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            Abstract

            
               
Introduction: Maxillofacial fractures not only cause a change in the skeletal architecture (anatomical) but also lead to changes in the
                  masticatory apparatus (functional). Masticatory function refers to the ability to chew without any interference or pain. The
                  major determinants of this is the range of mandibular motion, maximum occlusal forces, and the activity of the masticatory
                  muscles. This function is affected in maxillofacial trauma and also pathological injuries to the jaws. Bite force measurements
                  are an excellent criteria for the assessment of masticatory efficiency. The purpose of this study was to assess the effect
                  of maxillofacial fractures on the bite forces of patients treated for such fractures.
               

               Materials and Methods: 65 patients divided into 7 groups based on the kind of maxillofacial fracture. All the cases underwent ORIF. Bite force were
                  measured on the immediate post-operative period, 1st, 4th and 12th post-operative week. The bite force instrument (transducer) was positioned between the antagonizing cusps in the region of
                  Left First Molar and Right First Molar. 
               

               Results: At the end of the 3rd post-operative week, all the groups showed a statistically significant increase in the bite force measurement as compared
                  to the immediate post-operative bite force recording. 
               

               Conclusion: Thus we conclude by saying that our study provides a basis for similar studies with a longer follow up period and larger
                  sample size in order to assess the different kinds of maxillofacial trauma and its effect on bite force. 
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               Introduction

            Road traffic accidents have been reported to be one of the main causes of maxillofacial injuries in many studies in the entire
               world1  with ever changing trends and  modernization of lifestyle the need for high speed travel and increasing violent society
               has made maxillofacial trauma, kind of inevitable.2 The prevalence of maxillofacial injuries varies from 17% to 69%, and this range of difference can be attributed to various
               other factors such as environmental factors, socioeconomic status, cultural backgrounds, and the implication of traffic rules.2, 3, 4 Maxillofacial fractures not only cause a change in the skeletal architecture (anatomical) but also lead to changes in the
               masticatory apparatus(functional).5, 6 Masticatory function refers to the ability to chew without any interference or pain. The major determinants of this is the
               range of mandibular motion, maximum occlusal forces, and the activity of the masticatory muscles. This function is affected
               in maxillofacial trauma and also pathological injuries to the jaws. Over the years, management of maxillofacial fractures
               has changed with the advent of various types of fixation techniques. The main aim of surgically managing maxillofacial fractures
               is to not only restore the skeletal form but also the function and aesthetics. In the process of any such surgical treatment,
               the resultant soft tissue injury in the form of stripping of masticatory muscles and iatrogenic neurovascular injury can further
               affect the masticatory apparatus.  By treating the fracture surgically restoration of the occlusal table can be achieved is
               a known fact, but whether the patient will be able to produce the same occlusal load secondary to these changes is not known.7  Maximum occlusal forces is one of the important and significant parameter to assess masticatory function and also is comparatively
               easy to measure and analyze.8 The purpose of this study was to assess the effect of Maxillofacial fractures on the bite forces of patients treated for
               such fractures. 
            

         

         
               Materials and Methods

            A prospective study was conducted on patients who underwent open reduction and internal fixation for maxillofacial fractures
               in the Department of Oral and Maxillofacial Surgery from October 2019 to March 2020 were included in the study. The exclusion
               criteria were: (1) patients not willing to be a part of the study (2) edentulous patients, (3) patients below 18 years of
               age, and (4) medically compromised patients. Ethical clearance for the study was obtained from the ethical committee (Date
               of approval- 15/10/2019) and adheres to the guidelines. Written informed consent was taken from all the patients and were
               operated under general anesthesia following routine hematological, biochemical, general physical examination and routine radiological
               examination. Either intra-oral or extra-oral approaches were used based on the fracture site. Patients were divided into 7
               groups as follows- 
            

            Group 1 – Isolated parasymphysis fractures 

            Group 2 – Isolated angle fractures

            Group 3 – Parasymphysis with condylar fracture 

            Group 4 - Fractures of more than two sites of the mandidle 

            Group 5 – Isolated Lefort I fractures 

            Group 6 – Isolated Lefort II fractures

            Group 7 – Panfacial fractures.

