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ABSTRACT 

Background: Mandibular projective ramus height is one of the accurate parameters in 

age estimation.Estimation of age by mandibular ramusheight using various digital 

softwares is one of the newest approach in forensic dentistry. The aim of the present 

study is to derive a new linear regression formula for estimating age of south Indian 

population using mandibular projective ramus height. 

Materials and methods: This retrospective study included OPG samples n=260 from 5 

age groups between 30 to 79.9 years. Measurement of mandibular projective ramus 

height was done using Planmeca Romexis Viewer software and tabulated and exported 

to SPSS software for linear regression analysis. 

Result: Mean mandibular projective ramus height value of males (28.7) is higher 

compared to females (27.3) in all age groups and there is also a significant decrease in 

mandibular projective ramus height in both gender as the age advances. The gender 

specific and general linear regression formula derived for estimation of age in the South 

Indian population  

Conclusion: Even though the current linear regression formula for estimating age 

carries 65% accuracy, further research with adequate sample size should be carried out 

across the hospitals in Chennai for more significant and region specific results. 
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INTRODUCTION 

Determination of age is having paramount importance in forensic anthropology 

and medicolegal investigations (1). In case of mass disaster where the entire skull and 

pelvis is not available, mandible being a practical element to analyze the age and 

sexual dimorphism. Presence of a dense layer of compact bone makes it more durable 
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and well preserved than many other bones(2). Mandibular condyle and ramus are 

associated with remodelling during growth and undergo greatest morphological changes 

in size(3). Determination of age and sex using morphometric measurements of 

manibular ramusheight using various digital softwares is one of the newest approach in 

forensic dentistry(4).  The occlusal forces and age can influence the morphological 

status of the mandible and some studies have shown that remodeling of the mandibular 

bone occurs with age (5). Evidence suggested that there is a strong correlation between 

chronological age and the morphology of the mandibular ramus(6,7) . 

Several metric and non metric studies have been performed using mandibular 

ramus measurements for estimation of sex(8–10) and age(11,12).Few of the earlier 

studies in literature have concluded that mandibular ramus showed high sexual 

dimorphism and can be beneficial in age estimation(13). Projective ramus height is one 

of the accurate parameters in age estimation(14). The availability of recent studies 

using projective mandibular ramus height for estimation of age in indian population 

using orthopantomograph is very rare. The aim of the present study is to derive a new 

linear regression formula using mandibular projective ramus height for age estimation of 

south indian population.  

 

 

MATERIALS AND METHODS 

 The present study was conducted with  approval from the Institutional Human 

Ethical Committee, Saveetha dental College and Hospitals (SDC), Chennai. This 

retrospective study included n=260 samples and which were digital 

orthopantomogram(OPG). The age groups selected for the present study ranged 

between 30 to 79.9 years and included 5 groups (30-39.9, 40-49.9, 50-59.9, 60-69.9, 

70-79.9). Each group included 30 males and 30 females except for the last group(70-

79.9) which included 10 males and 10 females. The sample OPGs were retrieved from 

the archives of Saveetha dental college and hospitals and tabulated in MS Excel 

according to age and gender. OPGs of patients less than 30 years and greater than 80 

years were excluded. 
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The retrieved OPGs were converted to .jpg format and measurement of mandibular 

projective ramus height was done using PlanmecaRomexis Viewer software. The 

mandibular projective ramus height is recorded in such a way that the point of line of 

intersection from the highest projection point of the condyle to the lower margin of the 

bone. Figure 1 and Figure 2 showing the linear measurements of mandibular projective 

ramus height in male and female using PlanmecaRomexis Viewer software. The 

mandibular projective ramus height measurements were tabulated and exported to 

SPSS software for statistical analysis. Discriminant function analysis and regression 

formulas for the estimation of age were derived with a precision of 70%.  

 

RESULTS 

The result shows the mean age of the total sample was 50.26 years with a standard 

deviation of 2.7 years. Mean age of males was higher than females in two groups. 

Figure 3 shows the mean age of male and female in each age group. Mean mandibular 

projective ramus height of the total sample was 28.51 with a standard deviation of 3.03. 

The average linear measurement of mandibular projective ramus height of males (28.7) 

was higher when compared to females (27.3) in all the groups. In first group females, 

the standard deviation of mandibular projective ramus height is 1.84, which is less when 

compared to all the other groups (Table 1). There was a decrease in mean mandibular 

projective ramus height as age advances. The linear regression formula derived for 

estimation of age of the general South Indian population and separate gender specific 

formula for males and females are represented below.   

