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Abstract 

Throughout life, regressive changes occur in all of the 

body tissue including bone. Osteoporosis is one of such 

changes in human skeletal system, which initiates with 

the minimal bony changes called osteopenia. In most 

intense cases, this bony change begins with jawbones. In 

female population, post-menopausal individual has a 

faster rate of osteoporosis due to some hormonal 

changes whereas; in general, population it starts after the 

fourth decade of life osteoporosis starts. With the help of 

panoramic radiograph, we can assess bony changes of 

jaws and it is helpful to determine the osteoporotic 

changes. In panoramic radiograph, we can evaluated the 

qualitative and quantitative panoramic indices such as 

panoramic mandibular index (PMI) to determine the 

sexual dimorphism and assess the bone mineral density 

(BMD) as it is mostly influenced by age and gender.  

A total no of 100 patients (50 male and 50 female) in the 

age group of 50-80 years were taken for the evaluation. 

Orthopantomogram (OPG) of each patient was taken and 

evaluated by Side axis 4 Viewer (Sinora) software. All 

the measurement was done by three professionals and 

the mean value was subjected to statistical analysis.  

An independent t-test was used to determine the result. 

The mean of the age was 59.450 and the standard 

deviation was 7.022 for both groups. In males the mean 
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SL was 17.32 mm, mean IL was 14.15 mm and the mean 

MCW was 4.23mm... In females, the mean SL was 

15.45mm, mean IL 12.94mm and the mean MCW was 

3.89. In further calculation in males and females the 

mean sPMI and mean iPMI 0.24mm and 0.29 mm, 

0.22mm and 0.26 respectively. In sPMI, iPMI and MCW 

parameters the the P value 0.084, 0.020 and 0.001 

respectively and which were significant. 

Keywords: MCW, iPMI, BMD 

Introduction 

Remodeling of bone is a natural process in which bone 

undergoes ceaseless transformation caused by the 

continuous formation and resorption. In this process, old 

bone is eliminated and newly formed bone takes place 

and overall bone mineral density (BMD) is maintained.1 

The amount of bone resorption increases than the 

formation and as a result BMD becomes lower in elderly 

people. In postmenopausal women, the resorption rate is 

quite higher and BMD becomes lower. As a result of 

resorption, osteopenia takes place and it changes to 

osteoporosis at longer period. BMD is a standard gauge 

for the measurement of bone mass in mg/cm2 at a 

specific site.1,2  

Osteoporosis is defined as “disease characterized by low 

bone mass and micro architectural deterioration of bone 

tissue, leading to enhanced bone fragility and a 

consequent increase in fracture risk.” Physiological 

factors that regulates the osteoporosis are mostly age and 

gender. Prognosis of osteoporosis is dependent on those 

factors.2,3  

Osteoporosis can be appreciated in various parts of 

human body but as a dental professional, we consider 

mandible as a diagnostic area of interest. Quality and 

quantity of jawbones plays an important role on dental 

treatment as well as prognosis of the treatment. In 

orthopantomogram, we can appreciate the jaw bone 

quality and quantity by assessing the BMD, osteoporosis 

or osteopenia in various regions like inferior cortex of 

mandible, cortical width of the mandible and so on.1,4  

In forensics, human identification is an important 

criterion to achieve. Dental identification is a positive 

method to identify the affected human. In disaster victim 

identification, in mass killing victim identification, the 

panoramic radiograph is an important tool to identify the 

victims. In panoramic radiographs, we appreciate 

various area of orofacial region to determine the victim. 

