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ABSTRACT 

The aim of this study was to determine the accuracy of three methods of age 

estimation using developing teeth from Orthopantomograms (OPGs) in Western 

Saudi Arabian children and adolescents between ages 4-23 years old. The design 

of this study was a retrospective cross-sectional study of dental radiographs. 

These were good quality OPGs. The radiographs were assessed to establish the 

developmental stages of the teeth morphology according to the following methods: 

London Atlas of AlQahtani et al. (2010) from 4–20 years old, [n=241, 104 males 

and 137 females]; Demirjian et al. (1973) from 4–16 years old, [n=198, 104 males 

and 137 females]; and Mincer et al. (1993) from 14–23 years old, [n= 130, 48 

males, 82 females]. All data analyses, were performed using Excel 2003 software 

(Microsoft Corporation, Redmond, WA, USA), and SPSS (version 19.0; SPSS Inc., 

Chicago, IL, USA). Paired t-tests were performed, with statistical significance set to 

the 95% level (p ≤ 0.05). Statistical significance using Wilcoxon Matched Pairs Test 

for examiner reliability was calculated to be 0.740. This value is not significant and 

operator calibration considered reliable. In this study population the three methods 

of age estimation were mostly under-estimating actual age. The London atlas 

method underestimated chronological age on average by 1.6 (±15.0) months; 

using the Demirjian’s method, underestimation was only 0.02 (±14.5) months on 

average, and using Mincer's method, underestimation was 6.7 (±26.5) months on 

average. Almost two-thirds (65.1%) of the participants had their ages predicted 

within 12 months of their chronological age using the London Atlas method, almost 

three-quarters (71.4%) using Demirjian’s, and less than a third (28.5%) using 

Mincer’s method. Overall, across all ages, estimated age was closest to 
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chronological age using Demirjian's method. This study validates the Demirjian’s 

method as the most accurate to estimate age, as overall it performed better than 

both the London Atlas and Mincer's method in this Western Saudi sample 

population. The latter two methods do not accurately estimate the ages of Western 

Saudi Arabian children and adolescents. In Summary; the London Atlas method 

was significantly less accurate than the other two methods when applied to 

Western Saudi individuals between the ages of 4 - 20 years of age. Demirjian's 

method was the most accurate when applied to individual’s ≤ 16 years of age. The 

Mincer's method was the most accurate when applied to individual’s ≥ 16 years of 

age. This study found that specific dental age methods are applicable for the 

different ethnic groups in Western Saudi Arabia, and accuracy varies according to 

age group. However, one should not restrict, age estimation to the use of only one 

method, but use different techniques available and perform repetitive 

measurements and calculation in order to establish maximum reproducibility. The 

number of population-specific dental age estimation studies are limited, and mostly 

based on Western populations or specific methods only. It therefore follows that 

adjusted dental age related tables specifically for the different ethnic groups in 

Western Saudi Arabia are necessary for age estimation of these children. The 

adjusted data may provide a valid and more accurate Saudi reference for age 

estimation and its application in forensic odontology.   

 

 

 

 
 



VIII 

 

TABLE OF CONTENTS 
 

Title Page  I 

Acknowledgements 

Personal Acknowledgements                                                                              

II 

III 

Dedication 

Declaration 

IV 

IV 

Publications  V 

Abstract  VI 

Table of Contents VIII 

Appendices XVI 

List of Figures  XVII 

List of Tables XIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IX 

 

CHAPTER ONE 

Introduction, Background and Thesis Format 

1.1 Introduction………………………………………………………………………... 21 

1.2 Thesis Aims………………………………………………………………………... 24 

1.3 Sources of Data………………………………………………………………….... 24 

1.4 Thesis Format……………………………………………………………………... 26 

 

CHAPTER TWO 

Tooth Anatomy, Identification and Development 

2.1 Introduction.................................................................................................... 27 

2.2 The Upper and Lower Jaws (Maxilla and Mandible)................................... 30 

2.3 The Anatomy of the Dentition....................................................................... 31 

2.3.1 External Tooth Anatomy.................................................................. 31 

2.3.1.1 The Crown and Root............................................................ 31 

2.3.1.2 The Surrounding Tissues of the Tooth................................. 32 

2.3.2 Internal Tooth Anatomy................................................................... 33 

2.3.2.1 Enamel................................................................................. 33 

2.3.2.2 Dentine................................................................................. 34 

2.3.2.3 Pulp...................................................................................... 35 

2.4 The Morphology of Human Dentition........................................................... 35 

2.4.1 Incisors............................................................................................... 35 

2.4.2 Canines.............................................................................................. 36 

2.4.3 Premolars........................................................................................... 36 

2.4.4 The First and Second Molars............................................................. 37 



X 

 

2.4.5 Third Molars....................................................................................... 37 

2.5 Tooth Eruption System ………….................................................................. 37 

2.5.1 Eruption of the Primary Dentition...................................................... 38 

2.5.2 Eruption of the Mixed Dentition......................................................... 39 

2.5.3 Eruption of the Permanent Dentition................................................. 39 

 

 2.6 Tooth Numbering Systems.......................................................................... 40 

2.6.1 Universal System............................................................................... 40 

2.6.2 FDI System........................................................................................ 43 

 

 2.7 Dental Nomenclatures.................................................................................. 44 

 

CHAPTER THREE 

Review of Literature 

3.1 Introduction………………………………………………………………………. 47 

3.2 Methods of Age Estimation…………...……………………………….………. 51 

3.2.1 Dental Eruption (Emergence) …………………………………………. 52 

3.2.1.1 Introduction…………………………………………………….. 52 

3.2.1.2 Factors Influence Dental Developmen……………………… 56 

I- Biological Factors……………………………………………. 57 

a) Genetic………………………………………………….. 57 

b) Endocrine……………………………………………….. 59 

c) Sexing from the dentition of children…………………. 60 

d) Ethnicity………………………………………………….. 62 

II- Local Factors and / or Environmental Factors……………. 65 

3.2.1.3 General Conclusion……………………………………………. 67 



XI 

 

3.2.2 Matching Teeth………….……………………………………………….. 68 

3.3 The Evaluation of Current Methodologies…………………………….……... 69 

3.3.1 ALQahtani et al., (2009)…….…………………………………………… 69 

I- Comparison of the updated London atlas to the original 

atlas………………………………………………………………….…... 72 

3.3.2 Demirjian et al., (1973)……………….……………………………….… 74 

I- Limitation of Demirjian et al., (1973)……………………………….. 77 

a) Sexual Dimorphism………………………………………… 77 

b) Dental Pathology…………………………………………… 79 

c) Absent Teeth……………………………………………….. 79 

d) Exclusion of Third Molar…………………………………... 81 

II- Reviews: Validation and Disparities of Demirjian et al., (1973)... 83 

3.3.3 Mincer et al. (1993)………………………………………………………. 89 

 

3.4 Additional Methodologies of Age Estimation in Sub-adults……………… 94         

3.4.1 Gleiser and Hunt (1955)…………………………………………….…... 95 

3.4.2 Moorrees, Fanning and Hunt (1963 a&b)……………………………... 95 

3.4.3 Haavikko (1970)…………………………….……………………….…... 96 

3.4.4 Gustafson and Koch (1973)……………….……………………………. 96 

3.4.5 Harris and Nortje (1984)…………………………………………….…... 97 

3.4.6 Kullman et al. (1991)…………………………………………………..… 97 

3.4.7 Willems et al. (2001)…………………..…………………………….…... 97 

3.4.8 Mesotten et al. (2002)........................................................................ 98                                         

3.4.9  Cameriere (2006) ........................................................................... 100                                         

3.4.10  Ardakani et al. (2007) ................................................................... 101                                 

3.4.11  Cameriere et al. (2008b)............................................................... 102                                    

3.4.12  Kasper et al. (2009)  ..................................................................... 103 



XII 

 

3.5 Summary....................................................................................................... 104 

                                             

