
         
            
               
                  Journal Information

                  
                     Publisher: Innovative Publication
                     

                     Title: Journal of Oral Medicine, Oral Surgery, Oral Pathology and Oral Radiology
                     

                     ISSN (print): 2395-6194
                     

                  

               

               
                  Article Information

                  
                     Copyright: 2022
                     

                     Date received: 10 January 2022
                     

                     Date accepted: 17 January 2022
                     

                     Publication date: 25 March 2022
                     

                     Volume: 8
                     

                     Issue: 1
                     

                     DOI: 10.18231/j.jooo.2022.006
                     

                  

               

            

         

         

         
            Radiomorphometric indices as indicator in osteoporosis-A digital panaromic study

         

         
                     
                            Sangeetha J
                           ​[image: ORCID][1]

                     
                        Bio: 

                        
                           Consultant, Maxillofacial Radiologist

                        

                     

                     
                           Balaji Pachipulusu
                           ​[image: ORCID][1]

                     Email: drbalaji_24@rediffmail.com

                     
                        Bio: 

                        
                           Professor and Head

                        

                     

                     
                           Poornima Govindraju
                           ​[image: ORCID][1]

                     
                        Bio: 

                        
                           Professor

                        

                     

                     
                           Syeda Muskan Jan
                           ​[image: ORCID][1]

                     
                        Bio: 

                        
                           P G Student

                        

                     


         
            
                  
               Dept. of Oral Medicine and Radiology, Rajarajeswari Dental College and Hospital
               Bengaluru, Karnataka
               India
               
            

         

         Corresponding Author: Balaji Pachipulusu
         

         
            Abstract

            
               
Background & Objectives: Osteopenia/ osteoporosis affect many elderly people and might not be detected until symptoms of fractures occur. Early detection
                  of osteopenia/ osteoporosis is important and would allow preventive measures and treatment. Access to screening of osteoporosis
                  is often limited, whereas panoramic radiography is widely used in dentistry. This highlights the role of the dentist in the
                  early diagnosis of this disease. With this background the present study is intended to analyse the radiomorphometric indices
                  of mandible using digital panoramic radiographs. 
               

               Materials and Methods: The study subject consisted of 300 panoramic radiographs of which 150 were males and 150 were females, in the age group of
                  21-70 years. The obtained data were statistically analysed.
               

               Results: GI and AI showed a downward trend with age. MI showed a decline in mean values from the age of 61 years only in females.
                  PMI showed a sudden drop after the age of 40 years. C2 and C3 categories increased with age. Male patients demonstrated significantly
                  higher measured values for GI, AI and MI than female patients. C3 cortical appearance was predominantly seen in females. GI,
                  AI, MI and MCI were strongly influenced by dental status.
               

               Conclusion: The mandibular cortical thickness was reduced in older females. Dentition had a significant effect on all indices, except
                  PMI. This study showed that GI, AI, MI PMI and MCI are useful for identifying patients with low skeletal bone mineral densities
                  or osteoporosis. Hence, it is advocated that oral physicians play an unique role in screening of patients for the evaluation
                  of osteopenia.
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               Introduction

            Osteoporosis is a growing health problem recognized in both developed and developing countries. It is associated with substantial
               morbidity and socio-economic burden worldwide.1 Osteoporosis is considered to be a silent disease that entails significant social and economic burdens. So, there has been
               a growing interest in the diagnosis and oral signs of osteoporosis recently2

            Bone loss occurring with age is a commonly observed phenomenon in humans. It affects both females and males, but it is increased
               in postmenopausal females. Women suffer from rapid decline of bone mass during the first 5–10 years after menopause, while
               later the decrease stabilises at a lower rate. In men, bone loss starts later and progresses more slowly than in women.3 This loss of bone in both men and women lead to a more porous bone leading to a condition called osteoporosis. In 30 % to
               50 % of women and 15%–30% of men, osteoporosis-related fractures can occur in their lifetime.1

            Many bone-mass measuring techniques have been advocated to assess the changes which include dual X-ray energy absorptiometry
               (DXA), quantitative computed tomography (QCT) and neutron activation analysis with DXA being considered as gold standard.
               However, they are increased treatment cost and involve expensive equipment. As osteoporosis is related to considerable mortality
               and increasingly higher costs of health care, screening for osteoporosis particularly in high-risk populations is required.
               With the above background the present study is intended to analyse the radiomorphometric indices of mandible using digital
               panoramic radiographs.4, 5 
            

         

         
               Materials and Methods

            Three hundred patients were randomly taken for study aged between 21-70 years the patients were equally divided into males
               & females & each of this group were further subdivided into 5 age groups with a 10-year interval, these patients were subjected
               to panaromic radiograph using Sirona Orthophos XG 5 DS/ Ceph digital OPG machine with standard exposure parameters after obtaining
               the institutional ethical clearance, the patients were equally divided into males & females & each of this group were further
               subdivided into 5 age groups with a 10-year interval. The measurements were made using the SIDEXIS software considering the
               magnification factor of the equipment. All the indices and mean were measured and calculated respectively for right and left
               sides of the mandible after considering the inclusion and exclusion criteria. The observer were blinded for the age and gender
               of the patient while performing the measurements. Following radiomorphometric indices were measured on right and left sides:
            

            
                  
                  	
                     Gonial index (GI)–A line drawn parallel to posterior border of ramus. Another line drawn tangent to lower border of mandible.
                        A third line drawn which bisect the angle formed between the first two lines. Gonial Index will be thickness of cortex along
                        this third line.5

                  

                  	
                     Antegonial index (AI)–A line drawn parallel to ascending ramus extending down to cross the lower border. At this intersection,
                        another line was drawn tangent to lower border of mandible. A third line was drawn perpendicular to this tangent. Measurement
                        of the cortical thickness is made along this third line.6 
                     

                  

                  	
                     Mental index (MI) -It wass the cortical thickness at mental foramen. The mental foramen was identified and a line was traced
                        which passes perpendicular to the tangent to the lower border of the mandible and through the center of the mental foramen.
                        The cortical width was measured at this point.7

                  

                  	
                     Panoramic mandibular index (PMI) –The panoramic mandibular index (PMI), first introduced by Benson in 1991. The mental foramen
                        is located and a perpendicular line was drawn on the tangent at the lower margin of the mandible which passes through the
                        mental foramen. Along this perpendicular, superior and inferior PMI are calculated.8PMI is the mean of superior and inferior PMI.
                     