In order to identify the victim first determination of the 

gender is necessary. In orthopantomogram, the sexual 

dimorphism can be assessed in various way like 

determining the length of the mandible, width of the 

cortical bone and so on.4   

Various radio morphometric indices like panoramic 

mandibular index (PMI), mental index (MI), gonion 

index (GI), antigonial index (AI), mandibular cortical 

index (MCI) are used to determine the osteoporosis, 

osteopenia or to assess the difference between them and 

sexual dimorphism. PMI is the ratio of the thickness of 

the mandibular cortex to the distance between the mental 

foramen and the inferior mandibular cortex.5,6 

However, the dual energy x ray absorptiometry (DXA) 

scan is the gold standard for the measurement of the 

BMD. DXA scanner produces both the high and low 

energy x-ray and the scanner measures the amount of x-

rays pass through the bone. It measures the difference 

between the absorption of the high and low energy x-

rays pass through the bone. World health organization 

(W.H.O) has given certain criteria to measure the bone 

density.7 It recommends assessing the T-score to 

determine the normal, osteoporosis, and osteoporosis in 

human. T-score is calculated by measuring the 

difference between patient’s measure BMD and mean 

BMD in young adults, which is relative to the young 
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adult population standard deviation. T ≥ -1.0, -2.5 < T < 

-1.0 and T ≤ -2.5 respectively represents the normal, 

osteopenia and osteoporosis.7,8  

Materials and Methods 

The institutional ethical committee for research 

approved this study. A total of 100 patients (50 females 

and 50 males) visited to the department of oral medicine 

and radiology, Teerthankar Mahaveer Dental College 

were randomly selected for the study. The age group 

were take 50-78 years of age as the mean age was 59.45 

years. First, the importance and necessity of the study 

was explained to the patients and instructed to remove 

all the artificial objects like denture, ear rings, hair bands 

from head and neck region before the scans. Informed 

consent was obtained for the same from the patients.  

Inclusion criteria were 

1. Individual above 50 years of age. 

2. Post menopause (after 12 months of amenorrhea with 

no obvious pathology). 

3. Females with no history of oophorectomy or 

hysterectomy. 

Exclusion criteria were  

1. Smokers, alcoholics, any systemic disease which can 

affect the bone. 

2. Pathology affected the jawbones like cysts, tumors 

etc. 

Aim of the study was to determine the panoramic 

mandibular index and mandibular cortical width or 

mental index as a screening tool for the assessment of 

BMD and determine the sexual dimorphism. Objectives 

were to assess the risk of osteoporosis and to determine 

the gender of individuals.  

All the patients were subjected to othopantomogram 

(Planmeca Proline XC, Finland) with proper radiation 

protection measures. 68-72 kVp was selected according 

to patient factors and 7 mA was selected with the total 

filtration of 2.5 mm Al. Then the OPGs were obtained 

by the Planmeca Romex is software with the patients 

details incorporated and were assessed by the Sidexis 4 

software. Assessment was done by the three Oral 

Medicine and Radiology specialists in the same 

conditions to reproduce better result. 

All the measurements were done in the Sidexis 4 

software. Following measurements were calculated- 

1. Superior Length (SL) - SL is the distance between the 

superior margin of the mental foramen and the inferior 

border of mandible. In figure 1. A-A’ represents the SL. 

2. Inferior Length (IL) – IL is the distance between 

inferior margin of the mental foramen and the inferior 

border of the mandibble. In figure 1. B-B’ represents the 

IL. 

3. Mandibular cortical width (MCW) or mental index 

(MI) - First described by Ledgerton et al.3 A 

perpendicular line was traced which passes through the 

center of mental foramen to the lower border of 

mandible tangentially. In figure 2. C-C’ represents the 

MCW.  

After the measurements of these three distances, PMI 

was calculated. It was first described by Benson et al in 

19911,3. 

1. Superior PMI (sPMI) = MCW/SL or MI/SL 

2. Inferior PMI (iPMI) = MCW/IL or MI/IL 

All the measurements were calculated bilaterally in the 

OPGs as the bone density may vary due to the different 

occlusal forces in both the sides and the mean value of 

the right and left side of the individuals were subjected 

to statistical analysis using t-test. All the data obtained 

from the each patient by one of the observers were 

documented in a specific pro forma specially designed 

for the study (Table 1 & 2). To determine the accuracy 

among the observers the Pearson’s correlation was 

performed. The correlation coefficient was significant.  
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Result 

In males and females, the mean age was 56.82 and 62.08 

years respectively. In males, the mean SL, IL and MCW 

were 17.32mm, 14.15mm and 4.23mm respectively. 