 

Linear regression Formula for general South Indian Population 

 

Age=(����−33.7)/(-0.1032)  +/- 7.8 years 

 

Linear regression Formula for Female 

 

Age=(����−33.31)/(−0.1077)  +/- 7.2 years 
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Linear regression Formula for Male 

 

Age=(����−34.05)/(−0.09787) +/- 7.4 years 

 

 

 

DISCUSSION 

 

Mandible is one of the most sexually dimorphic bone and mandibular ramus in 

particular is associated with the greatest morphological changes in size and remodeling 

during growth (15,16). Forensic anthropology uses the mandible as an age estimation 

tool  in morphometric studies because the mandible is durable and spared in conditions 

where skeletal integrity is compromised(17). Apart from that, growth rate, dimensional 

and morphological change of mandible accumulating over years can accurately reflect 

in the skeletal developmental state (18,19).  Franklin et al suggested that with 

morphological and dimensional assessment of the mandible, age estimation can be 

done with an error margin of 1.3-3.0 years (20).  

 In the present study, the mean age of males was higher than females in two 

groups which showed in figure 2 and figure 3. This could be due to the variations in the 

sampling process. The average linear measurement of mandibular projective ramus 

height of males was higher when compared to females in all the groups showed in 

figure 1. This was in agreement with Saini et al, who did a study on mandibles of 

Northern Indian population (92 males, 24 females, mean age 37.4 years) and found that 

all the ramus metric parameters were higher in males than females (10). Similarly, 

Indira et al in the Bangalore population, Vodanovic et al in Croatian population and  Al-

Shamout et al in Jordanian population also found that morphometric linear 

measurements of mandibles were higher in males when compared to females (21–23).  

This could be due to the greater masticatory force of males than females which can 

influence the bone size (23). Sex hormones also have an effect on mandibular shape 

and measurements and Weinberg et al explained a biological link between androgen 

exposure in prenatal period and the development of male facial characteristics(24). 
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In the present study, there was a decrease in mandibular projective ramus height as 

age advances. This was in accordance with Joo et al (25). This could be due to 

increased rate of resorption in the older age group. But there are few studies by Taleb 

et al-2015 and Behl et al 2020, which contradicts this observation (26,27). This 

difference could be due to geographical variations of sampling, non-random sampling 

and variations in sample size. 

 The linear regression formula derived using mean mandibular projective ramus 

height for age estimation of general South Indian population and separate gender 

specific formula carries 65% accuracy. This may be due to regional variations since we 

conducted the study as a hospital based study and regional stratification was not carried 

out during the study process. The limited sample size is also one of the disadvantages 

of the present study which can affect the accuracy of the regression model. 

 

CONCLUSION 

Males have statistically significant higher mean values of mandibular projective ramus 

height compared to females in all age groups and there is also a significant  decrease in 

mandibular projective ramus height in males and females as the age advances. The 

gender specific and general linear regression formula derived for estimation of age 

carries an accuracy of 65%. Further research with adequate sample size should be 

carried out across the hospitals in Chennai for more significant and region specific 

results. Even cone beam computed tomography can be used instead of OPG because it 

provides accurate measurements. 

 

 

 

REFERENCES 

1.  Srivastava RK, Kumar A, Ali I, Wadhwani P, Awasthi P, Parveen G. Determination 

of age and sex and identification of deceased person by forensic procedures. Univ 

Res J Dent. 2014;4:153–7. 

2.  Verma P, Saloni, Mahajan P, Puri A, Kaur S, Mehta S. Gender determination by 

https://paperpile.com/c/Xfl4zf/yJax
https://paperpile.com/c/Xfl4zf/BXyI+otpp
http://paperpile.com/b/Xfl4zf/WNO4
http://paperpile.com/b/Xfl4zf/WNO4
http://paperpile.com/b/Xfl4zf/WNO4
http://paperpile.com/b/Xfl4zf/4EOu


 

 

morphometric analysis of mandibular ramus in sriganganagar population: A digital 

panoramic study [Internet]. Vol. 31, Indian Journal of Dental Research. 2020. p. 

444. Available from: http://dx.doi.org/10.4103/ijdr.ijdr_547_17 

3.  Liu Y-P, Behrents RG, Buschang PH. Mandibular growth, remodeling, and 

maturation during infancy and early childhood. Angle Orthod. 2010 Jan;80(1):97–

105. 