                  

                  	
                     Mandibular cortical index (MCI) –MCI was assessed according to criteria described by Klemetti et al. (1994). It is the appearance
                        of the inferior mandibular cortex.8 
                     

                  

               

            

            C1 — Endosteal margin of the cortex is even and sharp on both sides.

            The measurements were repeated after 1 month by the same observer. Also, the measurements were made by a second observer.
               At least 20 % of the radiographs were assessed for inter & intra observer reliability.
            

            
                  
                  Figure 1

                  Comparison of MCI in Relation to age in years

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/4a93ebba-cb56-4588-8109-19ff1c4d6fc5image1.png]

            

            

            
                  
                  Figure 2

                  Comparison of age in years in relation to dentition
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                  Table 1

                  Dentition status of patients studied
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Dentition Status
                              
                           

                           
                        
                        	
                              
                           
                           
                              No. of patients
                              
                           

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                           Dentulous

                           
                        
                        	
                              
                           
                           148

                           
                        
                        	
                              
                           
                            49.3

                           
                        
                     

                     
                           	
                              
                           
                           Partially Edentulous

                           
                        
                        	
                              
                           
                           143

                           
                        
                        	
                              
                           
                            47.7

                           
                        
                     

                     
                           	
                              
                           
                           Completely Edentulous

                           
                        
                        	
                              
                           
                           9

                           
                        
                        	
                              
                           
                            3.0

                           
                        
                     

                     
                           	
                              
                           
                           Total

                           
                        
                        	
                              
                           
                           300

                           
                        
                        	
                              
                           
                            100.0

                           
                        
                     

                  
               

            

            
                  
                  Table 2

                  Comparison of GI, AI, MI and PMI in relation to age in years
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Variables
                              
                           

                           
                        
                        	
                              
                           
                            Age in years

                           
                        
                        	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                            21-30 yrs

                           
                        
                        	
                              
                           
                            31-40 yrs

                           
                        
                        	
                              
                           
                            41-50 yrs

                           
                        
                        	
                              
                           
                            51-60 yrs

                           
                        
                        	
                              
                           
                            61-70 yrs

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            1.00±0.35

                           
                        
                        	
                              
                           
                            0.90±0.32

                           
                        
                        	
                              
                           
                            0.95±0.41

                           
                        
                        	
                              
                           
                            0.80±0.41

                           
                        
                        	
                              
                           
                            0.83±0.36

                           
                        
                        	
                              
                           
                            0.90±0.38

                           
                        
                        	
                              
                           
                            0.018*

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            3.39±0.74

                           
                        
                        	
                              
                           
                            3.26±0.63

                           
                        
                        	
                              
                           
                            3.39±0.64

                           
                        
                        	
                              
                           
                            3.22±0.84

                           
                        
                        	
                              
                           
                            3.04±0.76

                           
                        
                        	
                              
                           
                            3.26±0.73

                           
                        
                        	
                              
                           
                            0.050+

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            3.85±0.98

                           
                        
                        	
                              
                           
                            4.23±3.69

                           
                        
                        	
                              
                           
                            3.75±0.92

                           
                        
                        	
                              
                           
                            3.82±1.00

                           
                        
                        	
                              
                           
                            3.84±1.12

                           
                        
                        	
                              
                           
                            3.9±1.88

                           
                        
                        	
                              
                           
                            0.646

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.19±0.11

                           
                        
                        	
                              
                           
                            0.28±0.36

                           
                        
                        	
                              
                           
                            0.17±0.12

                           
                        
                        	
                              
                           
                            0.16±0.11

                           
                        
                        	
                              
                           
                            0.17±0.13

                           
                        
                        	
                              
                           
                            0.19±0.20

                           
                        
                        	
                              
                           
                            0.003**

                           
                        
                     

                  
               

            

            
                  
                  Table 3

                  GI/ AI/ MI/ PMI/ MCI distribution of patients studied with gender
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Variables
                              
                           

                           
                        
                        	
                              
                           
                           
                              Gender
                              
                           

                           
                        
                        	
                              
                           
                            Total (n=300)

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                           Female (n=150)

                           
                        
                        	
                              
                           
                            Male (n=150)

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <1

                           
                        
                        	
                              
                           
                           106(70.7%)

                           
                        
                        	
                              
                           
                            78(52%)

                           
                        
                        	
                              
                           
                            184(61.3%)

                           
                        
                        	
                              
                           
                            <0.001**

                           
                        
                     

                     
                           	
                              
                           
                           1-1.5

                           
                        
                        	
                              
                           
                           42(28%)

                           
                        
                        	
                              
                           
                            58(38.7%)

                           
                        
                        	
                              
                           
                            100(33.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >1.5

                           
                        
                        	
                              
                           
                           2(1.3%)

                           
                        
                        	
                              
                           
                            14(9.3%)

                           
                        
                        	
                              
                           
                            16(5.3%)

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <2.5

                           
                        
                        	
                              
                           
                           28(18.7%)

                           
                        
                        	
                              
                           
                            13(8.7%)

                           
                        
                        	
                              
                           
                            41(13.7%)

                           
                        
                        	
                              
                           
                            0.041*

                           
                        
                     

                     
                           	
                              
                           
                           2.5-5

                           
                        
                        	
                              
                           
                           119(79.3%)

                           
                        
                        	
                              
                           
                            134(89.3%)

                           
                        
                        	
                              
                           
                            253(84.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >5

                           
                        
                        	
                              
                           
                           3 (2%)

                           
                        
                        	
                              
                           
                            3(2%)

                           
                        
                        	
                              
                           
                            6(2%)

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <3

                           
                        
                        	
                              
                           
                            24(16%)

                           
                        
                        	
                              
                           
                            12(8%)

                           
                        
                        	
                              
                           
                            36(12%)

                           
                        
                        	
                              
                           
                            0.097+

                           
                        
                     

                     
                           	
                              
                           
                           3-6

                           
                        
                        	
                              
                           
                            124(82.7%)

                           
                        
                        	
                              
                           
                            135(90%)

                           
                        
                        	
                              
                           
                            259(86.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >6

                           
                        
                        	
                              
                           
                            2(1.3%)

                           
                        
                        	
                              
                           
                            3(2%)

