and most important goal, because most patients are more concerned about mouth opening.
While planning the treatment of jaw-restrictive disorders, the important anatomical consideration of an elongated coronoid process has to be kept in mind. Along with an elongated coronoid, there is often also hyperactivity of the temporalis muscle.  All these factors have a role in inhibiting jaw movements. During mandibular opening, the coronoid process passes antero-inferiorly between the zygomatic arch and the lateral surface of the maxilla. If its pathway is impeded, it will not slide smoothly, which will result in difficulty in mouth opening. Hence, even
after removal of the ankylotic mass in TMJ ankylosis or fibrotic bands in OSMF, adequate mouth opening is sometimes not achieved. Generally, either the elongation of the process or an encroachment of fibrous tissue causes the coronoid impedence.
Although the coronoidectomy is employed frequently as a procedure to augment mouth opening after ostectomy, no quantitative evaluation of the incremental improvement in function associated with this procedure has been carried out to date, particularly in long standing jaw-restrictive disorders.
In the management of OSMF, coronoidectomy plays an important role in increasing mouth opening. Caniff JP et al (1986)3 recommended temporal myotomy or coronoidectomy to release severe trismus caused by the atrophic changes in the tendon of temporalis muscle secondary to the disease.
Pindborg J J and Sirsat, 196670 defined submucous fibrosis as an insidious, chronic disease affecting any part of the oral cavity and sometimes the pharynx. Although occasionally preceded by and/or associated with vesicle formation, it is always associated with a juxta-epithelial inflammatory reaction followed by a fibroblastic change of the lamina propria, with epithelial atrophy leading to stiffness of the oral mucosa and causing trismus and inability to eat. 
As OSMF is a chronic, progressive, insidious, irreversible disorder, its treatment is based on the severity of the disease. Typically, if the disease is noted before the development of trismus, Kumar A. et al., 200771; Aziz S. R., 200872 advised conservative management. Once trismus has developed, the goal of therapy is to maintain oral function. In such cases, surgical intervention is essential, with excision of fibrous bands followed by ipsilateral/bilateral coronoidectomy; Gupta H. et al. (2014)2. 
Temporalis muscle, being an important muscle of mastication, is also responsible for elevation of the jaw. Over activity of this masticatory muscle, leads to muscle spasm. Thus, in cases of OSMF, excessive glycogen consumption leads to atrophy in the tendons of temporalis muscle. This increase in muscle activity and diminished blood supply leads to muscle degeneration and fibrosis (Gollnick et al.,1974)1, secondary to the disease leading to trismus. Canniff J. P. et al 19863;
Khanna J. N. et al., 19954; Chang Y. M. et al., 200473 and Borle R. M. et al. (2009)33 recommended masticatory muscle myotomy and coronoidectomy as adjuvant procedures to relieve trismus in stage III and IV OSMF to facilitate aggressive postoperative rehabilitation and maintain adequate mouth opening for relapse free, long term results. The treatment of this disease is based on its severity. Typically, if the disease is noted before the development of trismus, Kumar A. et al., 200771; Aziz S. R., 200872 advised conservative management. Once trismus has developed, the goal of therapy is to maintain oral function. In such cases, surgical intervention is essential, with excision of fibrous bands followed by ipsilateral/bilateral coronoidectomy Gupta H. et al. (2014)2.