4.  Chaurasia A, Professor A, Department of Oral Medicine & Radiology, Faculty of 

Dental Sciences, King Georgeâ€TMs Medical Unniversity Lucknow., Katheriya G, et 

al. Mandibular Ramus as Dimorphic Tool in Age and Sex Determination-A Cross 

Sectional Radio-Anthropometric Study on Digital Panoramic Radiograph [Internet]. 

Vol. 10, Indian Journal of Dental Education. 2017. p. 30–8. Available from: 

http://dx.doi.org/10.21088/ijde.0974.6099.10217.6 

5.  Huumonen S, Sipilä K, Haikola B, Tapio M, Söderholm A-L, Remes-Lyly T, et al. 

Influence of edentulousness on gonial angle, ramus and condylar height. J Oral 

Rehabil. 2010 Jan;37(1):34–8. 

6.  Franklin D, Cardini A. Mandibular Morphology as an Indicator of Human Subadult 

Age: Interlandmark Approaches [Internet]. Vol. 52, Journal of Forensic Sciences. 

2007. p. 1015–9. Available from: http://dx.doi.org/10.1111/j.1556-

4029.2007.00522.x 

7.  Norris SP. Mandibular ramus height as an indicator of human infant age. J Forensic 

Sci. 2002 Jan;47(1):8–11. 

8.  Rinki C, Leena R, Sushma KK. Sex determination by mandibular ramus using 

orthopantomograph in western Rajasthan population [Internet]. Vol. 66, Journal of 

the Anatomical Society of India. 2017. p. S52–3. Available from: 

http://dx.doi.org/10.1016/j.jasi.2017.08.167 

9.  More CB, Vijayvargiya R, Saha N. Morphometric analysis of mandibular ramus for 

sex determination on digital orthopantomogram. J Forensic Dent Sci. 2017 

http://dx.doi.org/10.4103/ijdr.ijdr_547_17
http://paperpile.com/b/Xfl4zf/hWDh
http://paperpile.com/b/Xfl4zf/hWDh
http://paperpile.com/b/Xfl4zf/hWDh
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/LxkH
http://paperpile.com/b/Xfl4zf/8y92
http://paperpile.com/b/Xfl4zf/8y92
http://paperpile.com/b/Xfl4zf/8y92
http://paperpile.com/b/Xfl4zf/hD6R
http://paperpile.com/b/Xfl4zf/hD6R
http://paperpile.com/b/Xfl4zf/hD6R
http://paperpile.com/b/Xfl4zf/hD6R
http://paperpile.com/b/Xfl4zf/sTgi
http://paperpile.com/b/Xfl4zf/sTgi
http://paperpile.com/b/Xfl4zf/Hnyv
http://paperpile.com/b/Xfl4zf/Hnyv
http://paperpile.com/b/Xfl4zf/Hnyv
http://paperpile.com/b/Xfl4zf/Hnyv
http://paperpile.com/b/Xfl4zf/Hnyv
http://paperpile.com/b/Xfl4zf/41kD
http://paperpile.com/b/Xfl4zf/41kD


 

 

Jan;9(1):1–5. 

10.  Saini V, Srivastava R, Rai RK, Shamal SN, Singh TB, Tripathi SK. Mandibular 

ramus: an indicator for sex in fragmentary mandible. J Forensic Sci. 2011 Jan;56 

Suppl 1:S13–6. 

11.  Rai B, Krishan K, Kaur J, Anand SC. Technical note: Age estimation from mandible 

by lateral cephalogram: a preliminary study. J Forensic Odontostomatol. 2008 Jun 

1;26(1):24–8. 

12.  Poongodi V, Kanmani R, Anandi MS, Krithika CL, Kannan A, Raghuram PH. 

Prediction of age and gender using digital radiographic method: A retrospective 

study. J Pharm Bioallied Sci. 2015 Aug;7(Suppl 2):S504–8. 

13.  Abu-Taleb NS, El Beshlawy DM. Mandibular Ramus and Gonial Angle 

Measurements as Predictors of Sex and Age in an Egyptian Population Sample: A 

Digital Panoramic Study [Internet]. Vol. 06, Journal of Forensic Research. 2015. 

Available from: http://dx.doi.org/10.4172/2157-7145.1000308 

14.  Byahatti S, Samatha K, Ammanagi R, Tantradi P, Sarang C, Shivpuje P. Sex 

determination by mandibular ramus: A digital orthopantomographic study [Internet]. 