                           
                        
                        	
                              
                           
                            5(1.7%)

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <0.2

                           
                        
                        	
                              
                           
                            79(52.7%)

                           
                        
                        	
                              
                           
                            85(56.7%)

                           
                        
                        	
                              
                           
                            164(54.7%)

                           
                        
                        	
                              
                           
                            0.436

                           
                        
                     

                     
                           	
                              
                           
                           0.2-0.8

                           
                        
                        	
                              
                           
                            66(44%)

                           
                        
                        	
                              
                           
                            64(42.7%)

                           
                        
                        	
                              
                           
                            130(43.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >0.8

                           
                        
                        	
                              
                           
                            5(3.3%)

                           
                        
                        	
                              
                           
                            1(0.7%)

                           
                        
                        	
                              
                           
                            6(2%)

                           
                        
                     

                     
                           	
                              
                           
                           MCI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           C1

                           
                        
                        	
                              
                           
                            86(57.3%)

                           
                        
                        	
                              
                           
                            101(67.3%)

                           
                        
                        	
                              
                           
                            187(62.3%)

                           
                        
                        	
                              
                           
                            0.013*

                           
                        
                     

                     
                           	
                              
                           
                           C2

                           
                        
                        	
                              
                           
                            39(26%)

                           
                        
                        	
                              
                           
                            40(26.7%)

                           
                        
                        	
                              
                           
                            79(26.3%)

                           
                        
                     

                     
                           	
                              
                           
                           C3

                           
                        
                        	
                              
                           
                            25(16.7%)

                           
                        
                        	
                              
                           
                            9(6%)

                           
                        
                        	
                              
                           
                            34(11.3%)

                           
                        
                     

                  
               

            

            
                  
                  Table 4

                  Comparison of age, GI, AI, MI and PMI in relation to gender in different age groups
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Age
                               
                              in years
                              
                           

                           
                        
                        	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            Female

                           
                        
                     

                     
                           	
                              
                           
                           21-30 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            1.01±0.39

                           
                        
                        	
                              
                           
                            0.78±0.33

                           
                        
                        	
                              
                           
                            0.90±0.38

                           
                        
                        	
                              
                           
                            <0.001**

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            3.37±0.68

                           
                        
                        	
                              
                           
                            3.15±0.77

                           
                        
                        	
                              
                           
                            3.26±0.73

                           
                        
                        	
                              
                           
                            0.010**

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            4.03±0.94

                           
                        
                        	
                              
                           
                            3.77±2.48

                           
                        
                        	
                              
                           
                            3.90±1.88

                           
                        
                        	
                              
                           
                            0.237

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.18±0.12

                           
                        
                        	
                              
                           
                            0.21±0.25

                           
                        
                        	
                              
                           
                            0.19±0.20

                           
                        
                        	
                              
                           
                            0.185

                           
                        
                     

                     
                           	
                              
                           
                           31-40 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            0.93±0.31

                           
                        
                        	
                              
                           
                            0.87±0.34

                           
                        
                        	
                              
                           
                            0.90±0.32

                           
                        
                        	
                              
                           
                            0.452

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            3.24±0.55

                           
                        
                        	
                              
                           
                            3.27±0.72

                           
                        
                        	
                              
                           
                            3.26±0.63

                           
                        
                        	
                              
                           
                            0.857

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            4.01±0.56

                           
                        
                        	
                              
                           
                            4.46±5.23

                           
                        
                        	
                              
                           
                            4.23±3.69

                           
                        
                        	
                              
                           
                            0.639

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.22±0.18

                           
                        
                        	
                              
                           
                            0.34±0.48

                           
                        
                        	
                              
                           
                            0.28±0.36

                           
                        
                        	
                              
                           
                            0.201

                           
                        
                     

                     
                           	
                              
                           
                           41-50 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            1.14±0.41

                           
                        
                        	
                              
                           
                            0.77±0.34

                           
                        
                        	
                              
                           
                            0.95±0.41

                           
                        
                        	
                              
                           
                            <0.001**

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            3.52±0.62

                           
                        
                        	
                              
                           
                            3.25±0.65

                           
                        
                        	
                              
                           
                            3.39±0.64

                           
                        
                        	
                              
                           
                            0.109

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            3.85±1.00

                           
                        
                        	
                              
                           
                            3.64±0.84

                           
                        
                        	
                              
                           
                            3.75±0.92

                           
                        
                        	
                              
                           
                            0.376

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.15±0.08

                           
                        
                        	
                              
                           
                            0.18±0.15

                           
                        
                        	
                              
                           
                            0.17±0.12

                           
                        
                        	
                              
                           
                            0.348

                           
                        
                     

                     
                           	
                              
                           
                           51-60 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            0.97±0.46

                           
                        
                        	
                              
                           
                            0.63±0.27

                           
                        
                        	
                              
                           
                            0.80±0.41

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            3.51±0.68

                           
                        
                        	
                              
                           
                            2.93±0.88

                           
                        
                        	
                              
                           
                            3.22±0.84

                           
                        
                        	
                              
                           
                            0.006**

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            4.02±0.98

                           
                        
                        	
                              
                           
                            3.61±1.00

                           
                        
                        	
                              
                           
                            3.82±1.00

                           
                        
                        	
                              
                           
                            0.114

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.16±0.09

                           
                        
                        	
                              
                           
                            0.16±0.14

                           
                        
                        	
                              
                           
                            0.16±0.11

                           
                        
                        	
                              
                           
                            0.798

                           
                        
                     

                     
                           	
                              
                           
                           61-70 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            0.94±0.39

                           
                        
                        	
                              
                           
                            0.71±0.30

                           
                        
                        	
                              
                           
                            0.83±0.36

                           
                        
                        	
                              
                           
                            0.013*

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            3.20±0.73

                           
                        
                        	
                              
                           
                            2.87±0.76

                           
                        
                        	
                              
                           
                            3.04±0.76

                           
                        
                        	
                              
                           
                            0.092+

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            4.22±0.99

                           
                        
                        	
                              
                           
                            3.46±1.14

                           
                        
                        	
                              
                           
                            3.84±1.12

                           
                        
                        	
                              
                           
                            0.007**

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.16±0.10

                           
                        
                        	
                              
                           
                            0.18±0.16

                           
                        
                        	
                              
                           
                            0.17±0.13

                           
                        