CHAPTER FOUR 

Materials and Methods  

4.1 Methods…...……………………………………………………………………… 105 

4.2 Materials………………………………………………………………………….. 106 

4.2.1 Radiographs and Radiographs Criteria……………………………… 106  

4.2.2 The Sample.....................………………………………………..…….. 108 

4.2.3 Age........................……………………………………………….…….. 108 

I – Disparities of Dental Age Estimation……………………………. 109 

II – Opinion “Accuracy and Precision of age 

Estimation”…………………………………………………………….. 110 

4.3 Measurement Error Calculations…..…..……………………………….……. 111 

4.4 Age Assessment Criteria….……………………………………………….….. 112  

4.4.1 ALQahtani (2010)………………………………………………………. 113 

4.4.2 Demirjian et al. (1973)…………………………………………………. 113 

4.4.2.1 Demirjian’s Guidelines and Criteria..............……………… 114 

4.4.2.2 Interpretation of Demirjian’s Criteria...………………….….. 115 

4.4.2.3 Adjustments to Data……………………………………….… 116 

4.4.3 Mincer et al. (1993)……………………...…………..……………..….. 117 

 

 

 

 

 



XIII 

 

CHAPTER FIVE 

 Results 

Dental Age Assessment and evaluation of (2 – 20) year-old of Western Saudi 

Children Using the AlQahtani et al., 2010; New London Atlas of tooth Development 

and Eruption.  

5.1 Abstract…………………………………………………………………………… 118                                                                             

5.2 Introduction………………………………………………………………………. 119                                           

5.3 Materials and Methods…………………………………………………………. 122 

5.3.1 Materials………………………………………………………………… 122 

5.3.2 Methods…………………………………………………………………. 123   

5.4 Result……………………………………………………………………………… 124 

5.5 Discussion……………………………………………………………………….. 128 

5.6 Conclusion……………………………………………………………………….. 131 

 

CHAPTER SIX  

Results 

Dental Age Assessment of 4 to 16 Years of Western Saudi Children and 

Adolescents Using Demirjian’s Method for Forensic Dentistry. 

6.1 Abstract…………………………………………………………………………. 133 

6.2 Introduction……………………………………………………………………. 134 

6.3 Materials and Methods……………………………………………………….. 135 

6.3.1 Materials………………………………………………………………. 135 

6.3.2 Methods……………………………………………………………….. 136  

6.4 Result…………………………………………………………………………….. 137 



XIV 

 

6.5 Discussion……………………………………………………………………….. 140 

6.6 Conclusion……………………………………………………………………….. 144 

 

CHAPTER SEVEN  

Results 

Dental Age Assessment of Third Molar Development amongst Western Saudi 

Adolescents. 

7.1 Abstract…………………………………………………………………………… 146 

7.2 Introduction………………………………………………………………………. 147 

7.3 Materials and Methods…………………………………………………………. 148   

7.4 Result……………………………………………………………………………… 149 

7.5 Discussion………………………………………………………………………... 155 

7.6 Conclusion……………………………………………………………………….. 158 

 

CHAPTER EIGHT  

Results 

Integrate Gold Standard Methods of Age Estimation in Western Saudi Childhood 

and Adolescents. 

8.1 Abstract…………………………………………………………………………… 159 

8.2 Introduction………………………………………………………………………. 160 

8.3 Materials and Methods…………………………………………………………. 161 

8.3.1 Study Design……………………………………………………………. 161 

8.3.2 Sample…………………………………………………………………... 161 

8.3.3 Dental Age Methods Tasted…………………………………………... 162  



XV 

 

8.3.4 Calculating accuracy…………...………………………………………. 164  

8.4 Result……………………………………………………………………………… 165 

8.5 Discussion………………………………………………………………………... 172 

8.6 Conclusion……………………………………………………………………….. 176 

 

CHAPTER NINE  

Conclusion and final research 

9.1 Introduction……………………………………………………………………… 178 

9.2 Choice of Methods……………………………………………………………... 181 

9.3 Single Result of Each Method [AlQahtani et al. (2010), Demirjian et al. 

(1973) and Mincer et al. (1993)]……………………………………………………. 182 

9.4 Comparison all the three methods (Accuracy of Age Prediction Amongst 

the Methods)………………………………………………………………………….. 186 

9.5 Limitations of the Assessed Methods………………………………………. 188 

9.5.1 AlQahtani et al. (2010)…………………………………………………. 188 

9.5.2 Demirjian et al. (1973)…………………………………………………. 189 

9.5.3 Mincer et al. (1993)…………………………………………………….. 190 

9.6 Limitations of the Study……………………………………………………….. 190 

9.7 Conclusion………………………………………………………………………. 191 

9.8 Future Research………………………………………………………………… 193 

 

REFERENCES 

References……………………………………………………………………………. 195 

 



XVI 

 

APPENDICES 

 

Appendix A (Figure and Tables)………………………………………………….. 216  

Appendix B (Publication)…………………………………………………………... 239 

Appendix C (Ethics Approval)…………………………………………………….. 258  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XVII 

 

LIST OF FIGURES 

 

Figure 2.1   

Coronal section of an incisor showing the crown and root (from Nelson and 

Ash, 2010) 

32 

Figure 2.2   

Internal tooth morphology of a permanent tooth (from Nelson and Ash, 2010). 34 

Figure 2.3  

 The universal numbering system for the primary teeth (from Brand and 

Isselhard, 1998). 

41 

Figure 2.4  

 The universal numbering system for the permanent teeth (from Brand and 

Isselhard, 1998). 

42 

Figure 2.5  

 The FDI numbering system for the primary teeth (from Brand and Isselhard, 

1998). 

43 

Figure 2.6   

The FDI numbering system for the permanent teeth (from Brand and 

Isselhard, 1998). 

44 

Figure 3.1  

Dental developmental stages of third molars describing crown and root 

formation (Mesotten et al., 2002). 

98 

Figure 3.2   

Measurement of tooth with two open roots. A6 is the sum of the distances (A 

¼ A61 A62) between the two ends of the open apices, and L6 is the length of 

the second molar (from Cameriere 2006). 

101 

Figure 4.1   

Age range from 4–23 years old (age categories). 108 

Figure 8.1  

Age range from 4–23 years old (age categories) 162 

  

  



XVIII 

 

Figure 8.2 

Comparison between chronological age and the average estimated age, 

using the New Atlas of Tooth Development and Eruption (AlQahtani et al., 

2010). 

167 

Figure 8.3   

Comparison between chronological age and the average estimated age, 

using the method of Demirjian et al. (1973). 

168 

Figure 8.4  

Comparison between chronological age and the average estimated age, 

using the method of Mincer et al. (1993).  

169 

Figure 8.5  

Age estimation error using the New Atlas of Tooth Development and Eruption 

(AlQahtani et al., 2010). 

170 

Figure 8.6   

Age estimation error using the method of Demirjian et al. (1973). 171 

Figure 8.7  

Age estimation error using the method of Mincer et al. (1993). 172 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XIX 

 

LIST OF TABLES 

 

Table 2.1                                                                                                                     

The universal numbering system for the primary teeth. 41 

Table 2.2  

The universal numbering system for the permanent teeth. 42 

Table 2.3  

The FDI numbering system for the primary teeth. 43 

Table 2.4  

The FDI numbering system for the permanent teeth. 44 

Table 3.1  

Dental developmental stages of third molars describing crown and root 

formation (Mesotten et al., 2002). 

99 

Table 5.1  

Difference between mean estimated ages and mean real ages (using 

AlQahtani et al., 2010).. 

124 

Table 5.2   

Deviations of predicted age from real age (using AlQahtani et al., 2010). 125 

Table 5.3  

Frequency of estimated from real age deviation range by gender and age 

group. 