Vol. 8, Journal of Forensic Dental Sciences. 2016. p. 95. Available from: 

http://dx.doi.org/10.4103/0975-1475.186367 

15.  Humphrey LT, Dean MC, Stringer CB. Morphological variation in great ape and 

modern human mandibles. J Anat. 1999 Nov;195 ( Pt 4):491–513. 

16.  Franklin D, O’Higgins P, Oxnard CE, Dadour I. determination of sex in south african 

blacks by discriminant function analysis of mandibular linear dimensions. Forensic 

Sci Med Pathol. 2006 Dec 1;2(4):263–8. 

17.  Damer N, Dimitrov K, Wilson RC, Hancock ER, Smith WAP. Practical View on Face 

Presentation Attack Detection. In: BMVC [Internet]. 2016. Available from: 

https://www.researchgate.net/profile/Naser_Damer/publication/317192721_Practica

l_View_on_Face_Presentation_Attack_Detection/links/5ac22e370f7e9bfc045e5044

http://paperpile.com/b/Xfl4zf/LMdB
http://paperpile.com/b/Xfl4zf/LMdB
http://paperpile.com/b/Xfl4zf/LMdB
http://paperpile.com/b/Xfl4zf/IHT2
http://paperpile.com/b/Xfl4zf/IHT2
http://paperpile.com/b/Xfl4zf/IHT2
http://paperpile.com/b/Xfl4zf/06kz
http://paperpile.com/b/Xfl4zf/06kz
http://paperpile.com/b/Xfl4zf/06kz
http://paperpile.com/b/Xfl4zf/S8kc
http://paperpile.com/b/Xfl4zf/S8kc
http://paperpile.com/b/Xfl4zf/S8kc
http://paperpile.com/b/Xfl4zf/S8kc
http://paperpile.com/b/Xfl4zf/S8kc
http://paperpile.com/b/Xfl4zf/k1Ch
http://paperpile.com/b/Xfl4zf/k1Ch
http://paperpile.com/b/Xfl4zf/k1Ch
http://paperpile.com/b/Xfl4zf/k1Ch
http://paperpile.com/b/Xfl4zf/k1Ch
http://paperpile.com/b/Xfl4zf/ssyg
http://paperpile.com/b/Xfl4zf/ssyg
http://paperpile.com/b/Xfl4zf/ysaz
http://paperpile.com/b/Xfl4zf/ysaz
http://paperpile.com/b/Xfl4zf/ysaz
http://paperpile.com/b/Xfl4zf/jOn7
http://paperpile.com/b/Xfl4zf/jOn7
http://paperpile.com/b/Xfl4zf/jOn7
http://paperpile.com/b/Xfl4zf/jOn7


 

 

/Practical-View-on-Face-Presentation-Attack-Detection.pdf 

18.  Rai B, Krishan K, Kaur J, Anand SC. Age estimation from mandible by lateral 

cephalogram: a preliminary study. J Forensic Odontostomatol [Internet]. 2008; 

Available from: 

https://www.researchgate.net/profile/Kewal_Krishan6/publication/225293172_Age_

estimation_from_mandible_lateral_cephalogram_A_prelimary_study/links/0046351

e0d73f01d39000000/Age-estimation-from-mandible-lateral-cephalogram-A-

prelimary-study.pdf 

19.  de Oliveira FT, Soares MQS, Sarmento VA, Rubira CMF, Lauris JRP, Rubira-

Bullen IRF. Mandibular ramus length as an indicator of chronological age and sex. 

Int J Legal Med. 2015 Jan;129(1):195–201. 

20.  Franklin D, Cardini A, O’Higgins P, Oxnard CE, Dadour I. Mandibular morphology 

as an indicator of human subadult age: geometric morphometric approaches. 

Forensic Sci Med Pathol. 2008;4(2):91–9. 

21.  Indira AP, Markande A, David MP. Mandibular ramus: An indicator for sex 

determination-A digital radiographic study. J Forensic Dent Sci [Internet]. 2012; 

Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/pmc3669477/ 

22.  Vodanović M, Dumančić J, Demo Ž, Mihelić D. Determination of sex by 

discriminant function analysis of mandibles from two Croatian archaeological sites. 

Acta Stomatol Croat. 2006 Sep 1;40(3):263–77. 

23.  Al-Shamout R, Ammoush M, Alrbata R. Age and gender differences in gonial angle, 

ramus height and bigonial width in dentate subjects. Pakistan Oral & [Internet]. 