                        	
                              
                           
                            0.541

                           
                        
                     

                  
               

            

            
                  
                  Table 5

                  GI/ AI/ MI/ PMI/ MCI distribution of patients studied with dentition status
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Variables
                              
                           

                           
                        
                        	
                              
                           
                           
                              Dentition Status
                              
                           

                           
                        
                        	
                              
                           
                            Total (n=300)

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                           CE(n=9)

                           
                        
                        	
                              
                           
                            PE (n=143)

                           
                        
                        	
                              
                           
                            D (n=148)

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <1

                           
                        
                        	
                              
                           
                           8(88.9%)

                           
                        
                        	
                              
                           
                            97(67.8%)

                           
                        
                        	
                              
                           
                            82(55.4%)

                           
                        
                        	
                              
                           
                            184(61.3%)

                           
                        
                        	
                              
                           
                            0.179

                           
                        
                     

                     
                           	
                              
                           
                           1-1.5

                           
                        
                        	
                              
                           
                           1(11.1%)

                           
                        
                        	
                              
                           
                            42(29.4%)

                           
                        
                        	
                              
                           
                            57(38.5%)

                           
                        
                        	
                              
                           
                            100(33.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >1.5

                           
                        
                        	
                              
                           
                           0 (0%)

                           
                        
                        	
                              
                           
                            7(4.9%)

                           
                        
                        	
                              
                           
                            9(6.1%)

                           
                        
                        	
                              
                           
                            16(5.3%)

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <2.5

                           
                        
                        	
                              
                           
                           4(44.4%)

                           
                        
                        	
                              
                           
                            27(18.9%)

                           
                        
                        	
                              
                           
                            10(6.8%)

                           
                        
                        	
                              
                           
                            41(13.7%)

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                           2.5-5

                           
                        
                        	
                              
                           
                           5(55.6%)

                           
                        
                        	
                              
                           
                            115(80.4%)

                           
                        
                        	
                              
                           
                            133(89.9%)

                           
                        
                        	
                              
                           
                            253(84.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >5

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                            1(0.7%)

                           
                        
                        	
                              
                           
                            5(3.4%)

                           
                        
                        	
                              
                           
                            6(2%)

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <3

                           
                        
                        	
                              
                           
                           1(11.1%)

                           
                        
                        	
                              
                           
                            24(16.8%)

                           
                        
                        	
                              
                           
                            11(7.4%)

                           
                        
                        	
                              
                           
                            36(12%)

                           
                        
                        	
                              
                           
                            0.104

                           
                        
                     

                     
                           	
                              
                           
                           3-6

                           
                        
                        	
                              
                           
                           8(88.9%)

                           
                        
                        	
                              
                           
                            118(82.5%)

                           
                        
                        	
                              
                           
                            133(89.9%)

                           
                        
                        	
                              
                           
                            259(86.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >6

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                            1(0.7%)

                           
                        
                        	
                              
                           
                            4(2.7%)

                           
                        
                        	
                              
                           
                            5(1.7%)

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           <0.2

                           
                        
                        	
                              
                           
                           6(66.7%)

                           
                        
                        	
                              
                           
                            77(53.8%)

                           
                        
                        	
                              
                           
                            81(54.7%)

                           
                        
                        	
                              
                           
                            164(54.7%)

                           
                        
                        	
                              
                           
                            0.820

                           
                        
                     

                     
                           	
                              
                           
                           0.2-0.8

                           
                        
                        	
                              
                           
                           3(33.3%)

                           
                        
                        	
                              
                           
                            62(43.4%)

                           
                        
                        	
                              
                           
                            65(43.9%)

                           
                        
                        	
                              
                           
                            130(43.3%)

                           
                        
                     

                     
                           	
                              
                           
                           >0.8

                           
                        
                        	
                              
                           
                           0(0%)

                           
                        
                        	
                              
                           
                            4(2.8%)

                           
                        
                        	
                              
                           
                            2(1.4%)

                           
                        
                        	
                              
                           
                            6(2%)

                           
                        
                     

                     
                           	
                              
                           
                           MCI

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           C1

                           
                        
                        	
                              
                           
                           2(22.2%)

                           
                        
                        	
                              
                           
                            69(48.3%)

                           
                        
                        	
                              
                           
                            116(78.4%)

                           
                        
                        	
                              
                           
                            187(62.3%)

                           
                        
                        	
                              
                           
                            <0.001**

                           
                        
                     

                     
                           	
                              
                           
                           C2

                           
                        
                        	
                              
                           
                           5(55.6%)

                           
                        
                        	
                              
                           
                            45(31.5%)

                           
                        
                        	
                              
                           
                            29(19.6%)

                           
                        
                        	
                              
                           
                            79(26.3%)

                           
                        
                     

                     
                           	
                              
                           
                           C3

                           
                        
                        	
                              
                           
                           2(22.2%)

                           
                        
                        	
                              
                           
                            29(20.3%)

                           
                        
                        	
                              
                           
                            3(2%)

                           
                        
                        	
                              
                           
                            34(11.3%)

                           
                        
                     

                  
               

            

            
                  
                  Table 6

                  Comparison of age, GI, AI, MI and PMI in relation to dentition indifferent agegroups
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Age
                               
                              in years
                              
                           

                           
                        
                        	
                              
                           
                            Dentition

                           
                        
                        	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                            CE

                           
                        
                        	
                              
                           
                            PE

                           
                        
                        	
                              
                           
                            D

                           
                        
                     

                     
                           	
                              
                           
                           21-30 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            1.08±0.32

                           
                        
                        	
                              
                           
                            0.99±0.36

                           
                        
                        	
                              
                           
                            1.00±0.35

                           
                        
                        	
                              
                           
                            0.460

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            3.16±0.74

                           
                        
                        	
                              
                           
                            3.44±0.74

                           
                        
                        	
                              
                           
                            3.39±0.74

                           
                        
                        	
                              
                           
                            0.302

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            3.45±0.66

                           
                        
                        	
                              
                           
                            3.92±1.02

                           
                        
                        	
                              
                           
                            3.85±0.98

                           
                        
                        	
                              
                           
                            0.186

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            0.18±0.08

                           
                        
                        	
                              
                           
                            0.19±0.12

                           
                        
                        	
                              
                           
                            0.19±0.11

                           
                        
                        	
                              