126 

Table 5.4   

Estimated age deviations (from real age) frequency by age group. 127 

Table 5.5   

A comparison of real age and estimated age (according to using AlQahtani et 

al., 2010) across genders 

128 

 

 

 

 

 

 

 

 

 

 

 

 



XX 

 

Table 6.1 

The t-test demonstrating the mean difference between chronological age and 

estimated age for Western Saudi Arabian boys and girls and French-

Canadian children according to Demirjian's method (1973). The p-value in 

the last column was determined using the comparison of mean dental age of 

boys and girls in age groups. 

Table 7.1  

 

138 

Difference between mean estimated ages and mean real ages (in months).  150 

Table 7.2  

Deviations of predicted age from real age.  150 

Table 7.3   

Cross-tabulation of stages of formation between maxillary and mandibular 

third molars within individuals: 

151 

Table 7.4   

Mean chronological age (sd) at each stage of crown-root formation: 151 

Table 7.5  

Number and percentage of participants over and under the age of 18, by 

development stage of 3rd molar (upper right wisdom tooth # 18). 

152 

Table 7.6   

Number and percentage of participants over and under the age of 18, by 

development stage of 3rd molar (upper left wisdom tooth # 28). 

153 

Table 7.7  

 Number and percentage of participants over and under the age of 18, by 

development stage of 3d molar (lower left wisdom tooth # 38). 

154 

Table 7.8   

Number and percentage of participants over and under the age of 18, by 

development stage of 3d molar (lower right wisdom tooth # 48). 

155 

Table 8.1   

Results of age estimation for the three methods are summarized using the 

three methods.                                                                                                               

166 

 

 





Chapter One - Introduction 

21 

 

CHAPTER ONE 

Introduction, Background and Thesis Format 

 

1.1   Introduction  

Forensic odontology or dentistry is the combination of the science and art of 

dentistry and the legal system; a crossroad of dental science and law which is used 

to assist in the provision of justice in criminal investigation (Senn and Stimson, 

2010). Forensic dentistry involves the analysis of dentitions from living and 

deceased individuals, including both children and adolescents. These analyses 

depend on morphological methods of examination such as radiological 

examination of skeletal and dental development. In the living, an age assessment 

may be required in the case of illegal immigrants, adopted children and refugees. 

For these reasons age estimation is more commonly required in children rather 

than adults (Solheim and Kvaal, 2000), and the majority of age estimation cases 

involve children. The estimation of age at death is a starting point for narrowing the 

search for possible matching data retrieved from local, regional, and national 

missing person lists. Moreover, it can be useful in limited population fatality 

incidents and in clustered victim cases when ages of the victims vary and other 

identifying information is unavailable (Herschaft et al., 2006). 

 

Additionally, the teeth are useful for identification and age estimation as they are 

the most durable part of the skeleton and can withstand high temperature without 

physical damage. Another important feature about teeth is that they have 

distinctive histological and morphological features that can often provide useful 

information about the deceased, based on the type of dental treatment and 
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comparison of morphological and other data (Cameron et al., 1974). Moreover, it is 

also a very important measure in the management of immigration to help 

determine the chronological age, in the absence of proper documents and can help 

to decide when the child can start school, the earliest age the person can marry, or 

even go to prison (Herschaft et al., 2006). 

 

Forensic age estimation of sub-adults (≤18 years of age) is typically performed 

using the developing dentition and the epiphyseal region of the hand and wrist as 

key developmental markers (Koshy and Tandon, 1998).  In a forensic investigation 

these allow approximate age estimation during the growth of an individual (Reichs 

and Demirjian, 1998).  

 

The most frequently applied forensic standards for assessing age (based on the 

skeletal maturity of the hand and wrist) is that of Tanner et al. (1975, 1983, 2001). 

The hand and wrist methods have, however, been shown to be somewhat error 

prone due to variations in bone maturation influenced by environmental insults 

(Cameriere et al., 2006). The assessment of dental development is less affected by 

nutritional deficiencies and pathologies (Reppien et al., 2006).  

 

Dental development is under strict genetic control, less influenced by 

environmental factors, and hence, less variable (Cardoso, 2007a, b). Dental 

development for age estimation of sub-adults is thus more accurate than skeletal 

maturation methods. Although the degree of dental development is one of the most 

effective approaches available for determining the chronological age of an 

immature individual (McKenna et al., 2002), differences between local populations 
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must be considered, and the best estimations will be made from local population-

specific standards (Nyström et al., 1986; Schmeling et al., 2003). 

 

Estimating age at death is one of the most important issues involved in establishing 

the identity of human remains. Often disasters result in bodies that are mutilated 

and thus impossible to visually identify. In such cases, the only recognizable 

remains are often the teeth.  

 

The purpose of this thesis is focused on the fact that currently there are no systemic 

standards available for chronological age estimation of sub-adults in the Western 

Saudi Arabian population in the context of forensic odontology.   

 

This study will focus on methods for age estimation through the analysis of 

anatomical structures of the dentition via radiographs. These methods will be 

examined in relation to their use in forensic investigations. This study will analyses 

panoramic radiograph to determine the deviation of chronological age from 

estimated age between Western Saudi’s sub-adults using the London Atlas by 

AlQahtani et al. (2010), Demirjian et al. (1973) eight stage criteria; and third molar 

mineralization based on Mincer et al. (1993). In this chapter, the aims and objectives, 

sources of data and format, of this thesis are then described.  
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1.2 Thesis Aims 

There are four primary aims to this study: 

• To review methods for age estimation from the analysis of oral and 

maxillofacial structure; 

• To review and discuss the chronology of tooth eruption and how this can be 

used to estimate age; 

• To determine whether established dental development standards are 

applicable to Western Saudi Arabian forensic investigations; 

• To evaluate methodologies for the development of dental age standards in 

the Saudi Arabian context. 

 

However, it is hypothesized that, the new London Atlas chart of AlQahtani 

(2010) will not fit the Western Saudi Arabian population. Also, due to the 

ethnicity variation the methods of age estimation by Demirjian et al. (1973) and 

Mincer et al. (1993) may reveal different results.   

 

1.3 Sources of Data 

The source of data will be a series of OPGs of the complete dentition (including 

root development) of Western Saudi Arabian individual between 2 to 23 years of 

age. The data will be obtained from the dental center of King Fahd Hospital, 

Jeddah, Saudi Arabia. 
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Jeddah; is a city located on the coast of the Red Sea and is the major urban center 

of western Saudi Arabia. It has the oldest and the largest sea port on the Red Sea, 

and the second largest city in Saudi Arabia after the capital city, Riyadh. The 

population of the city currently stands at 3.2 million with different ethnicity such as, 

Arabian Caucasoid, Arabian African and Arabian Indian and enormous cultures 

(The Saudi Network, 2012). 

 

The dental center of King Fahd Hospital in Jeddah; is a specialized center 

managed by the Ministry of Health. It comprises 40 dental clinics in addition to a 

dental laboratory, sterilization facility, conference hall and training department.  

They accept Saudi patients referred from primary dental clinic (general practice) for 

specialized treatment. The Center takes OPGs as a basic requirement for clinical 

examinations, diagnoses and treatment planning. 

 

The analyses used were: London Atlas of Tooth Development and Eruption Chart 

by AlQahtani et al. (2010); A New System of Dental Age Assessment by Demirjian 

et al. (1973); and, Study of Third Molar Development and Its use as an Estimation 

of Chronological Age by Mincer et al. (1993). The analysis of data was planned to 

take 6 months, including collecting and scanning of all radiographs. The OPGs 

cover both male and female participants of good general health, however a certain 

proportion of these individuals exhibited some degree of medical abnormality (e.g. 

pathological or congenital). These patients were excluded from the study. 
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1.4 The Thesis  

There are no systematic standards reviewed for chronological age estimation of 

Western Saudi Arabian sub-adults in the context of forensic odontology. 