            The bite force was recorded using a bite force device consisting of a stainless steel bite force sensor of strain gage type,
               capable of measuring up to 800N, requiring 5VDC power supply and a load cell indicator with 124x64 LCD display, (Figure  1) which displayed the force exerted in Newton. All measurements were made with the subject seated upright, looking forward
               and in an unsupported natural head position. The bite force instrument (transducer) could be conveniently positioned between
               the antagonizing cusps in the region of Left First Molar and Right First Molar. (Figure  2)
            

            
                  
                  Figure 1

                  – Bite force measurement device 
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                  Figure 2

                  Bite force recording
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                  Statistical analysis

               The study was analysed using “R” software. The values were compared using t-test and paired t test.

            

         

         
               Results

            There were 65 patients who participated in this study. The age distribution is 18-45 years, Among the age distribution it
               was noted that maximum number of cases were seen in the age group less than 35yrs of age 47 (73%).  Male patients formed a
               majority of 48 (74%) and female 17(26%) The main etiology of the injury was RTA 54 (78%) while assault constituted the rest,
               14 (22%). 
            

            Group 1 - Isolated parasymphysis fractures, which included 15 cases. 

            Group 2 - Isolated angle fractures, which included 10 cases.

            Group 3 - Parasymphysis with condylar fracture, which included 15 cases.

            Group 4 - Fractures of more than two sites of the mandidle, which included 10 cases. 

            Group 5 – Isolated Lefort I fractures, which included 7 cases. 

            Group 6 – Isolated Lefort II fractures, which included 5 cases. 

            Group 7 – Panfacial fractures, which included 5 cases. 

            The percentage of males and females and the etiology of each of the groups (Figure  3, Figure  4)
            

            All the patients in all the seven groups showed a significant increase in the bite force values from the post op to the 3rd month follow up postoperative week on both the fractured and non-fractured site. (Figure  5, Figure  6) 
            

            Each group showed a stastistical increase in the bite force at each interval (Figure  7, Figure  8, Figure  9, Figure  10, Figure  11, Figure  12, Figure  13) The mean and std deviation of the groups at each interval and their p value has been stated in the tables below (Table  1, Table  2, Table  3, Table  4, Table  5, Table  6, Table  7, Table  8)
            

            

            
                  
                  Figure 3

                  Sex distribution among the groups 
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                  Figure 4

                  Etiology among the groups 
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                  Figure 5

                  Mean bite force immediate post op 
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                  Figure 6

                  Mean bite force at the 3rd month post-op 
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                  Figure 7

                  Mean bite force at the 3rd month post-op 
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                  Figure 8

                   Mean bite force in group 2
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                  Figure 9

                  Mean bite force in group 3 
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                  Figure 10

                  Mean bite force in group 4  
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                  Figure 11

                  Mean bite force in group
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                  Figure 12

                  Mean bite force in group 6
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                  Figure 13

                  Mean bite in group 7  
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                  Table 1

                  Analysis of Bite Strength at Post Op – Right Side
                  

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            107.42

                           
                        
                        	
                              
                           
                            39.76

                           
                        
                        	
                              
                           
                            10.63

                           
                        
                        	
                              
                           
                            84.46

                           
                        
                        	
                              
                           
                            130.37

                           
                        
                        	
                              
                           
                            28.19

                           
                        
                        	
                              
                           
                            186.32

                           
                        
                        	
                              
                           
                            0.261 

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            118.18

                           
                        
                        	
                              
                           
                            34.50

                           
                        
                        	
                              
                           
                            10.91

                           
                        
                        	
                              
                           
                            93.49

                           
                        
                        	
                              
                           
                            142.86

                           
                        
                        	
                              
                           
                            54.25

                           
                        
                        	
                              
                           
                            178.34

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            105.07

                           
                        
                        	
                              
                           
                            38.13

                           
                        
                        	
                              
                           
                            10.19

                           
                        
                        	
                              
                           
                            83.05

                           
                        
                        	
                              
                           
                            127.08

                           
                        
                        	
                              
                           
                            30.16

                           
                        
                        	
                              
                           
                            156.09

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            99.52

                           
                        
                        	
                              
                           
                            48.16

                           
                        
                        	
                              
                           
                            15.23

                           
                        
                        	
                              
                           
                            65.07

                           
                        
                        	
                              
                           
                            133.97

                           
                        
                        	
                              
                           
                            30.16

                           
                        
                        	
                              
                           
                            186.32

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            111.51

                           
                        
                        	
                              
                           
                            22.56

                           
                        
                        	
                              
                           
                            8.53

                           
                        
                        	
                              