On performing coronoidectomy, mechanical obstruction in functioning of mandible is removed which may be due to elongated coronoid impinging on zygomatic arch and also releasing the secondary factor i.e. the spasm of temporalis muscle which is being released by coronoidectomy as it follows stripping of the posterior fibers of the temporalis muscle. Temporalis muscle, being an important muscle of mastication, is also responsible for elevation of the jaw; and performing coronoidectomy involves detachment of posterior part of the temporalis muscle while the anterior part of the temporalis muscle remains attached to the anterior border of the ramus, that may have an effect on mandibular function.
5.1 MAXIMUM MOUTH OPENING 
Preoperative mouth opening of the cases included in this study was less than 15mm whereas some cases had a mouth opening of >15 mm; suggestive of moderately advanced OSMF (Stage III). The difference between mean preoperative mouth opening of subgroup a (without coronoidectomy ) and in subgroup b (with coronoidectomy) was non significant. Kothari M. C. et al. (2012)36 reported a mean preoperative mouth opening of 14.7 mm, Agrawal D. et al., (2012)74 reported a mean preoperative mouth opening of 10.24 mm and Khalam S. A. et al., (2013)75 reported a mean maximum mouth opening of 12.3 mm.
Each patient underwent bilateral excision of fibrous bands followed by bilateral coronoidectomy under general anesthesia and closure of wound was done using Buccal Pad of Fat (BFP). Canniff J. P. et al,. 19863; Khanna J. N. et al., 19954; Chang Y. M. et al., (2004)73 and Borle R. M. et al. (2009)33 recommended masticatory muscle myotomy and coronoidectomy as adjuvant procedures to release trismus in stage III and IV OSMF to facilitate aggressive postoperative rehabilitation and maintain adequate mouth opening for relapse free, long term results. 
5.1.1 Group 1: OSMF 
Intraoperatively a mean of 30.43 mm maximum mouth opening was achieved after fibrous band resection in subgroup A and  40.46 mm in subgroup B after resection of fibrous bands along with coronoidectomy. Maximum mouth opening was achieved more in subgroup B as compare to subgroup A and it was found significant (p=<0.0001). Canniff J. P. et al,. 19863 ; Khanna J. N. et al., 19954; Chang Y. M. et al.,200473 and Borle R. M. et al. (2009)33 recommended masticatory muscle myotomy and coronoidectomy as adjuvant procedures to release trismus in stage III and IV OSMF to facilitate aggressive postoperative rehabilitation and maintain adequate mouth opening for relapse free, long term results. Kothari M. C. et al. (2012)36 evaluated coronoidectomy, masticatory myotomy and buccal fat pad graft in advanced (Stage III–IV) oral sub mucous fibrosis (OSF), where a mean of 32.5 mm maximum mouth opening at 12 months postoperatively was achieved.
At final evaluation (day 180) a mean of 31.86 mm maximum mouth opening was achieved in subgroup A and  40.37 mm in subgroup B. Maximum mouth opening was achieved more in subgroup B as compare to subgroup A and it was found significant (P=0.0001). Khalam S. A. et al., (2013)75 reported a mean of maximum mouth opening of 39.6 mm after surgery in a follow-up period of 1 year. Paramhans D . et al, (2010)76 reported a mean of 37.63 mm maximum mouth opening after six months postoperative period. Gupta H. et al. (2014)2 also evaluated the effectiveness of coronoidectomy in advanced (stage III-IV) oral submucous fibrosis (OSMF) and reported a mean preoperative interincisal opening of 14.40 mm which increased to a mean of 24.60 mm at a follow-up period of day 180. This increase in mouth opening can be attributed to the fact that on performing coronoidectomy, mechanical obstruction is released which was due to elongated coronoid impinging on zygomatic arch and also from releasing the secondary factor i.e. the spasm of temporalis muscle which is being released following stripping of the posterior fibers of the temporalis muscle during coronoidectomy.