 

The thesis is divided into 9 chapters. Chapter 1 is an Introduction followed by the 

aims of the study. Chapter 2 examines tooth anatomy, identification and 

development. Chapter 3 reviews the relevant literature, and Chapter4 describes 

the Materials and Methods. Chapter 5, 6, 7 and 8 outlines the results, which are 

discussed and interpreted in Chapter 9. 
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CHAPTER TWO 

Tooth Anatomy, Identification and Development 

 

2.1 Introduction  

It is often necessary to estimate an individual’s age due to: certain questions 

related to legal requirements; paleodemography research; or, in forensic matters. 

Dental age estimation is important in forensic medicine, not only for the process of 

establishing a positive identification, but also in connection with crimes and 

accidents. The importance of age estimation is crucial in so many aspects such as 

anthropology and forensic dentistry when identifying the age of a deceased child, 

and it can also give important information regarding the past populations (Hillson, 

1996). Age estimation is also important in knowing and monitoring the growth and 

development of a child, which helps in planning and assessing the response of 

treatment, especially in the fields of endocrinology, orthodontic and orthopedics 

(Demirjian et al., 1973; Demirjian, 1978).  

 

The teeth are often the only means of identification and age estimation when 

individuals are incinerated or when their external characteristics are otherwise 

damaged beyond recognition (Gustafson, 1950). Understanding the basic 

terminology used by dentists to describe the morphological development and 

anatomy of the dentition is, therefore, important as knowledge of both of these 

processes is applied in the identification and age estimation process. 

 

The assessment of age is one of the most important elements in a forensic 

investigation performed on unknown bodies or skeletal remains. The teeth are one 
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of the most important and reliable means for estimating age from approximately 10 

weeks Intra-utero 60 years of age. The teeth are the least stable parts of the body 

and will survive even after large parts of the skeleton have decomposed. 

 

The adult human skeleton normally has 206 individual bones. Of these, the human 

skull usually comprises 22 bones; eight cranial and 14 facial (Brand and Isselhard, 

1998). Two of these bones, the mandible and maxilla, contain the dentition. Most of 

the growth of the maxilla and mandible is usually completed between the ages of 

18 to 20 years. The only macroscopically visible skeletal components of these 

facial bones are the teeth through the post-mortem decomposing (White and 

Folkens, 2005).  

 

However, the skeletal developing system is responsible for several functions other 

than providing support. These include storing minerals and lipids, blood cell 

production, protection, leverage and it can repair and reshape itself in response to 

external stresses or the influence of the environment and hereditary, which is a 

controversial issue (Guyton and Hall, 2000). Also, when bone is exposed to 

internal or external damage an internal callus forms as a network of spongy bone 

unites the inner surfaces and an external callus of cartilage and bone stabilizes the 

outer edges (Apley and Solomon, 1994). The cartilage of the external callus has 

been replaced by bone, and struts of spongy bone now unite the broken ends. 

Fragments of dead bone and the areas of bone closest to the break have been 

removed and replaced. A swelling initially marks the location of the fracture. Over 

time, this region will be remodeled and little evidence of the affect will remain 

(White and Folkens, 2005). 
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On the other hand, dental maturity appears to be largely genetically controlled and 

independent of hormonal and nutritional factors. This is different from the 

developing dentition, because once the process of dentinogenesis begins, the 

crown, root and pulp continue developing until the root apex and periodontal 

attachment are mature and the root is fully erupted (Garn et al., 1965 a, b; Irish and 

Nelson, 2008). Demirjian and his colleagues’ findings suggest that dental 

development shows no significant relationship with maturity indicators such as the 

menarche, peak height velocity or skeletal maturity (Demirjian et al., 1985). 

 

The composition, anatomy, and morphology of the teeth are uniquely distinct from 

other parts of the skeleton. The teeth are made up of an inorganic matrix of 

hydroxyapatite, however a tooth is actually composed of three tissues but enamel 

and dentine are the hardest substances in the body (Frazer, 1940; Fairgrieve, 

2010). As such, they are resistant to decomposition and heat (withstanding 

temperatures up to 1600°C) and are often utilized in forensic investigations to 

profile human remains for the estimation of age and positive identification when 

only skeletal elements are available for analysis (White and Folkens, 2005). For 

that, age estimation is useful with teeth based upon non-invasive methods, which 

are used to evaluate the timing and sequence of defined growth stage of the 

developing skeleton and the sequence or modification of traits in the mature 

dentition and the surrounding tissue (White and Folkens, 2005). Consequently, the 

determination of the age estimation of individuals include a dental status an OPG, 

a general physical examination and the radiograph of the hand (Schmeling et al., 

2003).   
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In general, the age estimation of a skeleton is derived from the appearance of bone 

epiphyses and bone size; these can be influenced by the nutritional state 

(deficiency) and systemic diseases. The skeleton is useful in estimating the 

physiological age of an individual (Franklin, 2010). More importantly, teeth do not 

undergo continuous remodelling, therefore dental age estimation is more closely 

related to chronological age and is essential in age estimation (Blenkin, 2009). 

 

The purpose of this chapter is to review tooth morphology and development. The 

human dentition, including both deciduous and permanent teeth; is considered 

followed by a general outline of tooth numbering systems and nomenclature. 

 

2.2 The Upper and Lower Jaws (Maxilla and Mandible) 

The maxillary bones support the upper teeth and encapsulate their roots. The 

maxilla encompasses the major portion of the hard palate and includes the floor of 

the orbit and the lateral segments and base of the nasal cavity (Frazer, 1940). The 

maxilla (upper jaw) houses the first 10 upper deciduous (or primary) teeth, which 

start to erupt at around 6 months of age. These are succeeded by the 16 

permanent teeth, which begin to erupt at approximately 6 years of age (Ubelaker, 

1978). The mandible (lower jaw) contains the lower teeth; 10 deciduous teeth that 

are followed by the 16 permanent teeth. The mandible also provides insertion for 

the muscles of mastication (masseter, temporalis, and pterygoids) (Frazer, 1940; 

Wheeler, 1969). The mandible has a horseshoe-like appearances and articulates 

via the condyles with the temporal bones at the temporomandibular joints (TMJ). 
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2.3 The Anatomy of the Dentition 

The external and internal parts of the tooth each have different morphological 

characteristics. Externally a tooth consists of a crown, root and surrounding 

structures such as the gingiva, periodontal ligament, and alveolar bone. The 

internal tooth anatomy includes the enamel, dentine and pulp. The specifics of 

external and internal tooth anatomy are discussed below. 

 

2.3.1 External Tooth Anatomy 

In this section, external tooth anatomy, including the crown, root and the 

surrounding tissues are discussed. 

 

2.3.1.1 The Crown and Root 

The crown is the portion of the tooth that lies above the gum (gingival) line. It is 

covered by enamel and is visible in the oral cavity. Figure 2.1 shows the crown and 

root of an incisor, in addition to other anatomical features (e.g. the gingiva and the 

periodontal ligament). The crown is covered by enamel, which is a crystalline 

structure with no living cells. The enamel, therefore, has no means of repair or 

regeneration (see Figure 2.1 Nelson and Ash, 2010). 
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Figure 2.1 Coronal section of an incisor showing the crown and root (from Nelson 

and Ash, 2010). 

 

The root is the portion of the tooth that lies below the gum line; it is embedded in 

the jaw (alveolar) bone. The external surface of a root is covered by a bone-like 

tissue (cementum) and the point where the crown and the root join is termed the 

cement-enamel junction (CEJ). This is the neck (cervical line) of the tooth that 

demarcates the crown from the root (Wheeler, 1969). 

 

2.3.1.2 Surrounding Tissues of the Tooth 

The tissues that support the teeth (the periodontium) include the alveolar bone that 

forms the tooth sockets (Berkovitz et al., 2002). The periodontal ligament consists 

of collagenous fibres that are embedded on one side within the cementum covering 

the root of the tooth, and on the opposing side it is embedded within the alveolar 
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bone forming the root socket. Thus, they anchor the tooth within the alveolar 

socket (Scheuer et al., 2000). 