                           
                            90.65

                           
                        
                        	
                              
                           
                            132.37

                           
                        
                        	
                              
                           
                            82.90

                           
                        
                        	
                              
                           
                            143.78

                           
                        
                     

                     
                           	
                              
                           
                            Group 6

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            116.22

                           
                        
                        	
                              
                           
                            28.15

                           
                        
                        	
                              
                           
                            12.59

                           
                        
                        	
                              
                           
                            81.26

                           
                        
                        	
                              
                           
                            151.17

                           
                        
                        	
                              
                           
                            86.96

                           
                        
                        	
                              
                           
                            150.76

                           
                        
                     

                     
                           	
                              
                           
                            Group 7

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            64.53

                           
                        
                        	
                              
                           
                            34.26

                           
                        
                        	
                              
                           
                            15.32

                           
                        
                        	
                              
                           
                            22.00

                           
                        
                        	
                              
                           
                            107.06

                           
                        
                        	
                              
                           
                            28.19

                           
                        
                        	
                              
                           
                            98.66

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Analysis of Bite Strength at Post Op – Left Side

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            109.55

                           
                        
                        	
                              
                           
                            57.01

                           
                        
                        	
                              
                           
                            15.24

                           
                        
                        	
                              
                           
                            76.63

                           
                        
                        	
                              
                           
                            142.47

                           
                        
                        	
                              
                           
                            23.09

                           
                        
                        	
                              
                           
                            193.98

                           
                        
                        	
                              
                           
                            0.612 

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            118.96

                           
                        
                        	
                              
                           
                            39.28

                           
                        
                        	
                              
                           
                            12.42

                           
                        
                        	
                              
                           
                            90.85

                           
                        
                        	
                              
                           
                            147.06

                           
                        
                        	
                              
                           
                            45.61

                           
                        
                        	
                              
                           
                            173.98

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            129.50

                           
                        
                        	
                              
                           
                            45.53

                           
                        
                        	
                              
                           
                            12.17

                           
                        
                        	
                              
                           
                            103.21

                           
                        
                        	
                              
                           
                            155.79

                           
                        
                        	
                              
                           
                            45.61

                           
                        
                        	
                              
                           
                            193.98

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            93.80

                           
                        
                        	
                              
                           
                            41.78

                           
                        
                        	
                              
                           
                            13.21

                           
                        
                        	
                              
                           
                            63.92

                           
                        
                        	
                              
                           
                            123.69

                           
                        
                        	
                              
                           
                            21.62

                           
                        
                        	
                              
                           
                            160.25

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            111.37

                           
                        
                        	
                              
                           
                            19.90

                           
                        
                        	
                              
                           
                            7.52

                           
                        
                        	
                              
                           
                            92.96

                           
                        
                        	
                              
                           
                            129.77

                           
                        
                        	
                              
                           
                            88.60

                           
                        
                        	
                              
                           
                            140.60

                           
                        
                     

                     
                           	
                              
                           
                            Group 6

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            118.50

                           
                        
                        	
                              
                           
                            29.98

                           
                        
                        	
                              
                           
                            13.41

                           
                        
                        	
                              
                           
                            81.27

                           
                        
                        	
                              
                           
                            155.72

                           
                        
                        	
                              
                           
                            85.71

                           
                        
                        	
                              
                           
                            156.75

                           
                        
                     

                     
                           	
                              
                           
                            Group 7

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            100.96

                           
                        
                        	
                              
                           
                            50.03

                           
                        
                        	
                              
                           
                            22.37

                           
                        
                        	
                              
                           
                            38.84

                           
                        
                        	
                              
                           
                            163.08

                           
                        
                        	
                              
                           
                            23.09

                           
                        
                        	
                              
                           
                            160.25

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Analysis of Bite Strength at 1st POW – Right Side:
                  

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            181.32

                           
                        
                        	
                              
                           
                            56.95

                           
                        
                        	
                              
                           
                            15.22

                           
                        
                        	
                              
                           
                            148.44

                           
                        
                        	
                              
                           
                            214.20

                           
                        
                        	
                              
                           
                            56.61

                           
                        
                        	
                              
                           
                            287.60

                           
                        
                        	
                              
                           
                            0.159 

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            181.13

                           
                        
                        	
                              
                           
                            53.38

                           
                        
                        	
                              
                           
                            16.88

                           
                        
                        	
                              
                           
                            142.94

                           
                        