5.1.2 Group 2: TMJ
Intraoperatively a mean of 30.69 mm maximum mouth opening was achieved after  resection of ankylotic mass in subgroup A and  39.30 mm in subgroup B after resection of ankylotic mass along with coronoidectomy on same side. Maximum mouth opening was achieved more in subgroup B as compare to subgroup and was found significant (p=0.000).
At final evaluation (day 180) a mean of 33.13 mm maximum mouth opening was achieved in subgroup A and  41.13 mm in subgroup B. Maximum mouth opening was achieved more in subgroup B as compare to subgroup A and this difference  was found significant (P=0.0001).
Regarding coronoidectomy in treatment of TMJ ankylosis we performed a study to ascertain the role of coronoidectomy in TMJ ankylosis and found that coronoidectomy caused substantial increase in the mouth opening than seen after arthrectomy only. We concluded that coronoidectomy is an effective adjunct in increasing intra operative and stabilizing post operative mouth opening.
5.2 Bite force 
Bite force/Masticatory force was defined by Bakke M. et al., 200656  as the force acting during this process of chewing or occlusion. This force is created by the dynamic action of the masticatory system during the physiological act of chewing. According to Osborn et al., 199677  bite forces are also dependent on the teeth that are in direct contact with the food. According to Bilt A. V. D. et al., 200878  there is a great variation in bite force values which depends on several physiological and pathological factors of the person apart from these factors, parameters associated with measuring techniques such as mechanical characteristics of the bite force recording system and linear or polynomial relationship of functional variables.
The biting force is a vector sum of the tension forces of all closed mouth muscles. From the level of activation of some muscles, we can estimate that an occlusal plane vertical to the vector of the muscle stimulation will be most effective. Because it is difficult to find the direction of the vector using a morphologic search, the occlusion efficiency value was proposed to understand how much the mastication muscles generate the biting force.
Although the functional recovery period should be considered in a functional analysis, opinions vary onthe period necessary for functional recovery. Proffit et al reported that there were no changes in the maximum biting force for up to 1 year, and Youssef et al and Throckmorton et al concluded that the occlusalforces began to increase in the 6 months after surgery and continue for up to 3 years. Youssef et al also reported that the EMG activity of the masseter and temporal muscles increase in the 6 weeks after surgery and continue to increase for up to 3 years.Throckmorton et al reported that the maximum occlusal forces improved gradually according to the constant rate. They concluded that the postoperativebite forces were greater than their preoperative forces within 6 months. Seo et al reported that the maximum biting force and the maximum mouth opening significantly increased until the third month after sagittal split ramus osteotomy in orthognathic patients, and the muscle activation of the masseter muscle and the anterior temporal muscle had recovered to preoperative values or more by 6 months after surgery.  
Duygu K. et al., (2012)79  from their study of healthy individuals observed a mean maximum bite force ranging from 11-37 kg W at 3 different intermolar distances (right first molar, left first molar and central incisor region). Ramfjord & Ash et al. (1983)80 concluded that first molar area exhibits the largest biting force and is similar to the biting force at the centric occlusion.
5.2.1 Group 1:OSMF
In our study we found  a mean bite force value of 12.00 kgs on right side in sub group A whereas subgroup B  it showed a mean  value of 11.00 kgs at post operative day 1 but the difference was found to be non significant (p=0.389). A mean bite force value of 11.80 kgs was found on left side in sub group A whereas subgroup B  it showed a mean  value of 11.00 kgs at post operative day 1 but the difference was found to be non significant (p=0.350). At all follow-ups we found there was a  increase in the mean value of bite force on the right side as well as on  left side in subgroup A as compare to subgroup B but the difference was found to be non significant which may be because of over usage/continuous chewing from the right side which acts as fulcrum as a result there is contralateral loading. To maintain the stability of the mandible while chewing, the muscle of the contralateral side becomes hyperactive/contracts itself more to accommodate the forces bilaterally. Waltimo A. et al.(1993)81 reported the mean maximal bite force value in the molar region 847 N (86.3 Kgs) for men and 597 N (60.8 Kgs) for women in healthy adults with jaw opening at incisor tip as 25mm. This significant increase can be due to the fact that the mechanical obstruction was removed (coronoidectomy) and probably more contraction of the masseter muscle on the right side to accommodate the forces bilaterally. Lindauer S. J. et al., 199342  in his study stated that the masseter muscle is the biomechanical ideal for bite force production which he found to be greatest contributor in most of his experimental subjects. The significant increase in the value of bite force can be due to the fact that the anterior part of the temporalis muscle remains attached to the anterior border of the ramus while the posterior part of the muscle was stripped and coronoidectomy was done. In a study by Tuller B. et al., 198140  found the activation of the anterior temporalis muscle during elevation and clenching of the jaw. This anterior part of the muscle is stronger and helps in elevation of the jaw (Kirkeby and Garbarsch et al., 200182; Madeira and Rizzolo et al., 200683.