2012; Available from: 

http://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&aut

htype=crawler&jrnl=10128700&AN=77927664&h=aH7n9wE3Llqx0anmJhWBYoDN

TPbgRGylxXO666xtuFqcHD3fu8BYaoSaSqB5AR0OYdMfEG%2BRnJm149eB6W

Q2KA%3D%3D&crl=c 

http://paperpile.com/b/Xfl4zf/30pp
http://paperpile.com/b/Xfl4zf/30pp
http://paperpile.com/b/Xfl4zf/30pp
http://paperpile.com/b/Xfl4zf/30pp
http://paperpile.com/b/Xfl4zf/30pp
http://paperpile.com/b/Xfl4zf/Gctv
http://paperpile.com/b/Xfl4zf/Gctv
http://paperpile.com/b/Xfl4zf/Gctv
http://paperpile.com/b/Xfl4zf/JYK4
http://paperpile.com/b/Xfl4zf/JYK4
http://paperpile.com/b/Xfl4zf/JYK4
http://paperpile.com/b/Xfl4zf/X3Me
http://paperpile.com/b/Xfl4zf/X3Me
http://paperpile.com/b/Xfl4zf/X3Me
http://paperpile.com/b/Xfl4zf/X3Me
http://paperpile.com/b/Xfl4zf/ronw
http://paperpile.com/b/Xfl4zf/ronw
http://paperpile.com/b/Xfl4zf/ronw
http://paperpile.com/b/Xfl4zf/tkl9
http://paperpile.com/b/Xfl4zf/tkl9
http://paperpile.com/b/Xfl4zf/tkl9
http://paperpile.com/b/Xfl4zf/tkl9
http://paperpile.com/b/Xfl4zf/tkl9


 

 

24.  Weinberg SM, Parsons TE, Raffensperger ZD, Marazita ML. Prenatal sex 

hormones, digit ratio, and face shape in adult males. OrthodCraniofac Res. 2015 

Feb;18(1):21–6. 

25.  Joo J-K, Lim Y-J, Kwon H-B, Ahn S-J. Panoramic radiographic evaluation of the 

mandibular morphological changes in elderly dentate and edentulous subjects. 

Acta Odontol Scand. 2013 Mar;71(2):357–62. 

26.  Taleb NSA, Beshlawy ME. Mandibular ramus and gonial angle measurements as 

predictors of sex and age in an Egyptian population sample: A digital panoramic 

study. J Forensic Res. 2015;6(5):1–7. 

27.  Behl AB, Grewal S, Bajaj K, Baweja PS, Kaur G. Mandibular ramus and gonial 

angle—Identification tool in age estimation and sex determination: A digital 

panoramic radiographic study in north indian …. Journal of Indian [Internet]. 2020; 

Available from: https://www.jiaomr.in/article.asp?issn=0972-

1363;year=2020;volume=32;issue=1;spage=31;epage=36;aulast=Behl 

 

 

 

 

 

 

 

http://paperpile.com/b/Xfl4zf/gjrt
http://paperpile.com/b/Xfl4zf/gjrt
http://paperpile.com/b/Xfl4zf/gjrt
http://paperpile.com/b/Xfl4zf/yJax
http://paperpile.com/b/Xfl4zf/yJax
http://paperpile.com/b/Xfl4zf/yJax
http://paperpile.com/b/Xfl4zf/BXyI
http://paperpile.com/b/Xfl4zf/BXyI
http://paperpile.com/b/Xfl4zf/BXyI
http://paperpile.com/b/Xfl4zf/otpp
http://paperpile.com/b/Xfl4zf/otpp
http://paperpile.com/b/Xfl4zf/otpp
http://paperpile.com/b/Xfl4zf/otpp
http://paperpile.com/b/Xfl4zf/otpp


 

 

 

Figure 1: Represents the projective ramus height measurements. 

 

 

Figure 2: Represents the MPRH of the two variables Male and Female and their mean 

values. 



 

 

 

Figure 3: Represents the two variables Male and Female and their mean age values. 
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Table 1: Showing the average age, average mandibular projective ramus height and 

standard deviation in different age groups  
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Figure 1: Mandibular projective ramus height(AB) of female measured using planmeca 

software 

 

Figure 2: Mandibular projective ramus height(AB) of male measured using planmeca 

software 

 

Figure 3: Bar graph showing the mean age of male and female in each age group 

 

Figure 4: Bar graph showing the mean mandibular projective ramus height(MPRH) of 

male and female in each age group 
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