                        	
                              
                           
                            219.32

                           
                        
                        	
                              
                           
                            69.57

                           
                        
                        	
                              
                           
                            256.78

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            195.18

                           
                        
                        	
                              
                           
                            21.02

                           
                        
                        	
                              
                           
                            5.62

                           
                        
                        	
                              
                           
                            183.04

                           
                        
                        	
                              
                           
                            207.31

                           
                        
                        	
                              
                           
                            142.38

                           
                        
                        	
                              
                           
                            222.90

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            171.31

                           
                        
                        	
                              
                           
                            65.64

                           
                        
                        	
                              
                           
                            20.76

                           
                        
                        	
                              
                           
                            124.35

                           
                        
                        	
                              
                           
                            218.27

                           
                        
                        	
                              
                           
                            52.36

                           
                        
                        	
                              
                           
                            287.60

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            135.07

                           
                        
                        	
                              
                           
                            14.64

                           
                        
                        	
                              
                           
                            5.53

                           
                        
                        	
                              
                           
                            121.54

                           
                        
                        	
                              
                           
                            148.61

                           
                        
                        	
                              
                           
                            111.50

                           
                        
                        	
                              
                           
                            158.44

                           
                        
                     

                     
                           	
                              
                           
                            Group 6

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            151.81

                           
                        
                        	
                              
                           
                            29.34

                           
                        
                        	
                              
                           
                            13.12

                           
                        
                        	
                              
                           
                            115.37

                           
                        
                        	
                              
                           
                            188.24

                           
                        
                        	
                              
                           
                            109.30

                           
                        
                        	
                              
                           
                            180.35

                           
                        
                     

                     
                           	
                              
                           
                            Group 7

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            171.86

                           
                        
                        	
                              
                           
                            40.33

                           
                        
                        	
                              
                           
                            18.03

                           
                        
                        	
                              
                           
                            121.78

                           
                        
                        	
                              
                           
                            221.93

                           
                        
                        	
                              
                           
                            102.45

                           
                        
                        	
                              
                           
                            203.52

                           
                        
                     

                  
               

            

            

            
                  
                  Table 4

                  Analysis of Bite Strength at 1st POW – Left Side:
                  

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            200.60

                           
                        
                        	
                              
                           
                            75.28

                           
                        
                        	
                              
                           
                            20.12

                           
                        
                        	
                              
                           
                            157.13

                           
                        
                        	
                              
                           
                            244.06

                           
                        
                        	
                              
                           
                            70.71

                           
                        
                        	
                              
                           
                            338.66

                           
                        
                        	
                              
                           
                            0.131 

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            208.91

                           
                        
                        	
                              
                           
                            71.76

                           
                        
                        	
                              
                           
                            22.69

                           
                        
                        	
                              
                           
                            157.58

                           
                        
                        	
                              
                           
                            260.25

                           
                        
                        	
                              
                           
                            150.62

                           
                        
                        	
                              
                           
                            338.60

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            208.73

                           
                        
                        	
                              
                           
                            59.87

                           
                        
                        	
                              
                           
                            16.00

                           
                        
                        	
                              
                           
                            174.16

                           
                        
                        	
                              
                           
                            243.30

                           
                        
                        	
                              
                           
                            148.42

                           
                        
                        	
                              
                           
                            338.66

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            187.16

                           
                        
                        	
                              
                           
                            61.02

                           
                        
                        	
                              
                           
                            19.30

                           
                        
                        	
                              
                           
                            143.51

                           
                        
                        	
                              
                           
                            230.81

                           
                        
                        	
                              
                           
                            70.71

                           
                        
                        	
                              
                           
                            312.31

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            136.45

                           
                        
                        	
                              
                           
                            16.38

                           
                        
                        	
                              
                           
                            6.19

                           
                        
                        	
                              
                           
                            121.30

                           
                        
                        	
                              
                           
                            151.60

                           
                        
                        	
                              
                           
                            110.50

                           
                        
                        	
                              
                           
                            159.50

                           
                        
                     

                     
                           	
                              
                           
                            Group 6

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            151.82

                           
                        
                        	
                              
                           
                            30.49

                           
                        
                        	
                              
                           
                            13.64

                           
                        
                        	
                              
                           
                            113.96

                           
                        
                        	
                              
                           
                            189.69

                           
                        
                        	
                              
                           
                            105.96

                           
                        
                        	
                              