In a study done by Lindauer S. J. et al., 199342  found the greatest maximum bite forces were produced at relatively large jaw openings which corresponded to approximately 20mm measured inter-incisal region. This means that the increase in the vertical dimension of the jaw will lead to a greater amount of bite force. Helkimo & Ingervall et al., 1978 reported that the average bite force of incisors is 40% that of molars and chewing force at the incisor is 47% of the force on molars.
5.2.2 Group 2:TMJ
 	We found  a mean bite force value 12.11 kgs on right side in subgroup A and 11.22 kgs subgroup B at post operative day 1 but the difference was found to be non significant (p=0.389).At final evaluation we found there was a  increase in the mean value of bite force on the right side  and left side in subgroup A as compare to subgroup B but the differences in both the subgroups were found to be non significant .This can be attributed the fact that post coronoidectomy, due to stripping of temporalis muscle there is decrease in bite force but subsequently due to compensatory mechanism of masseter the final resultant bite force is comparable to non coronoidectomy subgroup
5.3 EMG 
EMG refers to the recording of action potentials of muscle fibres firing singly or in groups near the electrode in a muscle (Mishra and Kalita et al. 2001)37. The muscle action potential (MUAP) when recorded and appears triphasic as the action potential approaches crosses and leaves the recording electrode. According to American association of electro diagnostic medicine (AAEM) Motor unit action potential (MUAP) is defined as “the successive activation of the same and additional motor units with increasing strength of voluntary muscle contraction”
Moyers et al. (1949)84 first introduced the use of Electromyographic activity (EMG) in dental research and represents a sensitive research tool for measuring muscle function. 
Surface Electromyography (sEMG) has become an important complementary method in the search for a more comprehensive evaluation of the muscles of the stomatognathic system, because it captures information about the electrical activity of these muscles. EMG can assist in determining conducts and demonstrating results obtained by specifically employed treatments, in addition to adding knowledge to studies on different facial and occlusal characteristics.
The earliest report on muscle involvement in OSMF as Binnie and Cawson et al., 197285  reported a homogenous collagenous subepithelial zone along with degeneration (Labban E. and Caniff et al., 1985)86 of muscle fibres. Kant P. et al., 201453  in study concluded that the masseter muscle is more likely to be involved early in OSMF cases. In previous studies by Manns A. et al., 198587 and Carlsson G. E. et al., 187988  have indicated that mouth opening can have a significant effect on recorded EMG values, but it is unclear how such changes may alter observed EMG-force function characteristics.
In the present study, EMG of temporalis and masseter muscle (bilaterally) was recorded for all the cases and the mean value preoperatively and postoperatively(day 7, day 90 and day 180).
5.3.1 Group 1 :OSMF
The mean preoperative value for right temporalis muscle recorded was 219.40 μV for subgroup A and 200.00 μV for subgroup B but the difference was non significant (p=0.305). At all post operative follow ups EMG of right temporalis muscle was found higher in subgroup A as compare to subgroup B but was not significant. The mean preoperative value for left temporalis muscle recorded was 187.36 μV for subgroup A and 182.0 μV for subgroup B but the difference was non significant (p=0.126). At all post operative follow ups EMG of  left temporalis muscle was found higher in subgroup A as compare to subgroup B but was not significant. Kant P. et al., 201453  in her study of OSMF cases recorded a mean value MUAP (temporalis muscle) of 407.53μV on right side and 407.53μV on left side whereas for masseter muscle on right side was 407.66μV and 358.59μV on left side.
The mean preoperative value for right masseter muscle was recorded lesser (220.0 μV) for subgroup A as compare to subgroup B (200.00 μV) but the difference was non significant (p=0.713). At post operative day 180 EMG of right masseter muscle was found higher in subgroup A (510.30 μV ) as compare to subgroup B (507.00 μV) but was not significant (p=0.806). The mean preoperative value for left masseter muscle was recorded lesser (217.70 μV) for subgroup A as compare to subgroup B (285.80 μV) but the difference was non significant (p=0.267). At post operative day 180  EMG of left  masseter muscle was found higher in subgroup A (488.20 μV ) as compare to subgroup B (478.00 μV) but was not significant (p=0.461). 
Lindauer S. J. et al., 199342  demonstrated in his experimental study that the EMG activity of the human masseter muscle as observed to vary with the jaw opening. Manns A. and Spreng et al., 197789 and Manns A. et al., 197990 recorded a minimum activity of the muscle at a jaw opening of 15 and 20mm. Manns A. et al. 197990 and Devlin H. et al., 198591  in his study showed that both the speed and magnitude of jaw movement have significant effects on recorded EMG activity.