                           
                            0.790

                           
                        
                     

                     
                           	
                              
                           
                           31-40 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            0.92±0.30

                           
                        
                        	
                              
                           
                            0.89±0.34

                           
                        
                        	
                              
                           
                            0.90±0.32

                           
                        
                        	
                              
                           
                            0.717

                           
                        
                     

                     
                           	
                              
                           
                           AI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            3.18±0.65

                           
                        
                        	
                              
                           
                            3.30±0.63

                           
                        
                        	
                              
                           
                            3.26±0.63

                           
                        
                        	
                              
                           
                            0.477

                           
                        
                     

                     
                           	
                              
                           
                           MI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            3.94±0.69

                           
                        
                        	
                              
                           
                            4.38±4.51

                           
                        
                        	
                              
                           
                            4.23±3.69

                           
                        
                        	
                              
                           
                            0.668

                           
                        
                     

                     
                           	
                              
                           
                           PMI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            0.36±0.53

                           
                        
                        	
                              
                           
                            0.25±0.24

                           
                        
                        	
                              
                           
                            0.28±0.36

                           
                        
                        	
                              
                           
                            0.281

                           
                        
                     

                     
                           	
                              
                           
                           41-50 yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           GI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            0.87±0.44

                           
                        
                        	
                              
                           
                            1.05±0.37

                           
                        
                        	
                              
                           
                            0.95±0.41

                           
                        
                        	
                              
                           
                            0.103

                           
                        
                     

                     
                           	
                              
                           
                            AI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            3.29±0.62

                           
                        
                        	
                              
                           
                            3.50±0.67

                           
                        
                        	
                              
                           
                            3.39±0.64

                           
                        
                        	
                              
                           
                            0.220

                           
                        
                     

                     
                           	
                              
                           
                            MI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            3.71±1.12

                           
                        
                        	
                              
                           
                            3.80±0.61

                           
                        
                        	
                              
                           
                            3.75±0.92

                           
                        
                        	
                              
                           
                            0.710

                           
                        
                     

                     
                           	
                              
                           
                            PMI

                           
                        
                        	
                              
                           
                            0.00±0.00

                           
                        
                        	
                              
                           
                            0.19±0.15

                           
                        
                        	
                              
                           
                            0.14±0.06

                           
                        
                        	
                              
                           
                            0.17±0.12

                           
                        
                        	
                              
                           
                            0.116

                           
                        
                     

                     
                           	
                              
                           
                            51-60yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            GI

                           
                        
                        	
                              
                           
                            0.48±0.28

                           
                        
                        	
                              
                           
                            0.87±0.47

                           
                        
                        	
                              
                           
                            0.76±0.31

                           
                        
                        	
                              
                           
                            0.80±0.41

                           
                        
                        	
                              
                           
                            0.162

                           
                        
                     

                     
                           	
                              
                           
                            AI

                           
                        
                        	
                              
                           
                            2.05±0.91

                           
                        
                        	
                              
                           
                            3.17±0.83

                           
                        
                        	
                              
                           
                            3.5±0.64

                           
                        
                        	
                              
                           
                            3.22±0.84

                           
                        
                        	
                              
                           
                            0.004**

                           
                        
                     

                     
                           	
                              
                           
                            MI

                           
                        
                        	
                              
                           
                            2.88±1.55

                           
                        
                        	
                              
                           
                            3.76±0.97

                           
                        
                        	
                              
                           
                            4.07±0.87

                           
                        
                        	
                              
                           
                            3.82±1.00

                           
                        
                        	
                              
                           
                            0.078+

                           
                        
                     

                     
                           	
                              
                           
                            PMI

                           
                        
                        	
                              
                           
                            0.12±0.08

                           
                        
                        	
                              
                           
                            0.17±0.14

                           
                        
                        	
                              
                           
                            0.15±0.06

                           
                        
                        	
                              
                           
                            0.16±0.11

                           
                        
                        	
                              
                           
                            0.613

                           
                        
                     

                     
                           	
                              
                           
                            61-70yrs

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            GI

                           
                        
                        	
                              
                           
                            0.72±0.35

                           
                        
                        	
                              
                           
                            0.82±0.34

                           
                        
                        	
                              
                           
                            0.90±0.52

                           
                        
                        	
                              
                           
                            0.83±0.36

                           
                        
                        	
                              
                           
                            0.690

                           
                        
                     

                     
                           	
                              
                           
                            AI

                           
                        
                        	
                              
                           
                            3.26±0.97

                           
                        
                        	
                              
                           
                            3.02±0.74

                           
                        
                        	
                              
                           
                            3.03±0.81

                           
                        
                        	
                              
                           
                            3.04±0.76

                           
                        
                        	
                              
                           
                            0.798

                           
                        
                     

                     
                           	
                              
                           
                            MI

                           
                        
                        	
                              
                           
                            3.98±0.77

                           
                        
                        	
                              
                           
                            3.72±1.19

                           
                        
                        	
                              
                           
                            4.46±0.64

                           
                        
                        	
                              
                           
                            3.84±1.12

                           
                        
                        	
                              
                           
                            0.219

                           
                        
                     

                     
                           	
                              
                           
                            PMI

                           
                        
                        	
                              
                           
                            0.19±0.10

                           
                        
                        	
                              
                           
                            0.17±0.14

                           
                        
                        	
                              
                           
                            0.18±0.10

                           
                        
                        	
                              
                           
                            0.17±0.13

                           
                        
                        	
                              
                           
                            0.963

                           
                        
                     

                  
               

            

         

         
               Results

            The relevant demographic data including name, age, gender and patient identification number were recorded for each selected
               image in a specially designed proforma. The subject’s informed consent was obtained after explaining of the general nature
               of the study. The radiomorphometric indices were recorded as described in the methodology. The maxillary and mandibular dentition
               was recorded using a simple classification system (third molars not included): full dentition, partial dentition (missing
               any teeth) and edentulous as described by A Gulsahi et al. 15 All measurements were made separately on the right and left
               mandibular sides and their means were calculated considering the magnification factor of the equipment which was 19%. The
               obtained data was then subjected to statistical analysis 20% of the radiographs were assessed for inter and intraobserver reliability after a month and was found to be statistically
               insignificant with p value < 0.8. Dentition status of patients studied the study population consisted of 49.3% of dentate
               individuals, 47.7% were partially edentulous and 3% were completely edentulous. (Table  1).
            