                           
                            182.22

                           
                        
                     

                     
                           	
                              
                           
                            Group 7

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            213.64

                           
                        
                        	
                              
                           
                            68.66

                           
                        
                        	
                              
                           
                            30.71

                           
                        
                        	
                              
                           
                            128.39

                           
                        
                        	
                              
                           
                            298.90

                           
                        
                        	
                              
                           
                            120.38

                           
                        
                        	
                              
                           
                            312.31

                           
                        
                     

                  
               

            

            

            
                  
                  Table 5

                  Analysis of Bite Strength at 4th POW – Right Side:
                  

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                        	
                              
                           
                            Sig Diff b/w

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            235.50

                           
                        
                        	
                              
                           
                            64.08

                           
                        
                        	
                              
                           
                            17.13

                           
                        
                        	
                              
                           
                            198.50

                           
                        
                        	
                              
                           
                            272.50

                           
                        
                        	
                              
                           
                            78.31

                           
                        
                        	
                              
                           
                            389.63

                           
                        
                        	
                              
                           
                            0.003*

                           
                        
                        	
                              
                           
                            2 vs 5 (P=0.025)

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            246.04

                           
                        
                        	
                              
                           
                            38.49

                           
                        
                        	
                              
                           
                            12.17

                           
                        
                        	
                              
                           
                            218.50

                           
                        
                        	
                              
                           
                            273.57

                           
                        
                        	
                              
                           
                            173.22

                           
                        
                        	
                              
                           
                            300.98

                           
                        
                        	
                              
                           
                            3 vs 5 (P=0.006)

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            251.43

                           
                        
                        	
                              
                           
                            49.59

                           
                        
                        	
                              
                           
                            13.25

                           
                        
                        	
                              
                           
                            222.79

                           
                        
                        	
                              
                           
                            280.06

                           
                        
                        	
                              
                           
                            152.74

                           
                        
                        	
                              
                           
                            324.98

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            205.70

                           
                        
                        	
                              
                           
                            72.52

                           
                        
                        	
                              
                           
                            22.93

                           
                        
                        	
                              
                           
                            153.83

                           
                        
                        	
                              
                           
                            257.58

                           
                        
                        	
                              
                           
                            75.43

                           
                        
                        	
                              
                           
                            315.12

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            159.51

                           
                        
                        	
                              
                           
                            14.23

                           
                        
                        	
                              
                           
                            5.38

                           
                        
                        	
                              
                           
                            146.36

                           
                        
                        	
                              
                           
                            172.67

                           
                        
                        	
                              
                           
                            134.10

                           
                        
                        	
                              
                           
                            179.10

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Group 6

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            178.97

                           
                        
                        	
                              
                           
                            36.69

                           
                        
                        	
                              
                           
                            16.41

                           
                        
                        	
                              
                           
                            133.41

                           
                        
                        	
                              
                           
                            224.54

                           
                        
                        	
                              
                           
                            130.89

                           
                        
                        	
                              
                           
                            218.11

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Group 7

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            234.89

                           
                        
                        	
                              
                           
                            19.08

                           
                        
                        	
                              
                           
                            8.53

                           
                        
                        	
                              
                           
                            211.19

                           
                        
                        	
                              
                           
                            258.58

                           
                        
                        	
                              
                           
                            210.54

                           
                        
                        	
                              
                           
                            251.10

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                  
               

               

            

            

            

            
                  
                  Table 6

                  Analysis of Bite Strength at 4th POW – Left Side:
                  

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                        	
                              
                           
                           
                              Sig Diff b/w
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            267.49

                           
                        
                        	
                              
                           
                            76.82

                           
                        
                        	
                              
                           
                            20.53

                           
                        
                        	
                              
                           
                            223.14

                           
                        
                        	
                              
                           
                            311.84

                           
                        
                        	
                              
                           
                            103.12

                           
                        
                        	
                              
                           
                            389.63

                           
                        
                        	
                              
                           
                            0.002*

                           
                        
                        	
                              
                           
                           1 vs 5 (P=0.031)

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            254.32

                           
                        
                        	
                              
                           
                            60.66

                           
                        
                        	
                              
                           
                            19.18

                           
                        
                        	
                              
                           
                            210.93

                           
                        
                        	
                              
                           
                            297.72

                           
                        
                        	
                              
                           
                            180.06

                           
                        
                        	
                              
                           
                            340.91

                           
                        