 

The free gingiva is the portion of the gums that surrounds the teeth and is located 

above the level of the bone; Gingivae is the whole of the mucosa that is not 

alveolar in coronal to muco-gingival junction. It is important for the attachment of 

the gums to the tooth and provides a seal that helps resist the friction of food 

(Sturdevant, 1985). The tip of the root is known as the apex and the opening 

through which the nerve tissue and blood vessels enter tooth is known as the 

apical foramen (White and Folkens, 2005). 

 

2.3.2 Internal Tooth Anatomy  

The primary internal structures of a tooth include the enamel, dentine, and pulp; 

characteristics of these are summarized below. 

 

2.3.2.1 Enamel 

The crown is covered by enamel, which is the hardest substance in the tooth. The 

teeth are able to survive temperatures up to of 1600°C without undergoing any 

physical damage, and they remain almost intact considerably longer than other soft 

or skeletal tissues have decomposed (Douglas et al., 2002). Enamel is the most 

highly mineralized substance of the body and consists of approximately 96% mineral 

and 4% organic material and water. The inorganic content of enamel is a crystalline 

calcium phosphate (hydroxyapatite) substituted with carbonate ions (Ten Cate and 

Nanci, 2003). Enamel is translucent and varies in colour from light yellow to grey-

white; it also varies in thickness, with a maximum thickness of approximately 2.5mm 
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over the cusp, which gradually becomes thinner approaching the cervical line (Ten 

Cate and Nanci, 2003). 

 

2.3.2.2 Dentine 

Dentine is the tissue that forms the core of the tooth; it underlies the enamel of the 

crown and encapsulates the pulp cavity (Figure 2.2). The dentine cells (Odontoblast 

cell) consists of 70% inorganic material, 20% organic material, and 10% water by 

weight (White and Folkens, 2005). The inorganic component consists of substituted 

hydroxyapatite that occurs in the form of small plates, while the organic part consists 

of 30% collagen. Physically, dentine has an elastic quality that is important for the 

proper functioning of the tooth because the elasticity provides flexibility and prevents 

the fracture of the overlying (and relatively brittle) enamel (Ten Cate and Nanci, 

2003).   

 

 

Figure 2.2 Internal tooth morphology of a permanent tooth (from Nelson and Ash, 

2010). 
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2.3.2.3 Pulp 

Pulp, a tissue contained within the root and crown of the tooth, consists of nerve and 

blood vessels, and lymphatics that provide nutrients to the tooth (Figure 2.2; Nelson 

and Ash, 2010). The space it occupies is referred to as the pulp cavity (Ten Cate and 

Nanci, 2003). 

 

2.4 Morphology of the Human Dentition 

 Identification of the different types of teeth is performed by examining their 

individual morphological attributes. Humans have two dentitions: the deciduous 

(primary); and permanent (secondary). Each dentition is heterodont, meaning that 

it consists of teeth with different shapes and functions. There are 20 deciduous 

teeth (10 in each jaw) and (normally) 32 permanent teeth (16 in each jaw). The 

teeth are arranged in both jaws as a dental arch (Scheuer et al., 2000). Four 

different types of teeth are present in the mouth: incisors; canines; premolars; and 

molars. Different types of teeth that are housed in the maxillary and mandibular 

arch are shows (Appendices A - Figure A.1). The morphology of the different tooth 

types is reviewed below. 

 

2.4.1 Incisors 

The central and lateral incisors are located in the anterior part of the jaws. The 

incisors are mesial to the canines and have thin (knife-like) crowns that are used 

for cutting and tearing food. Four incisors are present in the maxilla and the 

mandible in the deciduous and permanent dentitions. The first incisor is the central 

incisor and it is located directly inferior to the nose, or above the chin (midline). The 

second is the lateral incisor and it is positioned distal to the central incisor. The 
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upper incisors and canines typically overlap (overbite) the lower teeth when the 

mouth is closed (Berkovitz et al., 2002). 

 

2.4.2 Canines 

Canines (eyeteeth or cuspids) are the longest of the single rooted teeth and are 

located distally to the lateral incisors in both arches (Sturdevant, 1985). The crown 

of the canine tapers to a sharp, central point or cusp, rather than having a cutting 

edge like an incisor (White and Folkens, 2005). This tooth appears darker (yellow 

or brown) than the adjacent teeth and functions with the incisors to tear and shred 

food. There are two canines in both jaws in the deciduous and permanent 

dentitions. 

 

2.4.3 Premolars 

Dentists often refer to these teeth as bicuspids (two cusps), although in some 

situations the premolars are tricuspid (three cusps). This condition, however, is 

extremely rare (0.0125% in an Arizona, USA – see Fong and Sturges, 1992). 

Premolars are located between the canine and molar teeth and are found only in 

the permanent dentition; there are 8 premolars in total 4 in the each jaw. Their 

function is much like the canine teeth; to tear, but also grind food, like the molars 

(Sturdevant, 1985).   
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2.4.4 The First and Second Molars 

The first and second molars are the largest teeth and are located at the posterior 

(distal) part of the alveolar arch. They have large flat biting surfaces, which are 

used to chew, crush, and grind food. There are 4 first and 4 second molars in the 

deciduous and the permanent dentitions (White and Folkens, 2005). The molars 

are also important in helping maintain the vertical dimension of the face 

(Sturdevant, 1985). 

 

2.4.5 Third Molars 

The third molars (“wisdom” teeth) are the last of the molars to erupt and are often 

congenitally absent, unerupted, or impacted (Nambiar et al., 1996). Previous 

studies from different countries indicate that the prevalence of third molar agenesis 

(at least one incidence) range between 15 and 25% (Afify and Zawawi, 2012; 

Hentisz, 2003; Nambiar et al., 2012). The third molars are the most variable tooth 

in terms of their size and shape and they do not appear until late adolescence or 

early adulthood (Gunst et al., 2003). Eruption (if it even occurs) is usually between 

the ages of 18 and 24 years of age (Mincer et al., 1993). 

 

2.5 Tooth Eruption System 

Tooth eruption is the process whereby a tooth moves from its developmental 

position in the jaw into its functional position in the mouth. In humans, the primary 

dentition refers to the 20 deciduous teeth, while the secondary dentition refers to the 

32 permanent teeth (Berkovitz et al., 2002). Formation of the primary dentition 

begins prenatally at about 14 weeks Intra-utero, and eruption begins about 6 months 

after birth. The mandibular dentition erupts first; about 2 months earlier than the 
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maxillary teeth. By 3 years of age, most individuals have a full complement of 20 

emerged deciduous teeth, including complete root formation (Baker et al., 2005).  

The deciduous dentition remains intact until a child reaches around 6 years of age; 

at this point, the first permanent teeth begin to emerge into the mouth. The 

emergence of these teeth marks the start of the mixed dentition period, where both 

the deciduous and permanent teeth are present in the oral cavity. This transition 

lasts from 6 to 12 years of age, by which point all of the deciduous teeth are 

(usually) shed.   

 

The permanent teeth replace the exfoliated deciduous teeth except the permanent 

molars are an accessional and the permanent dentition period is completed 

between 14 to 15 years of age, except for the third molars, which are completed 

and erupted usually between 18 to 24 years of age (Nelson and Ash, 2010). A 

detailed description of the primary and the permanent dentition, in relation to its 

development and eruption, is outlined below. 

 

2.5.1 Eruption of the Primary Dentition 

At about 6 to 10 months of age, the mandibular central incisors emerge through the 

alveolar gingiva, followed by the remaining anterior teeth. By approximately 13 to 16 

months of age, all 8 primary incisors have erupted. The first primary molars emerge 

by about 16 months of age, followed by the primary maxillary canines, which erupt at 

about 16 to 22 months. The mandibular canines erupt at 17 to 23 months. The 

primary second mandibular molar erupts at a mean age of 29 (25 to 33) months 

(Nelson and Ash, 2010). A diagrammatic representation of the eruption sequence of 
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the primary dentition is shown in (Appendices A - Figure A.2) and times of eruption 

are outline in (Appendices A - Table A.3). 