Henceforth, the mean sPMI and iPMI were calculated as 

0.24 and 0.29 respectively on males. In females, the 

mean SL, IL and MCW were 15.45mm, 12.94mm and 

3.98mm respectively. Henceforth, the mean sPMI and 

iPMI were 0.22 and 0.26 respectively in females. (Table 

1 & 2) 

Mean age of the 100 study subjects was 59.45 years. 

Standard deviation (SD) for age was 7.02287 (Table 3). 

The mean SL and IL were higher in males than females 

with a mean difference of 1.90 and 1.20 respectively and 

it was statistically significant (Table 4 & 5). The mean 

MCW or MI also higher in males than females with a 

mean difference of 0.80 that was statistically significant 

(Table 6). The mean sPMI and iPMI were slightly higher 

in males than females with a mean difference of 0.02 and 

0.03, which was also statistically significant (Table 7 & 

8). 

Discussion 

Bone growth is encouraged by sex hormones such as 

testosterone and estrogen in males and females 

respectively.8 Bone mass reach to its maximum at the 

age of 40yrs in males and 30-35yrs in females.9 

Osteoclastic activity of bone is stimulated by specific 

cytokines and this activity is prevented by estrogen, thus 

preventing osteoporosis. As Estrogen level decreases, it 

will increase osteoclastic activity by parathyroid 

hormones. Vitamin D synthesis is also affected by 

decrease in estrogen level which ultimately leads to 

reduction in calcium absorption.6,8 

Benson et al in 1991 first proposed the PMI as a radio 

morphometric method. They suggested that the distance 

between mental foramen and inferior border of mandible 

is remain relatively constant throughout the life.9,10 It is 

partially based on the method suggested by the Wical 

and Swoope for the determination of the correlation of 

residual ridge resorption (RRR) with mandibular height 

below the inferior edge of the mental foramen. The PMI 

evaluation procedure is a simple method. Only 

difficulties in this study was to determine the borders of 

the mental foramina in some cases. Mean of the bilateral 

measurements was calculated in this study.11,12,22  

In this study sPMI and iPMI in males were 0.24 and 0.29 

and in females were 0.22 and 0.26 and the mean 

difference was 0.02 and 0.03 which were similar to the 

study conducted by Benson et al in American population 

(Mean PMI- 0.31-0.35 in males and 0.25-0.26 in 

females)1,6,12,21. Bertha et al observed the similar result 

(mean PMI 0.30-0.38 in males and 0.28-0.36 in females) 

in Indian population. Rao et al3,20 and Khaitan et al1 also 

get the similar result in their study in Indian population 

as (mean PMI in males and females - 0.26–0.28) and 

(mean sPMI and iPMI in males were 0.22-0.26 and 0.27-

0.33 and in females were 0.23-0.27 and 0.29-0.35) 

respectively.  

Like in our present study, most of the current studies 

shows a higher range of PMI (sPMI and iPMI) in males 

than in females. Therefore, this radio morphometric 

index (PMI) is reliable enough to rule out the higher risk 

category for osteoporosis. Post-menopausal women are 

in the higher risk category to show reduced BMD than 

men in similar age group. 

According to Devlin and Horner, 13,14,19 a cortical width 

of 3mm was the most appropriate threshold for referral 

for bone densitometry. In our current study, we got the 

result of MCW in males and females as 4.23 and 3.98 

respectively, which was similar to the result obtained by 

the study conducted by Khaitan et al1 (3.96-4.71 in 

males and 3.86-4.54 in females). Hardanti et al observed 
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the similar result (3.928 in males and 3.155 in females) 

obtained by our current study. Klemetti et al15,18 and 

White et al1,14 suggested that mid 4mm range is the more 

apposite for MCW. 