                        	
                              
                           
                           3 vs 5 (P=0.003)

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            290.64

                           
                        
                        	
                              
                           
                            65.40

                           
                        
                        	
                              
                           
                            17.48

                           
                        
                        	
                              
                           
                            252.88

                           
                        
                        	
                              
                           
                            328.40

                           
                        
                        	
                              
                           
                            172.80

                           
                        
                        	
                              
                           
                            390.30

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            249.72

                           
                        
                        	
                              
                           
                            103.55

                           
                        
                        	
                              
                           
                            32.75

                           
                        
                        	
                              
                           
                            175.65

                           
                        
                        	
                              
                           
                            323.80

                           
                        
                        	
                              
                           
                            40.04

                           
                        
                        	
                              
                           
                            389.63

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            158.62

                           
                        
                        	
                              
                           
                            13.64

                           
                        
                        	
                              
                           
                            5.16

                           
                        
                        	
                              
                           
                            146.01

                           
                        
                        	
                              
                           
                            171.24

                           
                        
                        	
                              
                           
                            136.75

                           
                        
                        	
                              
                           
                            178.30

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Group 6

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            179.26

                           
                        
                        	
                              
                           
                            39.75

                           
                        
                        	
                              
                           
                            17.78

                           
                        
                        	
                              
                           
                            129.90

                           
                        
                        	
                              
                           
                            228.62

                           
                        
                        	
                              
                           
                            127.33

                           
                        
                        	
                              
                           
                            222.63

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Group 7

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            285.21

                           
                        
                        	
                              
                           
                            69.32

                           
                        
                        	
                              
                           
                            31.00

                           
                        
                        	
                              
                           
                            199.14

                           
                        
                        	
                              
                           
                            371.28

                           
                        
                        	
                              
                           
                            212.23

                           
                        
                        	
                              
                           
                            389.63

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 7

                  Analysis of Bite Strength at 3 Months – Right Side:

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            299.19

                           
                        
                        	
                              
                           
                            50.36

                           
                        
                        	
                              
                           
                            13.46

                           
                        
                        	
                              
                           
                            270.12

                           
                        
                        	
                              
                           
                            328.27

                           
                        
                        	
                              
                           
                            184.21

                           
                        
                        	
                              
                           
                            390.16

                           
                        
                        	
                              
                           
                            0.238 

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            288.25

                           
                        
                        	
                              
                           
                            41.64

                           
                        
                        	
                              
                           
                            13.17

                           
                        
                        	
                              
                           
                            258.47

                           
                        
                        	
                              
                           
                            318.04

                           
                        
                        	
                              
                           
                            215.31

                           
                        
                        	
                              
                           
                            326.54

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            296.55

                           
                        
                        	
                              
                           
                            56.48

                           
                        
                        	
                              
                           
                            15.10

                           
                        
                        	
                              
                           
                            263.94

                           
                        
                        	
                              
                           
                            329.16

                           
                        
                        	
                              
                           
                            160.62

                           
                        
                        	
                              
                           
                            399.06

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            281.45

                           
                        
                        	
                              
                           
                            57.17

                           
                        
                        	
                              
                           
                            18.08

                           
                        
                        	
                              
                           
                            240.55

                           
                        
                        	
                              
                           
                            322.35

                           
                        
                        	
                              
                           
                            176.30

                           
                        
                        	
                              
                           
                            334.70

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            245.98

                           
                        
                        	
                              
                           
                            24.09

                           
                        
                        	
                              
                           
                            9.10

                           
                        
                        	
                              
                           
                            223.70

                           
                        
                        	
                              
                           
                            268.25

                           
                        
                        	
                              
                           
                            212.20

                           
                        
                        	
                              
                           
                            274.56

                           
                        
                     

                     
                           	
                              
                           
                            Group 6

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            269.35

                           
                        
                        	
                              
                           
                            54.37

                           
                        
                        	
                              
                           
                            24.31

                           
                        
                        	
                              
                           
                            201.84

                           
                        
                        	
                              
                           
                            336.85

                           
                        
                        	
                              
                           
                            200.35

                           
                        
                        	
                              
                           
                            326.45

                           
                        
                     

                     
                           	
                              
                           
                            Group 7

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            311.14

                           
                        
                        	
                              
                           
                            35.08

                           
                        
                        	
                              
                           
                            15.69

                           
                        
                        	
                              