 

2.5.2 Eruption of the Mixed Dentition 

Dental age during the mixed dentition period may be estimated on the basis of which 

teeth have erupted, the amount of resorption of the roots of the primary teeth, and 

the amount of development of the permanent teeth (Demirjian et al., 1973). The first 

phase in the mixed dentition period begins with the emergence and eruption of the 

mandibular first permanent molars, and ends with the loss of the last primary tooth, 

which usually occurs at about 11 to 12 years of age. The initial phase of the mixed 

dentition period lasts about 2 years, during which time the permanent first molars 

erupt, the primary incisors are shed, and the permanent incisors emerge and erupt 

into position (Nelson and Ash, 2010). A diagrammatic representation of mixed 

dentition period is shown in (Appendices A – Figure A.2, A.4) 

 

2.5.3 Eruption of the Permanent Dentition 

The first permanent tooth erupts at about 6 years of age when the lower central 

incisors and the upper-lower first permanent molars erupt, followed by the rest of 

the teeth (Appendix A – Figure A.4). The upper central and the lower lateral 

incisors erupt at about 7 years of age, and the upper lateral incisor at 8 years. 

Lower canine and the first premolar teeth are the next to erupt (at about 10 years 

of age), followed by the upper canine and the second premolar teeth at about 11 

years of age. The second molars usually erupt at about 12 years of age. 
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The permanent dentition develops and erupts from beneath the primary dentition, 

with the exception of the permanent second and third molars, which develop as jaw 

size increases (Nelson and Ash, 2010). Formation of the third molars begins 

between 6 and 12 years of age; the crowns of these teeth are usually completed 

within 4 years from the start of formation. This is the followed by emergence and 

complete development during adolescence or early adulthood (Scheuer et al., 

2000). A diagrammatic representation of the eruption sequence of the permanent 

dentition is shown in (Appendix Figure A.4) and the chronology of eruption is 

described in (Appendix A – Table A.5). 

 

2.6 Tooth Numbering Systems 

Dental identification requires a basic understanding of how dentists number and 

describe features of specific teeth. A variety of different systems are available 

(Appendices A – Figure A.6); current the most commonly applied are described 

below. In the past other system have used such as Palmer other notation systems 

used. They need be system and use of UR (for upper right), UL (for upper light). 

Appendix (A – Figure A.6) has a conversion from these historical systems. 

 

2.6.1 Universal System 

The universal system of notation for the primary dentition uses uppercase letters as 

labels for each of the primary teeth, from A to T and these system is only widely 

used in America. The universal system for the entire primary dentition is show in 

(Table 2.1 and Figure 2.3). 
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Table 2.1: The universal numbering system for the primary teeth. 

Right Left 

Maxilla A B C D E F G H I J 

Mandible T S R Q P O N M L K 

 

For example: A, J = maxillary second deciduous molar. 

 

Figure 2.3: The universal numbering system for the primary teeth (from Brand and 

Isselhard, 1998). 
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With regard to the universal system for the permanent dentition, the maxillary teeth 

are numbered from 1 to 16, and mandibular teeth are numbered from 17 to 32. The 

universal notation system for the permanent teeth is shown in (Table 2.2 and Figure 

2.4). 

 

Table 2.2: The universal numbering system for the permanent teeth. 

Right Left 

Maxilla 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mandible 
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 

 

For example: 8, 9 = maxillary right and left central incisors. 

 

 

Figure 2.4: The universal numbering system for the permanent teeth (from Brand 

and Isselhard, 1998). 
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2.6.2 FDI system 

A two-digit system proposed by the Federation Dentaire Internationale (FDI), for both 

the primary and permanent dentitions, is currently the most accepted and commonly 

used system for tooth numbering (Brand and Isselhard, 1998). The FDI system for 

the primary and permanent teeth are shown in (Tables 2.3-4 and Figures 2.5-6) 

 

Table 2.3: The FDI numbering system for the primary teeth. 

Right Left 

Maxilla 55 54 53 52 51 61 62 63 64 65 

Mandibular 85 84 83 82 81 71 72 73 74 75 

 

For example: 84, 74 = mandibular deciduous first molar. 

 

 

Figure 2.5: The FDI numbering system for the primary teeth (from Brand and 

Isselhard, 1998). 
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Table 2.4: The FDI numbering system for the permanent teeth. 

Right Left 

Maxilla 18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 

Mandible 48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 

 

For example: 42, 32 = mandibular right and left lateral incisors. 

 

 

Figure 2.6: The FDI numbering system for the permanent teeth (from Brand and 

Isselhard, 1998). 

 

2.7 Dental Nomenclature 

Dental charts and ante-mortem (AM) records that detail missing teeth, fillings, 

restored, or sound teeth are used as a point of comparison to post-mortem (PM) 

records. As such, it is very important to understand the basic terminology used by 

dentists to describe tooth anatomy and their morphological development, both of 

which are important in the identification process. 

 

Each tooth has its own individual characteristics that allow a trained professional to 

discern the proper placement of that tooth in the dental arch. Crowns of teeth are 
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also divided into surfaces that are named according to the direction they face. The 

incisors and canines have four surfaces while the premolars and molars have five 

surfaces. 

 

The following terms are used by dentists to describe anatomy and shapes. 

Knowledge of these terms allows investigators to understand dental reports 

obtained in the course of a case and to discuss case specifics. 

• Crown: the portion of tooth that lies above the gum line; it is covered by 

enamel and filled with dentine and pulp. The crown can be seen in the oral 

cavity; has four surfaces on the incisors and canines and five surfaces on 

the premolar and molars. 

• Root: the portion of the tooth that lies below the gum line; it is covered with 

cementum and is embedded in the jaw bone. A tooth may have single root 

or multiple roots. 

• Enamel: the external surface of the crown and the hardest substance in the 

body. 

• Dentine: the softer (than enamel) material underneath the external enamel 

surface. 

• Cementum: a hard material covering the dentine on the root section of the 

tooth, and that attaches the periodontal ligaments, which run from the root to 

the tooth socket. 

• Pulp: the internal substance of the root and the crown of a tooth; it consists 

of a nerve, blood vessels, and lymphatics that provide nutrients and 

sensitivity to the tooth. 
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• Periodontal Ligament: this surrounds the root surface and provides the 

attachment between the root and the surrounding socket of bone and acts 

as a shock absorber for the protection of the teeth. 

• Gingiva: the soft connective tissue covered by mucous membrane which 

surrounds the teeth and covers the alveolar bone. 

• Alveolar bone: cancellous bone in which the teeth are set; it is surrounded 

by cortical bone of the maxilla and mandible. 

• Proximal Surface: the surface of the teeth that faces the neighbouring 

tooth’s surface in the same arch. Each tooth has two proximal surfaces: 

mesial and distal. 

• Mesial proximal surface: is always the portion of a tooth facing towards the 

midline of the dental arch. 

• Distal proximal surface: is always the portion of a tooth away from the 

midline, towards the back of the dental arch. 

• Facial surface: the anterior surface that faces the cheek or the lip. For the 

anterior teeth this is called the labial surface, and if it is a posterior tooth, it is 

called the buccal surface. 

• Lingual surface: the surface of a tooth that faces the tongue; it is also,   

called the lower arch. 

• Palatal surface: the inside surface that faces the palate; this refers primarily 

to the upper teeth. 

• Incisal surface: the biting edge of anterior teeth (incisors and canine). 

• Occlusal surface: the chewing surface of the back teeth (premolars and 

molars (Brand and Isselhard, 1998).
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CHAPTER THREE 

Review of Literature 

 

3.1 Introduction 

Age estimation is a legal requirement in the forensic field. In addition, dental 

development, upon which age estimation is based, is less affected by nutritional 

effects because dental calcification is under strict genetic control and independent 

of hormonal and nutritional effects (Garn et al., 1965 a, b; Cameriere et al., 2006; 

Herschaft et al., 2006; Cardoso, 2007b). It is well documented that age estimation 

is usually most accurate in individuals still growing. Consequently, age estimation 

is more commonly required in children rather than adult (Solheim and Kvaal, 2000; 

Franklin, 2010). 