For the evaluation of sexual dimorphism, the sPMI and 

iPMI were assessed for both the groups 0.24 and 0.29 in 

males and 0.22 and 0.26 in females respectively. In our 

current study we found the mean sPMI and iPMI are 

slightly higher in males than in females which was 

statistically significant. Kalinowski15,16,18 et al also found 

the similar result. 

In our study the mean SL and IL were observed higher 

in males than in females (mean SL and IL in Males were 

17.32 and 14.15 and mean SL and IL in females were 

15.45 and 12.94) which was similar to result obtained by 

Khaitan et al1,17.  

All the parameters were used in this study like SL, IL, 

PMI, MCW or MI shows significant statistical result in 

terms of evaluating sexual dimorphism.  

Limitations  

This study does not represent any specific age/race 

group for assessment of the BMD and sexual 

dimorphism. As our sample size was small, the result 

may vary in larger population groups. To determine the 

sexual dimorphism, we only assessed the above 50 age 

groups but it may vary in younger ages. 

Conclusion 

After the assessment of all the result it can be concluded 

that, PMI and MCW or MI as radio morphometric 

indices can be considered as a reliable tool for 

determining the bone mineral density. But in terms of 

assessing the sexual dimorphism PMI and MCW may 

vary as very few research have been done, though in our 

current study we got statistically significant result of 

PMI and MCW to determine the sexual dimorphism. 

Ethical clearance – Taken from university ethical 

committee for research. 
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Legend Figure  

 
Figure 1: SL is the distance between the superior margin 

of the mental foramen and the inferior border of 

mandible. A-A’ represents the SL. IL is the distance 

between inferior margin of the mental foramen and the 

inferior border of the mandible. B-B’ represents the IL 

 
Figure 2: C-C’ represents the MCW or MI 

 
Figure 3: Bilateral measurements were done in this 

manner to measure the SL, IL and MCW or MI for all 

the subjects and the mean value was calculated. 

Table 1: sPMI & iPMI in males 

Sn. Sex Age (Years) Mean SL Of 

Left & Right 

(mm) 

Mean IL 

Of Left & 

Right (mm) 

Mean MCW 

or MI 

Of Left & 

Right (mm) 

sPMI = MCW 

or MI/SL 

Mean of Left & 

Right (mm) 

iPMI = MCW or 

MI/IL 

Mean of Left & 

Right (mm) 

1. Male 50 20.13 16.90 5.11 0.25 0.30 

2. Male 50 19.25 16.82 4.91 0.25 0.29 

3. Male 50 19 16.71 2.44 0.12 0.14 

4. Male 51 18.47 15 3.95 0.21 0.26 

5. Male 51 17.67 15.11 4.78 0.27 0.31 

6. Male 52 18.56 16 5.09 0.27 0.31 

7. Male 52 19.12 16.21 3.99 0.20 0.24 

8. Male 53 20.49 16.25 3.67 0.17 0.22 
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9. Male 53 21.38 16.01 3.56 0.16 0.22 