                           
                            267.58

                           
                        
                        	
                              
                           
                            354.70

                           
                        
                        	
                              
                           
                            259.18

                           
                        
                        	
                              
                           
                            350.63

                           
                        
                     

                  
               

            

            

            
                  
                  Table 8

                  Analysis of Bite Strength at 3 Months – Left Side:

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            n

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std Dev

                           
                        
                        	
                              
                           
                            SE of Mean

                           
                        
                        	
                              
                           
                            95% CI for Mean

                           
                        
                        	
                              
                           
                            Min

                           
                        
                        	
                              
                           
                            Max

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                        	
                              
                           
                            Sig Diff b/w

                           
                        
                     

                     
                           	
                              
                           
                            Lower Bound

                           
                        
                        	
                              
                           
                            Upper Bound

                           
                        
                     

                     
                           	
                              
                           
                            Group 1

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            328.32

                           
                        
                        	
                              
                           
                            48.51

                           
                        
                        	
                              
                           
                            12.97

                           
                        
                        	
                              
                           
                            300.31

                           
                        
                        	
                              
                           
                            356.33

                           
                        
                        	
                              
                           
                            224.80

                           
                        
                        	
                              
                           
                            390.16

                           
                        
                        	
                              
                           
                            0.018*

                           
                        
                        	
                              
                           
                            3 vs 5 (P=0.034)

                           
                        
                     

                     
                           	
                              
                           
                            Group 2

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            294.47

                           
                        
                        	
                              
                           
                            51.43

                           
                        
                        	
                              
                           
                            16.26

                           
                        
                        	
                              
                           
                            257.67

                           
                        
                        	
                              
                           
                            331.26

                           
                        
                        	
                              
                           
                            190.51

                           
                        
                        	
                              
                           
                            356.52

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Group 3

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            336.79

                           
                        
                        	
                              
                           
                            64.41

                           
                        
                        	
                              
                           
                            17.22

                           
                        
                        	
                              
                           
                            299.60

                           
                        
                        	
                              
                           
                            373.98

                           
                        
                        	
                              
                           
                            215.25

                           
                        
                        	
                              
                           
                            430.10

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Group 4

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            305.10

                           
                        
                        	
                              
                           
                            86.94

                           
                        
                        	
                              
                           
                            27.49

                           
                        
                        	
                              
                           
                            242.90

                           
                        
                        	
                              
                           
                            367.29

                           
                        
                        	
                              
                           
                            156.18

                           
                        
                        	
                              
                           
                            426.30

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Group 5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            246.49

                           
                        
                        	
                              
                           
                            25.10

                           
                        
                        	
                              
                           
                            9.49
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               Discussion

            Maxillofacial trauma frequently results in injury to the soft tissues, teeth, and major skeletal components of the face. The
               management and rehabilitation of such patients requires a thorough understanding of the types of principles of evaluation
               and surgical treatment of facial injuries. Whenever facial structures are injured, the goal to be achieved is maximal rehabilitation
               of the patient. For maxillofacial fractures, goals of treatment include rapid bone healing, a return of normal function including
               ocular, masticatory and nasal functions and also reconstruction of speech and an acceptable esthetic result.5 
            

            Fractures of the facial skeleton, are a cause of concern for the patient because these fractures have a significant effect
               on mastication, a function that is unique to the craniofacial musculoskeletal system. 
            

            This study was thus conducted to assess the magnitude of damage to the masticatory system caused by maxillofacial fractures
               and its effect on the maximum bite forces. 
            

            Fractures of the mandible itself account for a large portion (70%) of maxillofacial injuries.5  Mandible being a vital component of the masticatory apparatus, such injuries can significantly alter occlusion, range of
               motion, muscle activity levels.9 The significant reduction of bite forces following treatment of mandibular fractures can be due to either traumatic or operative
               trauma to the masticatory muscles or to the protective neuromuscular mechanisms of the masticatory apparatus.10 
            

            Le Fort (maxillary) fractures are also among the injuries encountered most frequently in patients who suffer facial trauma.
               Fixation of these fractures by ORIF of the facial skeleton has become a routine treatment protocol. When the maxillary and
               mandiblular teeeth are in occlusion/clenched the anatomic support for the midface is provided by a series of struts or buttresses
               that distribute the  masticatory forces from the teeth to skull base.11 The 3 principal vertical buttresses of the maxilla are the nasomaxillary buttress, zygomaticomaxillary buttress, and the
               pterygomaxillary buttress.12 In Le Fort fracture treatment, restoration of the correct midfacial vertical height and anterior projection and restoration
               of occlusion are critical.3 Moreover the patient’s compliance is another important factor to be considered. This can be attributed to the psychological
               status of the patient and also to the comfort of the teeth, especially within the first postoperative week.5, 13 
            