5.3.2 Group 2:TMJ 
The mean preoperative value for right temporalis muscle recorded was 281.56 μV for subgroup A and 175.06 μV for subgroup B but the difference was non significant (p=0.122). At day 90 EMG was found lesser in subgroup B (356.10) as compare to subgroup A (386.13) but at final evaluation EMG of  right temporalis muscle was found higher in subgroup B as compare to subgroup A  at post operative day 180 but the difference was not significant (0.759). The mean preoperative value for left temporalis muscle recorded was 225.80 μV for subgroup A and 187.46 μV for subgroup B but the difference was found to be non significant (p=0.421). At final evaluation EMG of  left temporalis muscle was found higher in subgroup A(530.42) as compare to subgroup B (518.85) but the difference was found to be not significant (0.794).
The mean preoperative value for right masseter muscle was recorded higher (232.26μV) for subgroup A as compare to subgroup B (194.86.00 μV) but the difference was non significant (p=0.226). At post operative day 180 EMG of right masseter muscle was found higher in subgroup B (511.66 μV ) as compare to subgroup A (482.23 μV) but was not significant (p=0.469). The mean preoperative value for left masseter muscle was recorded higher (256.13 μV) for subgroup A as compare to subgroup B (244.56 μV) but the difference was non significant (p=0.863). At final evaluation (day180)  EMG of left  masseter muscle was found higher in subgroup B (488.73 μV ) as compare to subgroup A (483.20 μV) but was foung to be not significant (p=0.845). 
5.4 Lateral excursion 
The lateral excursions of mandibular joint were recorded to see the range of mandibular motion (ROM).
5.4.1 Group 1:OSMF
 In our study the mean preoperative value for lateral excursion was found  statistically higher in subgroup B (3.72mm) as compare to subgroup A (2.73 mm) on right side (p=0.19). There was a more significant increase in the lateral excursion was found on the right side in subgroup B (6.41mm) as compare to subgroup A (5.53mm)  at Day 180 (p=0.000). 
The mean preoperative value for lateral excursion was found higher in subgroup B (3.72mm) as compare to subgroup A (3.13 mm) on left side but the difference was found to be non significant (p=0.164). There was significant increase in the lateral excursion was found on the left side in subgroup B (6.41mm) as compare to subgroup A (5.72 mm)  at Day 180 (p=0.003). 
The reason for the increase in range of motions may be because the muscles responsible for lateral excursions i.e. lateral and medial pterygoid of each side, acting alternately which were in a state of isometric contraction along with the suppleness of the mucosa and the mechanical impingement being created by the elongated coronoid process causing obstruction in the lateral movements of the jaw, which was released after the excision of fibrous bands along with bilateral coronoidectomy. According to Madeira et al., 200492 the medial pterygoid muscle works in synergism with masseter muscle potentiating mandibular elevation and protrusion.
5.4.2 Group 2:TMJ
The mean value for lateral excursion was found higher in subgroup A (3.66mm) as compare to subgroup A (3.33MM mm) on right side at day 1 post operatively but was non singificant (p=0.412). There was a significant increase in the lateral excursion was found on the right side in subgroup A (6.52mm) as compare to subgroup B (5.90mm) at Day 180 (p=0.014). 
The mean preoperative value for lateral excursion was found higher in subgroup B (2.82mm) as compare to subgroup A (2.72 mm) on left side but the difference was found to be non significant (p=0.412). At final evaluation (day 180)There was increase in the lateral excursion was found on the left side in subgroup B (6.41mm) as compare to subgroup A (5.72 mm)  at Day 180 but the difference was found to be non significant (p=0.014). 
This can be attributed to functional restoration caused by  coronoid and its attached temporalis muscle fibrosis.
Thus present study was undertaken to determine the effects of coronoidectomy on function of mandible in terms of maximum mouth opening, lateral excursive movement and bite force. To evaluate the muscle activity of temporalis and masseter, EMG readings were recorded.
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CHAPTER 6
CONCLUSION 
Coronoidectomy is an effective adjunct in enhancing the outcome of conventional surgical procedures of OSMF and TMJ ankylosis by increasing the intraoral and maintaining the postoperative mouth opening.
Temporalis  muscles  seems to be an important determinant in restriction of mouth opening in cases of TMJ ankylosis and OSMF. Maximum postoperative stability in mouth opening is observed in OSMF and TMJ ankylosis with coronoidectomy. 
The observations of the study were subjected to statistical analysis, results were tabulated and the following conclusions could be drawn: 
· In management of OSMF and TMJ ankylosis, coronoidectomy plays an important role in increasing mouth opening. It is an effective adjunct procedure in increasing intra operative and stabilizing post-operative maximum mouth opening. 
· There is a gradual increase in free lateral movements of the mandible suggesting that posterior part of temporalis muscle (i.e. stripped part of temporalis muscle during coronoidectomy) is activated indicating returning the function of same along with free contraction of the Lateral and Medial pterygoid muscles, which were in a state of isometric contraction preoperatively. 