 

Genes play a critical role in initiating and regulating the various stages of dental 

development. Thus, genetic factors are responsible for about 84% of the variation 

in the rate (growth) of dental development. However, clear genetic differences in 

maturation of the dentition have not been documented, especially in the Middle 

East (Blenkin, 2009). Consequently dental development provides a more accurate 

indication of chronological age than does bone growth (Anderson et al., 1976; 

Baccino et al., 1999). 

 

Garn et al. (1959), Lewis and Garn (1960), Hotz (1959), Krogman and Iscan 

(1986), Demirjian et al. (1985) and Smith (1991) have all compared tooth formation 

to bone ossification relating to chronological age and found tooth formation to be 
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no more (and often less) variable than other developmental events studied.  

Because teeth survive in humans during post-mortem change; their development 

and maturation cover the whole juvenile life span; they are less affected by 

adverse environmental circumstances; and they show less variability than skeletal 

age, making the former potentially more accurate for age estimation. However, 

according to the literature there is variability, but no evidence to suggest that this is 

significant (Demirjian et al., 1985; Smith, 1991) 

 

However, while at present the degree of dental development is one of the most 

effective approaches available for determining the chronological age of an 

immature individual (McKenna et al., 2002), population variation must be duly 

considered, as the most accurate age estimations are made from population-

specific standards (Tompkins, 1996). 

 

At present, there are no current population-specific standards for estimating the 

chronological age of sub-adults in Saudi Arabia to apply in forensic odontology. For 

all these reasons it is important to establish a population dental database of Saudi 

Arabian sub-adults (children and adolescents). Methods of sex and age estimation 

are less reliable when the subjects to which they are applied are not members of 

the population upon which the statistics are based (Giles and Elliot, 1963; Franklin 

et al., 2005). 

 

Several methods have been used for age estimation based on dental age, but 

most of them are based on formulae, lengthy techniques and sometimes using 

special equipment that only a specialist can deliver (Demirjian et al., 1973; Roberts 
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et al., 2008; Bauer, 2007; Heinrich et al., 2007). In mass disaster situations, the 

need for an accurate, reliable, cheap, fast and easy to use technique is imperative 

for the victim identification process, especially when the lack of personnel or 

resources necessitates the help of non-trained volunteers. In these cases, using a 

comparison method in the form of a diagram or computer software with the 

radiograph of developing teeth that would give an estimate of chronological age 

would be ideal. 

 

However, several different classification systems are used. These differ with regard 

to the specific teeth used and the method of assessing the stage(s) of 

development. One of the most familiar ideals to forensic anthropologists was 

developed by Ubelaker (1978 – Appendix A - Figure A.7). 

 

This method provides schematic representations of tooth formation and eruption, 

suitable for individuals aged 5 months in utero through to 35 years; standard error 

rates range from ±2 months to 3 years. Data for the timing of formation and 

eruption of the permanent dentition are derived largely from previously published 

data on Native North Americans (see Ref. Ubelaker, 1999; p. 63 for sources). The 

earlier stages are compiled from white North American groups, nevertheless, these 

standards are frequently applied outside of their reference populations (Schwartz, 

1995). Also, this method has several limitations with the missing ages between 12 

and 15 and between 15 and 21, also the fact that it was based on a very small 

number of individuals, which makes the evidence behind it less reliable. 
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A new updated schemas of dental development called; the London Atlas of Human 

Tooth Development and Eruption method was introduced by AlQahtani, Hector and 

Liversidge (AlQahtani.et al., 2010); that is freely available in numerous languages 

(www.atlas.dentistry.qmul.ac.uk) with associated software. This system utilizes 

composite visual images of dental development stages keyed to chronological age. 

The method is effective in that it solves problems associated with the 

developmental variation between individual teeth (Appendix A - Figures A.8 & A.9).   

 

The most studied method was Demirjian et al.’s (1973 – Appendix A - Figures and 

Table A.10 & A.11). This method uses an eight stage dental development chart 

which is based on the seven permanent left mandibular teeth excluding the third 

molar. Previous comparisons of the validity of different stage-based methods of 

estimating age from dental development have reached a general consensus that 

indicates Demirjian et al.’s (1973) classification system is one of the most widely 

accepted by the forensic community (Maber et al., 2006). 

 

Mincer et al.'s (1993 - Appendix A- Figure A.12) method uses third molar 

mineralization during the development process. This method is based on 

schematic drawings and graphic of the eight stages of crown and root formation; 

that has been described by Demirjian et al., (1973). The third molar technique is 

held to be the best possible choice for forensic age estimation between the middle 

age to late teens of the individuals (Olze et al., 2005). 

 

The degree of error introduced by such a practice has not been systematically 

investigated. In addition to collecting local population data, it is imperative that the 
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data be analyzed using a reliable and accurate classification system. It is the aim 

of this chapter to look at tooth development in depth. The chronology of tooth 

development as well as factors affecting the rate of development will be examined. 

The various methods of age estimation that involve some form of assessment of 

the degree of tooth development will be investigated. 

 

The purpose of this chapter is to investigate and evaluate the various current 

methods of age estimation such as those of AlQahtani et al., (2010); Demirjian et 

al., (1973) and Mincer et al., (1993). It also considers additional methodologies. 

There are currently no comprehensive statistics detailing the number of 

unidentified cadavers and human remains within the Middle East such as Saudi 

Arabia. The problem appears to be growing because of the increase in both legal 

and illegal immigration and the separated world across the Middle East. The aim of 

this study was to determine the accuracy of three methods of age estimation using 

developing teeth from radiographs. 

 

3.2 Methods of Age Estimation 

It is not surprising that there are many dental standards available in the literature. 

There are numerous methods for forensic age determination of human skeletal 

remains using the developing dentition. This chapter will show the specific reasons 

for selecting the AlQahtani et al. (2010); Demirjian et al. (1973) and Mincer et al. 

(1993) methods, as opposed to other classification systems available in the 

literature. Furthermore, this section will outline why certain methodologies should 

not be used in age estimation. 
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3.2.1 Dental Eruption (Emergence) 

3.2.1.1 Introduction 

Tooth eruption is an ongoing process that continues throughout life.  It is the 

movement of the tooth towards the occlusal plane.  Initially, as the tooth is forming 

within the bone of the maxilla or mandible, it moves through the bone in the 

direction of the oral cavity.  Once the tooth pierces the gingiva it will continue to 

move towards the occlusal plane.  Once in occlusion the tooth will wear at the 

occlusal surface and it is this process that contributes to the ongoing eruption of 

the tooth throughout life (Marks and Schroeder, 1996; Blenkin, 2009).  

 

The progression of tooth bud formation to the mature structure has a complex 

process. The development of a tooth from the embryonic stage (Mineralization and 

Calcification) to eruption (emergence) in the mouth will be influenced by the oral 

environment and affect the enamel, dentine (Nelson and Ash, 2010). Tooth 

formation (odontogensis), development and emergence into the oral cavity 

reaching the occlusal plan is applicable to clinical practice; as well as to forensic 

odontology, anthropology and archaeology (Nelson and Ash, 2010). 

 

Textbooks of dentistry sometimes use different terminologies (such as 

mineralization, calcification, development and eruption) creating confusion in 

understanding. For the clarification of this thesis, the following terms are most 

commonly used by histologists and dentists. 
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Odontogensis: is the process of tooth formation. When the epithelium and 

mesenchyme adjacent to the basement membrane organize and undergo a 

synchronous process of cellular differentiation leading to several stages including: 

the dental lamina (tooth germ); the bud; the cap and bell stage of odontogensis 

(Ten Cate and Nanci 2003; Nanci, 2007). 