            In the present study a total of 65 patients, maxillofacial fractures were observed in the age group of 18 to 45 yrs and higher
               incidence was noted in the age group between 20 to 35 yrs. Based on the age, patients were classified as young -18 to 30 years,
               middle aged - 31 to 50 years, and older age - above 50 years. Out of the 65 patients included in the study, 38 belonged to
               the young group, 21 to the middle age group, indicating that majority of the maxillofacial fractures occurred in younger age
               group, and road traffic accidents being the most common cause of it. This was in agreement with a retrospective study conducted
               by Hu Weihsin et al.14 The high incidence of road traffic accidents involving young adults may be because people in this age group sometimes drive
               aggressively and carelessly.  The various other reasons such as inadequate road safety awareness, use of alcohol or substance
               abuse, speed limit violation can also be held accountable. Our study consisted of 74% percent of males and 26% of females.
               This can be attributed to the fact that men are more prone to indulge in reckless driving and engaging in interpersonal violence.
            

            In the study we noticed that the bite force values increase steadily both on the fractured side and on the non fractured side
               from the first postoperative week. There was a significant increase in the bite force values in all the three intervals of
               time. This result was in agreement with a study conducted by Deborah Sybil et al.5 However, Deborah Sybil et al in their study had a longer follow up period than our study. 
            

            The result in this study did not show much of a difference in the restoration of maximum bite forces with respect to the different
               groups, this was due to small sample size and lesser follow up review. Ideally isolated parasymphysis have shown to have high
               value of bite force restoration, the reason being isolated fracture at the parasymphysis region is associated with very few
               components of the masticatory apparatus.
            

            Injury to masticatory muscles at the time of trauma or surgery is nil at this region.5, 13 In cases of condylar fracture, the possible reasons for reduction in bite force restoration could be due to pain or discomfort
               on biting or clenching because of involvement of the TMJ complex and the muscles of mastication attached to it and another
               reason being change in the occlusal table causing an open bite.8, 9, 15  When it comes to mandibular angle fractures the most important reason for the bite force restoration after treatment is
               due to the traumatic and surgical damage to the masseter and temporalis muscle. During the ORIF of the fracture, stripping
               of the masseter and part of the temporalis muscle insertion in order to accommodate the implants is one of the reason for
               the reduced bite force  Another reason for this could be due to protective neuromuscular mechanism in the form of muscle splinting,
               wherein  selective components of the neuromuscular system are activated or deactivated to take forces off the damaged system.16

            In cases of lefort fractures, although the masticatory apparatus is not involved to a major extent the occlusal table being
               altered causes the reduction in bite force. However, the restoration of the bite force is better than the other groups. This
               can be attributed to the fact that restoration of the correct midfacial vertical height and anterior projection and restoration
               of occlusion are critical.17  In Pan facial fractures although cases included in our study was less to deduce a significant conclusion, we noted that
               bite force was reduced compared to the other groups. Due to the fact that multiple facial bone injury during the initial trauma
               and the involvement of masticatory apparatus and its attachments (which is undoubtedly a primary factor), related to the effects
               of inflammation following surgical trauma at the site, as well as the incisions carried out around or through the muscles
               during the surgical procedures.18, 19  Not to forget the change in the occlusal table which again has an effect on the bite force. 
            

            Based on this study we conclude that maxillofacial fractures adversely affect maximum bite forces, although temporarily and
               as mentioned above each fracture has its own restoration period depending on the site of injury.
            

         

         
               Conclusion

            The present study could open avenues for studies with a larger sample size and a longer follow –up period. It can also be
               taken reference to conduct other interesting studies, such as bite force measurement in patients with facial deformity undergoing
               orthognathic surgery etc. Bite forces are a relatively underexplored area of maxillofacial surgery. With regard to trauma,
               the return to normal functional forces does not correspond to return of the maximum bite forces. Thus we conclude by suggesting
               a similar study with a larger sample size supplemented with electromyographic studies for postsurgical recruitment of the
               masticatory apparatus.
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