10. Male 53 16.09 14 4.91 0.30 0.35 

11. Male 53 17.22 14.11 5 0.29 0.35 

12. Male 54 17.34 13 4 0.23 0.30 

13. Male 54 16.05 13.89 3.82 0.23 0.27 

14. Male 54 17.65 13.41 2.99 0.16 0.22 

15. Male 55 15.76 12.55 3.11 0.19 0.24 

16. Male 55 16.77 13.80 2.43 0.14 0.17 

17. Male 55 18.59 13.31 3.92 0.21 0.29 

18. Male 55 19.43 14.01 4.33 0.22 0.30 

19. Male 55 15.66 12.11 3.98 0.25 0.32 

20. Male 55 14.76 12 4.90 0.33 0.40 

21. Male 55 14.90 11 2.13 0.14 0.19 

22. Male 55 16.08 12.97 3.22 0.20 0.24 

23. Male 55 16 12.98 3.45 0.21 0.26 

24. Male 55 17.46 14 4.01 0.22 0.28 

25. Male 56 16.55 13.01 3.44 0.20 0.26 

26. Male 56 16.33 13.97 4.33 0.26 0.30 

27. Male 57 15.91 12 5 0.31 0.41 

28. Male 57 14.61 12 4.99 0.34 0.41 

29. Male 57 17.87 14.95 4.97 0.27 0.33 

30. Male 57 16.04 14 3.98 0.24 0.28 

31. Male 57 16 13.39 4.15 0.25 0.30 

32. Male 58 17.91 14.91 4.54 0.25 0.30 

33. Male 58 18 15.21 5.11 0.28 0.33 

34. Male 58 16 13.05 4.91 0.30 0.37 

35. Male 59 15 12.46 3.42 0.22 0.27 

36. Male 59 15.77 12.22 4.22 0.26 0.34 

37. Male 59 17.34 14.56 3.19 0.18 0.21 

38. Male 59 17.09 14.78 5.21 0.30 0.35 

39. Male 59 16.97 14.99 4.19 0.24 0.27 

40. Male 60 16.74 14 5 0.29 0.35 

41. Male 60 16.91 13.92 4.97 0.29 0.35 

42. Male 60 16.84 14.02 4.32 0.25 0.30 

43. Male 60 17.40 15 3.99 0.22 0.26 
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44. Male 61 21.02 17.92 5.11 0.24 0.28 

45. Male 61 19.81 16.22 5.36 0.27 0.33 

46. Male 65 19 15.22 5.98 0.31 0.39 

47. Male 66 18.87 14.67 4.99 0.26 0.34 

48. Male 67 16.44 13.02 4.89 0.29 0.37 

49. Male 67 15.97 13.25 3.99 0.24 0.30 

50. Male 68 16 13 4 0.25 0.30 

  Mean Age = 

56.82 

Mean SL = 

17.32 

Mean IL = 

14.15 

Mean MCW 

or MI = 4.23 

Mean sPMI = 

0.24 

Mean iPMI = 

0.29 

Table.2: sPMI & iPMI in females. 

Sn. Sex Age 

(Years) 

Mean SL Of Left 

& Right (mm) 

Mean IL 

Of Left & 

Right (mm) 

Mean MCW 

or MI 

Of Left & 

Right (mm) 

sPMI = MCW 

or MI/SL 

Mean of Left 

& Right (mm) 

iPMI = MCW or 

MI/IL 

Mean of Left & 

Right (mm) 

1. Female 50 16.06 14.22 3.33 0.20 0.23 

2. Female 50 14.04 11.98 4 0.28 0.33 

3. Female 50 16.44 13.23 4.11 0.25 0.31 

4. Female 51 14.22 11.98 2.65 0.18 0.22 

5. Female 51 13.99 11.99 3.54 0.25 0.29 

6. Female 52 14.77 12.11 4.44 0.30 0.36 

7. Female 52 15.23 12.98 4.89 0.32 0.37 

8. Female 53 15 12.56 3.98 0.26 0.31 

9. Female 54 16 13.98 4.56 0.28 0.32 

10. Female 54 14.87 12.11 4.32 0.29 0.35 

11. Female 55 15.33 12.98 4.65 0.30 0.35 

12. Female 56 16.22 14.11 3.98 0.24 0.28 

13. Female 56 17.32 15 4.09 0.23 0.27 

14. Female 56 14.11 12 2.43 0.17 0.20 

15. Female 56 15.09 12.22 3.54 0.23 0.28 

16. Female 56 15.34 12 3.51 0.22 0.29 

17. Female 56 16.99 14 5.44 0.32 0.38 

18. Female 57 17 14.53 5 0.29 0.34 

19. Female 57 16.43 13.98 4.45 0.27 0.31 

20. Female 58 13.39 12.98 3.23 0.24 0.24 

21. Female 58 14.34 12.33 3.29 0.22 0.26 
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22. Female 58 15.09 13.21 4.93 0.32 0.37 