            
                  Comparison of GI, AI, MI and PMI in relation to age in years

               GI, AI, PMI which is statistically significant whereas MI showed contrast result comparing to other index. (Table  2)
               

            

            
                  Comparison of MCI among different age groups showed

               21-30 years: A relatively large proportion had C1 category, but only a small proportion had C2 category. Figure  1)
               

            

            
                  GI/ AI/ MI/ PMI/ MCI distribution of patients studied with gender

               There was a significant association between GI, AI, MI and gender. PMI was not associated with gender. There was a significant
                  difference in the categories of MCI between males and females. C1 appearance was seen relatively greater in males and C3 appearance
                  was predominantly seen in females. (Table  3)
               

            

            
                  Comparison of GI, AI, MI and PMI in relation to gender in difference age groups

               GI, AI is influenced by gender in the age group of 21-30 years and was statistically significant whereas MI, PMI was not statistically
                  significant. 51-60 years — GI, AI was strongly significant whereas MI, PMI did not show statistically significant result.GI, AI, MI was
                  influenced by gender in the age group of 61-70 years whereas PMI was not statistically significant.(Table  4)
               

            

            
                  GI/ AI/ MI/ PMI/ MCI distribution of patients studied with dentition status

               GI, MI, PMI did not exert a significant effect on the dentition. Whereas AI showed a significant effect among the 3 groups
                  of dentition. Hence, C1 cortical appearance was predominantly seen in dentulous patients whereas in partially and completely
                  edentulous patients, C2 and C3 was the most common cortical appearance. (Table  5)
               

            

            
                  Comparison of age, GI, AI, MI and PMI in relation to dentition status

               GI, AI is strongly influenced by the dental status whereas MI, PMI was contrast with other index (Figure  2)
               

            

            
                  Comparison of age, GI, AI and MI in relation to dentition in different age groups

               Among the age groups of 21-30 years, 31-40 years, 41-50 years and 61-70 years, the mean values of GI, AI, MI and PMI are not
                  statistically significant. In the age group of 51 – 60 years, AI was significantly higher among dentulous patients, followed
                  by partially edentulous and completely edentulous which is strongly significant. Hence, dentition has a significant effect
                  on the AI and MI only in the age group of 51 – 60 years (Table  6).
               

            

         

         
               Discussion

            In humans, bone is constantly resorbed and formed by the process known as remodelling. Bone loss occurring with age is a commonly
               observed phenomenon. From 3rd to 5th decade, the amount of bone formed approximately equals the amount resorbed irrespective
               of the gender. With aging, the amount of bone resorbed by osteoclasts is not fully restored with bone deposited by osteoclasts
               and this imbalance leads to loss of bone mass and strength.9 Estrogen plays a pivotal role in maintaining positive balance in bone remodelling by supporting osteoblasts and preventing
               bone resorption by suppressing osteoclast formation, stimulating osteoclast apoptosis, and counteracting oxidative stress.10

            Peak bone mass is achieved during early adulthood but varies between men and women. Both men and women start losing bone in
               their 40s. Women experience a rapid phase of loss during the first 5–10 years after menopause, due to loss of estrogen. In
               men, this phase is obscure, since there is only a slow and progressive decline in sex steroid production. Hence, the loss
               of bone in men is linear and slower.11 This loss of bone in both men and women lead to a more porous bone leading to a condition called osteoporosis.4

            Various studies have demonstrated that osteoporotic individuals have altered morphology of mandible and also there exists
               a good correlation between the mandibular and skeletal bone mineral densities. Dental radiographs, especially panoramic images
               have been used to predict patients with low BMD. Hence, by using various qualitative and quantitative radiomorphometric indices,
               it is possible to measure the bone mineral density of mandible on panoramic radiographs. These radiographs are relatively
               inexpensive, and they are already being made regularly as an aid in the diagnosis of oral and dental diseases. They may also
               provide information on a patient’s osteoporotic status and thus display enormous potential in being used as a screening tool
               for osteoporosis.12 Therefore we as oral physicians can identify low BMD using the panoramic radiographs and create awareness of osteoporosis.
               Although many studies have been conducted on radiomorphometric indices of mandible, very few correlative studies have been
               conducted on younger populations. Therefore, in our study we also included younger individuals to determine whether osteoporotic
               bone changes occurred earlier than they were actually detected, by using mandibular indices. In addition, not many studies
               have conducted to study the effect of dentition on the indices. Hence, our study was conducted to go one step closer by also
               assessing the effect of dentition on the mandibular indices together with age and gender. In terms of age, GI (Table  2)showed a negative correlation with age which was statistically significant.AI also (Table  2) showed a downward trend with age which was of statistical significance. (p value <0.050) These findings are in accordance
               with a study conducted by Ledgerton et al.,6 Bras et al.13 and Kribss et al.14 This could be attributed to the age related bone loss.
            

            A sharp decline in mean values of MI starting from the age of 61 years only in females was noted in our study (Table  4) which was of statistical significant. It is in accordance with a studies conducted by Knezovic Zlataric et al.15 and Govindraju et al.4 This could be due to post-menopausal bone loss. PMI had a significant influence on age. There was a drastic dip in the mean
               PMI values starting from the age of 41 years (Table  2) which was of statistical significance. These findings were in accordance with previous studies conducted by Raghdaa et al.16 Nemati, et al.17 and Bathla et al.18 It can be explained by the age changes in cortex.
            

            Among the 3 categories of MCI, C1 was the most detected category followed by C2 and C3 being the least. This finding is consistent
               with the previous studies conducted by A Gulsahi et al.19 and Govindraju et al.4 C1 was seen in younger males and females, but as age advanced, the number of individuals who had C2 and C3 categories increased
               (Table  3) which was found to be statistically significant. This is correlating with the results of previous studies which were conducted
               by Knezovic-Zlataric et al.15 Gulsahi et al.19 and Haster et al.20 This is because the prevalence of porosity in the mandibular cortex increases with age. Several radiographic studies have
               shown reductions in mandibular cortical thickness in older females. Although both men and women are affected, women lose bone
               mass at a rate which is three times that of men, especially after menopause.
            