· The gradual increase in the MUAP value of Masseter and Temporalis muscle  indicates the increase in the activity of the muscles thereby increasing Bite force 
and Range of Mandibular motions. However, a larger sample size with longer follow up is required to validate our results. 
· This conclusion suggests that the masticatory efficacy is improved post-operatively in patients with OSMF and TMJ ankylosis. 
It would be fair to conclude from the present study that coronoidectomy not only increases the mouth opening but the masticatory efficiency also gets improved with improvement in the range of mandibular movements. Hence, there is an improvement in overall function of the mandible.
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Consent Form 
Title of the Study:
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Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Day 1 rt	Day 1 lt	Day 7 rt	Day 7 lt	Day 90 rt	Day 90 lt	6 mo rt	6 mo lt	11.8347	11.359300000000006	11.8033	11.404	8.8600000000000048	8.7319999999999993	8.5647000000000002	8.811300000000001	15.499500000000006	15.857400000000041	14.7735	17.805299999999917	23.868699999999883	23.555800000000001	24.181999999999999	24.271999999999988	
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Day 1 rt	Day 1 lt	Day 7 rt	Day 7 lt	Day 90 rt	Day 90 lt	6 mo rt	6 mo lt	11.16	11.311300000000001	10.9933	11.348700000000001	12.9512	15.398300000000001	15.864000000000004	14.956000000000024	21.471900000000005	21.76509999999988	19.135999999999999	18.223299999999906	20.5411	23.4101	20.91	20.963299999999879	
Right temporalis
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Preop	7 day 	90 days 	6 months 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Preop	7 day 	90 days 	6 months 	219.4	289.89999999999969	243.56700000000001	299.03299999999899	370.13329999999894	395.76669999999899	493.16669999999999	492.13329999999894	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Preop	7 day 	90 days 	6 months 	Left temporalis
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	187.36700000000027	260.63299999999964	251.93300000000002	317.96699999999845	441.46699999999845	460.43299999999869	536.75	509.23099999999869	Right masseter
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	208.6	218.5	305.89999999999969	319.3	375.3	396.1	510.3	493.6	Left masseter
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	217.7	285.8	305.06700000000001	298.93299999999869	394.63299999999964	423.767	488.2	468.9	Right temporalis
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Preop	7 day 	90 days 	6 months 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Preop	7 day 	90 days 	6 months 	281.56700000000001	175.06700000000001	255.4	261.86700000000002	386.13329999999894	356.1	489.36669999999964	500.26669999999899	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Preop	7 day 	90 days 	6 months 	Left temporalis
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	225.8	187.46700000000001	275.93299999999869	274.46699999999845	431.8	453.267	530.423	518.85699999999747	Right masseter
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	232.267	194.86700000000027	300.96699999999845	323.89999999999969	399.3	365.43299999999869	482.2329999999987	511.66699999999969	Left masseter
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op 	7 days 	90 days	6 months	256.13299999999964	244.56700000000001	286.767	319.16699999999969	416.13299999999964	383.6	483.2	488.7329999999987	Right side
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Day 1	Day 7	90 Days 	6 months	2.7332999999999998	3.7267000000000001	3.6519999999999997	4.1707000000000001	3.6059999999999999	4.0119999999999996	5.5333000000000014	6.4133000000000004	Left side
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Day 1	Day 7	90 Days 	6 months	3.1333000000000002	3.7267000000000001	2.6573000000000002	2.944	3.6787000000000001	3.7452999999999999	5.7267000000000001	6.4133000000000004	Right side
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Day 1	Day 7	90 Days 	6 months	3.66	3.3332999999999977	4.0720000000000001	3.6507000000000001	3.706	3.7452999999999999	6.5266999999999999	5.9067000000000034	Left side
Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Without coronoidectomy 	With coronoidectomy 	Pre-op	Day 1	Day 7	90 Days 	6 months	3.66	3.3332999999999977	2.7252999999999998	2.8239999999999998	3.3726999999999889	3.4786999999999977	6.5266999999999999	5.9067000000000034	5.7267000000000001	6.4133000000000004	

image1.emf

image2.wmf

oleObject1.bin

image3.gif




image4.gif
g = 2= M)




image5.png
Awozospiouciod yum

Awopapiouciod
noyum

Awozospiouciod yum

Awopapiouciod
noyum

Subjects with TMJ ankylosis

Subjects with OSMF

16
12
10





image6.jpeg




image7.gif




image8.jpeg