23. Female 59 15.99 13 4 0.25 0.30 

24. Female 60 16.43 14.76 3 0.18 0.20 

25. Female 60 16.65 14.34 2.33 0.13 0.16 

26. Female 61 15.77 12.32 1.54 0.09 0.12 

27. Female 62 15.33 12 3.04 0.19 0.25 

28. Female 63 15.97 14.1 4.21 0.26 0.29 

29. Female 64 14.99 12.44 4.44 0.29 0.35 

30. Female 65 15.34 12 3.54 0.23 0.29 

31. Female 66 16.42 14.44 3.56 0.21 0.24 

32. Female 66 18.43 16 3.15 0.17 0.19 

33. Female 67 14.55 12 2.50 0.17 0.20 

34. Female 67 15.97 13 4.20 0.26 0.32 

35. Female 68 15.56 12 4.01 0.25 0.33 

36. Female 68 15.44 12.22 3.98 0.25 0.32 

37. Female 68 15.01 12.97 4.33 0.28 0.33 

38. Female 69 15.34 13.33 2.11 0.13 0.15 

39. Female 70 16.78 15 1.34 0.07 0.08 

40. Female 70 14.44 11.98 1.90 0.13 0.15 

41. Female 71 14.54 12.49 2.21 0.15 0.17 

42. Female 71 13.53 11 2.44 0.18 0.22 

43. Female 71 15.98 13.30 2.58 0.16 0.19 

44. Female 72 14.54 12.65 2.65 0.18 0.20 

45. Female 72 14.37 11 2.98 0.20 0.27 

46. Female 73 16.65 14.08 4.79 0.28 0.34 

47. Female 74 15.29 13.09 3.95 0.25 0.30 

48. Female 75 15.99 12.44 3.70 0.23 0.29 

49. Female 78 14.56 11.98 1.56 0.10 0.13 

50. Female 78 13.98 11.01 1.32 0.09 0.11 

  Mean Age 

= 62.08 

Mean SL = 

15.45 

Mean IL = 

12.94 

Mean MCW 

or MI = 3.89 

Mean sPMI = 

0.22 

Mean iPMI = 

0.26 

Table.3: Mean age of the study subjects. 

 N Minimum Maximum Mean Std. Deviation 

Age Years 100 50.00 78.00 59.4500 7.02287 
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Table.4: Sexual dimorphism in SL parameter. 

 Sex N Mean Std. Deviation Std. Error Mean T value  P value  

SL Male 50 17.3244 1.64755 .23300 6.478 0.001 (Sig) 

Female 50 15.4222 1.05358 .14900 

Graph 1 

 
Table.5: Sexual dimorphism in IL plane. 

 Sex N Mean Std. Deviation Std. Error Mean T value  P value  

IL Male 50 14.1578 1.51185 .21381 4.531 0.001 (Sig) 

Female 50 12.9484 1.12989 .15979 

Graph 2 

 
Table.6: Sexual dimorphism in MCW parameter. 

 Sex N Mean Std. Deviation Std. Error Mean T value  P value  

MCW Male 50 4.2390 .83651 .11830 4.060 0.001 (Sig) 

Female 50 3.4744 1.03632 .14656 
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Graph 3 

 
Table.7: Sexual dimorphism in sPMI parameter. 

 Sex N Mean Std. Deviation Std. Error Mean T value  P value  

spmi Male 50 .2406 .05016 .00709 1.445 0.084 (Sig) 

Female 50 .2204 .06468 .00915 

Graph.4 

 

Table.8: Sexual dimorphism in iPMI parameter. 

 Sex N Mean Std. Deviation Std. Error Mean T value  P value  

imp Male 50 .2954 .05946 .00841 2.357 0.020 (Sig) 

Female 50 .2630 .07691 .01088 
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Graph 5 

 
 

 