            As discussed above, the mean GI values were considerably lower in females compared to males (Table  3) which was statistically significant. This finding is in accordance with a study conducted by Alonso MBCC et al.21 It can be explained by the constitutional differences between sexes. Our study reported a notable decrease in antegonial
               bone thickness (AI) among elderly females and that resorption was lower among elderly males (Table  3) which was of statistical significance. This is consistent with the studies conducted by Dutra et al.22 and Ivona Musa et al.23 The reason being that osteoporosis was more often seen in older females. The mean values of MI were lower in females compared
               to males (Table  3) which was statistically significant. This finding is in accordance with the previous studies conducted by Dagistan and Bilge24 and Alonso MBCC et al.21 The females of older age group demonstrated lower MI values (Table 4)which was of statistical significance. This is in accordance
               with the studies conducted by Benson et al., Dutra et al.25, Raghdaa et al. 16 and Ivona Musa et al.23 It could be attributed to the fact that osteoporosis was more often seen in older females.
            

            There was no significant difference in the mean values of PMI between both sexes except in the age group of 31 to 40 years,
               where females had lower values (Table  4) which was found to be statistically insignificant. This finding is in accordance with a previous studies conducted by Raghdaa
               et al.16 This could be because of a lower distance between the mental foramen and the inferior cortex of the mandible owing to skeletal
               variations between sexes. However, this was in contrast to the study conducted by Hastar et al.20 It could be attributable to difference in race.
            

            There was a statistically significant difference amongst the categories of MCI between males and females. C1 appearance was
               predominantly seen in males, C2 was equally seen among the either gender whereas C3 appearance was predominantly seen in females
               (Table  3). This finding is in agreement with the studies conducted by Knezovic-Zlataric et al.15 Gulsahi et al.19 Haster et al.20 and Govindraju et al.4 This might be explained by the hormonal differences between males and females resulting in more pronounced and faster bone
               mass loss in females. Some investigators have revealed the effect of dental status on radiomorphometric indices which was
               correlating in the present study as well. The mean GI values were lowest in completely edentulous patients followed by partially
               edentulous and then dentulous patients (Figure  2 Graph 2) which was statistically significant. These findings are in accordance with the studies conducted by Bras et al.13, Ledgerton et al.16 and Dutra et al.22 This could be attributed to the masticatory muscle atrophy with age in edentulous individuals. Similarly, the mean AI values
               were lowest among completely edentulous patients followed by partially edentulous and then dentulous patients (Figure  2) which was of statistical significance which is in concurrence to the previous studies conducted by Ledgerton et al.6 and Khayam et al.26 This could be due to the change in structure and function of masticatory muscles with age in edentulous individuals.
            

            The mean MI values were highest among dentulous patients, followed by partially edentulous and then least in edentulous patients
               (Table  6), which was statistically significant. This is in concurrence with the previous study conducted by Ledgerton et al.6 This could be due to remodelling of edentulous mandible and masticatory muscles change in structure and function with age.
               However, it is in contrast with the study conducted by Dutra et al.22 which can be attributable to the difference in race, the age group selected and the span of edentulousness.
            

            There was no significant difference in the mean values of PMI among different dental groups. (Figure  2). The findings of our study is in accordance with the studies conducted by Dutra et al.22, Ledgerton et al.6 and Raghdaa et al.16 The reason may be though there is alveolar bone resorption above the foramen, distance from foramen to inferior border remains
               constant throughout life. Amongst the three categories of MCI, we found C2 and C3 cortical appearances predominantly among
               partially and completely edentulous patients, whereas C1 in dentulous patients (Table  5) which was of statistical significance. Our study findings were in accordance with the findings of studies conducted by Gulsahi
               et al.19 and Nemati et al.17 This could be due to increase in the prevalence of porosity with the loss of teeth. Although radiomorphometric indices are
               regarded as an ancillary method for the diagnosis of osteoporosis on panoramic radiographs, they should be a routine procedure
               in dental examination and dentists may be able to refer postmenopausal women younger than 65 years for bone densitometry on
               the basis of incidental findings on dental panoramic radiographs. Hence, it is advocated that oral physicians play an unique
               role in screening of patients for the evaluation of osteopenia /osteoporosis. 
            

         

         
               Source of Funding

            None.

         

         
               Conflict of Interest

            None.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Dervis, E,   (2005). Oral implications of osteoporosis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 100(3), 349–56. 10.1016/j.tripleo.2005.04.010

                  

                  
                     
                        2 
                              

                     

                     Leite, A F, Figueiredo, P T de S, Guia, C M, Melo,  N S & Paula, A P de,   (2010). Correlations between seven panoramic radiomorphometric indices and bone mineral density in postmenopausal women.
                        Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 109(3), 449–56. 10.1016/j.tripleo.2009.02.028

                  

                  
                     
                        3 
                              

                     

                     White, S C,   (2002). Oral radiographic predictors of osteoporosis. Dentomaxillofac Radiol, 31(2), 84–92. 10.1038/sj.dmfr.4600674

                  

                  
                     
                        4 
                              

                     

                     Govindraju, P & Kumar, T S Mahesh,   (2015). Panoramic Radiomorphometric Indices of Mandible: Biomarker for Osteoporosis. Biomarkers in Bone Disease. Biomark Dis, 25(2), 507–28.
                     

                  

                  
                     
                        5 
                              

                     

                     Alonso, M, Cortes, A, Camargo, A J, Arita, E S, Neto, F H & Walanabe, P,   (2011). Assessment of panoramic radiomorphometric indices of mandible in a Brazilian population. Rheumatology, 2011(854287), 1–6. 10.5402/2011/854287

                  

                  
                     
                        6 
                              

                     

                     Ledgerton, D, Horner, K, Devlin, H & Worthington, H,   (1999). Radiomorphometric indices of the mandible in a British female population. Dentomaxillofac Radiol, 28(3), 173–81. 10.1038/sj/dmfr/4600435

                  

                  
                     
                        7 
                              

                     

                     Khayam, E, Tavakoli, M A, Varshosaz, M, Moeini, M, Razavi, S H & Tavakoli, N A,   (2012). Evaluation of the Correlation between Antegonial and Mental Indices with Age, Gender, and Dental Status. Am J Sci, 8(7), 617–37. 10.18231/j.idjsr.2020.013

                  

                  
                     
                        8 
                              

                     

                     Duncea, I, Pop, A & Georgescu, C E,   (2013). The relationship between osteoporosis and the panoramic mandibular index. Int J BiofluxSoc, 5(1), 14–8.
                     

                  

                  
                     
                        9 
                              

                     

                     Bajoria, A A, Ml, A, Kamath, G, Babshet, M, Patil, P & Sukhija, P,   (2015). Evaluation of Radiomorphometric Indices in Panoramic Radiograph - A Screening Tool. Open Dent J, 9(2), 303–10. 10.2174/1874210601509010303

                  

                  
                     
                        10 
                              

                     

                     Cervellati, C, Bonaccorsi, G, Cremonini, E, Romani, A, Fila, E & Castaldini, M C,   (2014). Oxidative stress and bone resorption interplay as a possible trigger for postmenopausal osteoporosis. BioMed Res Int, 2014(569563), 1155. 10.1155/2014/569563

                  

                  
                     
                        11 
                              

                     

                     Manolagas, S C,   (2000). Birth and death of bone cells: basic regulatory mechanisms and implications for the pathogenesis and treatment of
                        osteoporosis. Endocr Rev, 21(2), 115–52. 10.1210/edrv.21.2.0395

                  

                  
                     
                        12 
                              

                     

                     Geraels, W G M, Verheij, J G C, Stelt, P F V Der, Horner, K, Lindh, C & Karayianni, K N,   (2007). Osteoporosis and the general dental practitioner: reliability of some digital dental radiological measures. Commun Dent Oral Epidemiol, 35(6), 465–71. 10.1111/j.1600-0528.2006.00357.x

                  

                  
                     
                        13 
                              

                     

                     Bras, J, Ooij, C P, Van Abraham-Inpijn, K, Kusen, G J & Wilmink, J M,   (1982). Interpretation of the mandibular angular cortex: a diagnostic tool in metabolic bone loss. Part I. Normal state
                        and postmenopausal osteoporosis. Oral Surg, 53, 541–546.
                     

                  

                  
                     
                        14 
                              

                     

                     Kribbs, P J & Smith, D E,   (1983). Chesnut 3rd CH. Oral findings in osteoporosis (part II): relationship between residual ridge and alveolar bone resorption
                        and generalized skeletal osteopenia. J Prosthet Dent, 50(5), 719–43. 10.1016/0022-3913(83)90215-9

                  

                  
                     
                        15 
                              

                     

                     Zlataric, K, Celebic´, D, Lazic´, A, Baucic´, B, Komar, I & Ovcaricek, D,   (2002). Influence of age and gender on radiomorphometric indices of the mandible in removable denture wearers. Coll Antropol, 26(1), 259–66.
                     

                  

                  
                     
                        16 
                              

                     

                     Raghdaa, A,   (2011). Effect of age, sex, and dental status on mental and panoramic mandibular indices of the mandible: a retrospective
                        study. Egypt J Oral Maxillofac Surg, 2(1), 22–6. 10.1097/01.OMX.0000395515.46408.51

                  

                  
                     
                        17 
                              

                     

                     Nemati, S, Kajan, Z D, Saberi, B V, Arzin, Z & Erfani, M H,   (2016). Diagnostic value of panoramic indices to predict osteoporosis and osteopenia in postmenopausal women. J Oral Maxillofac Radiol, 4(2), 23–30. 10.4103/2321-3841.183820

                  

                  
                     
                        18 
                              

                     

                     Bathla, S, Srivastava, S K, Sharma, R K & Chhabra, S,   (2015). Panoramic mandibular index: Effect of age and gender related variations in the North-Indian population. Int J Med Dent Sci, 4(2), 765–74. 19056/ijmdsjssmes/2015/v4i2/79797

                  

                  
                     
                        19 
                              

                     

                     Gulsahi, A, Yuzugullu, B, Imirzahoglu, P & Gene, Y,   (2008). Assessment of panoramic radiomorphometric indices in Turkish patients of different age groups, gender and dental
                        status. DentomaxillofacRadiol, 37(5), 288–92. 10.1259/dmfr/19491030

                  

                  
                     
                        20 
                              

                     

                     Hastar, E, Yilmaz, H H & Orhan, H,   (2011). Evaluation of mental index, mandibular cortical index and panoramic mandibular index on dental panoramic radiographs
                        in the elderly. Eur J Dent, 5(1), 60–7.
                     

                  

                  
                     
                        21 
                              

                     

                     Alonso, M B C C , Cortes, A R G, Camargo, A J, Arita, E S, Neto, F H & Walanabe, P C A,   (2011). Assessment of panoramic radiomorphometric indices of mandible in a Brazilian population. Rheumatology, 2011(5), 854287. 10.5402/2011/854287

                  

                  
                     
                        22 
                              

                     

                     Dutra, V, Susin, C, Costa, N P Da, Veeck, B, Bahlis, E & Correa, A D R,   (2007). Measuring cortical thickness on panoramic radiographs: a validation study of the Mental Index. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 104(5), 686–91. 10.1016/j.tripleo.2007.03.034

                  

                  
                     
                        23 
                              

                     

                     Musa, I, Zlataric, D K, Celebic, A & Bosnjak, A,   (2002). The influence of gender and age on the values of linear radiomorphometric indices measured on the lower border of
                        mandible. Acta Stomatol Croat, 36(2), 199–202.
                     

                  

                  
                     
                        24 
                              

                     

                     Dagistan, S & Bilge, O M,   (2010). Comparison of antegonial index, mental index, panoramic mandibular index and mandibular cortical index values in
                        the panoramic radiographs of normal males and male patients with Osteoporosis. Dento maxilloFac Radiol, 39(5), 290–4. 10.1259/dmfr/46589325

                  

                  
                     
                        25 
                              

                     

                     Benson, B W, Prihoda, T J & Glass, B J,   (1991). Variations in adult cortical bone mass as measured by a panoramic mandibular index. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 71(3), 349–56. 10.1016/0030-4220(91)90314-3

                  

                  
                     
                        26 
                              

                     

                     Khayam, E, Tavakoli, M A, Varshosaz, M, Moeini, M, Razavi, S H & Tavakoli, N A,   (2012). Evaluation of the Correlation between Antegonial and Mental Indices with Age, Gender, and Dental Status. Am J, 8(7), 617–37.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Radiomorphometric indices as indicator in osteoporosis-A digital panaromic study


      
        		
          Content
        


      


    
  