 

Mineralization: refers to the embryonic molecular of the dental hard tissues. This 

involves the crystallization of ions (Apatite Crystals or Hydroxyapatite) from 

supersaturated solution. The timing and position of crystal initiation, crystal 

structure and orientation are all under genetic control. The mechanisms of tooth 

mineralization have been well reviewed by many authors (Reith, 1970; Simmer and 

Fincham, 1995; Ten Cate and Nanci 2003; Nanci, 2007; Sasaki et al., 2008). 

 

Calcification: is the late process of mineralization and crystallization of ions 

(calcium, phosphate and hydroxyl); where calcium salts are deposited in dental 

enamel. Consequently the tissue becomes harder during the normal molecular 

mineralization and size development of teeth (this includes crown, enamel/root, 

and cementum at the cervical margin). The calcified tissue contains the various 

matrix proteins that attract and organize calcium and phosphate ions into a 

structured mineral phase based on carbonated apatite (Ten Cate and Nanci 2003; 

Nanci, 2007). 

 

Development: is a part of tooth formation, which means increase in the size or 

growth of the tooth structure due to the maturation level of the tissue. Growth 

represents an increase in the size, volume and once dentine and enamel begin to 



Chapter Three - Review of Literature 

54 

 

form growth of a tooth can be quantified by measuring crown height, root length, 

root volume, root cone angle, apex width or other dimensions (Ten Cate and Nanci 

2003; Nanci, 2007). 

 

Eruption (emergence): the term of eruption is used as emergence (Miles, 1963) 

defined as the tooth breaking through the alveolar tissue until it reaches an 

antagonist or obstacle (Smith, 2005). Tooth eruption is a continuous movement 

from its initial position in its bony crypt (maxilla and mandible) towards the occlusal 

plane (Blenkin, 2009). Tooth emergence can be divided to clinical emergence 

(gingival emergence), alveolar emergence and occlusion emergence: 

 

� Clinical emergence: when the tooth appears in the oral cavity (Demirjian, 

1986); a tooth is erupted when it makes its first appearance through the gums 

(Gustafson and Koch, 1973; Ten Cate and Nanci 2003; Nanci, 2007; Senn and 

Stimson, 2010). 

 

From a forensic perspective, when no soft tissues are present, as with skeletonized 

specimens or in radiographs, the estimation of eruption is determined by the 

tooth’s position in relation to the alveolar bone, or the occlusal level, if this is 

evident. 

  

� Alveolar emergence: when the tip of one or more cusps are at or just above 

the superior margin of the alveolar process (Gleiser and Hunt, 1955). Another 

definition is the most occlusion portion of the crown emerging above the 

alveolar bone (Senn and Stimson, 2010). 
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� Occlusion emergence: when the tooth is fully erupted, so it is in functional 

occlusion with its antagonist in the opposing arch (Senn and Stimson, 2010). 

 

It is important to understand the development of the human dentition, patterns of 

teeth, timing of formation and eruption. This has been discussed in chapter 2, 

which includes the deciduous, mixed and permanent dentition. Humans are 

diphyodont, with two generations of teeth: the deciduous (primary) and the 

permanent teeth. The first deciduous tooth begins to develop around the 6th week 

Intra-utero, and the last permanent tooth reaches completion in the early adult life. 

This long time span of teeth development and maturing, deciduous dentition 

erupting and shedding, and permanent dentition eruption appear in an orderly, and 

mostly predictable sequence. 

 

Dental age, therefore, can be estimated by the emergence, by the developmental 

stages of teeth, and by the maturation of root apices. Tooth formation is, however, 

more predictable than tooth emergence for assessing dental maturation because 

the majority of teeth can be studied at each examination. In contrast, emergence is 

a specific phase of short duration in the continuous process of eruption, rarely 

observed for more than one or two teeth at a time, if at all (Demirjian et al., 1973).  

 

However, there is a considerable degree of variation between individuals in both 

the timing of the initiation of tooth development (sequences of histological per-

mineralization and mineralization) as well as the rate of tooth development 

(mechanism of eruption) at which it progresses. Further, variations in age, sex, 

ethnicity, even population substructure have the most profound effect on dental 
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development of all the potential influences. It is recognized that there is a degree of 

variation in the actual timing due to the inherent biological variability of human 

beings, hence the use of ranges rather than discrete timings (Fanning, 1962; 

Moorrees et al., 1963a; Blenkin, 2009). There are a number of considerations 

which should be observed regarding eruption times and rate of tooth development 

which are variable and are affected by a diverse range of factors. If the degree of 

dental development is to be used as an indication of chronological age, it is 

essential that any factors affecting the timing and rate of that development are 

thoroughly understood and taken into account (Blenkin, 2009). The following 

section presents a brief review of factors that influence the teeth emergence and 

variations in emergence influenced by age, sex, and ethnicity. 

 

3.2.1.2 Factors Influence Dental Development. 

Dental development passes through long mineralization sequences prior to 

emergence in the oral cavity. It is not intended to investigate age assessment 

techniques based on examination of histological evidence. But, the section on 

teeth emergence will be covered briefly for examination of mineralization 

sequences that is the main subject of this section and this project. Development of 

the dentition commences at differing stages during the growth of child. It is 

recognized that there is a degree of variation in the actual timing and rate due to 

inherent biological and local factors (Marks and Schroeder, 1996; Blenkin, 2009).  
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I - Biological factors (genetic and endocrine) 

The factors that result in variation of both timing and rate of dental development 

are biological (genetic, endocrine, sex and ethnicity). The most influential biologic 

factors that may contribute to the general development of the teeth include genetic 

factors and endocrine reactions (Garn et al., 1965a; Prahl-Anderson and van der 

Linden, 1972; Davidson and Rodd, 2001; Smith, 2005). These factors will be 

examined in some detail.  

a) Genetic  

These are the basic factors of a cell that pass on the traits of parents to their 

children through the egg and sperm. Genes are segments of Deoxyribonucleic acid 

(DNA). They have information for making specific proteins that control specific 

traits or activities. Examples of traits controlled by genes are eye color, foot size, 

and height. Examples of activity include the growth and repair of cells. A gene is a 

functional unit of heredity that occupies a specific location (Locus: a specific 

position on a chromosome) and consists of a discreet segment of DNA containing 

the correct base sequence to code for a series of amino acids needed to form a 

specific peptide (Herschaft et al., 2006). The growth and development in the 

human body is the result of the interaction of genetic coding and of extra-genetic or 

environmental influences. The genetic information in DNA is transmitted to the 

offspring on the parental chromosomes contained within the ovum and sperm. This 

information is then retained by the new organism and is faithfully reproduced as the 

cells divide and the offspring grows. The information carried on the chromosomes 

controls the structures of all the proteins making up the new organism and 

regulates their synthesis and interaction with other substances. For that reason, 

genes play a critical role in initiating, timing and regulating the various stages of 
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dental development.  Differences in enzyme or protein synthesis reflect the genetic 

constitution of each individual. In fact it is accepted that genetic control of 

development occurs as a result of switch mechanisms, which switch on and off the 

activity of particular genes at specific times in development, producing specific 

substances which result in a specific cellular activity. So, any variations in the 

mechanisms of enzyme or protein synthesis or the timing of the activity, may result 

in individual variation in growth and development, reflecting the underlying 

differences in the genetic constitution of the individual (Roberts, 1981; Thesleff, 

1998; Blenkin, 2009). The overall process of cellular transformation of the tooth 

germ cells requires a change in the cells' morphology and function that must reflect 

the activation of specific gene complexes. The timing of the initiation and rate of 

dental development is genetically governed to a large degree (Alvesalo, 1971, 

1997; Glasstone, 1963; Ryman et al., 1975; Thesleff and Sharpe, 1997; Varrela, 

1990; Blenkin, 2009). 

 

Genetic factors are very important in the development of each individual tooth. 

There are many studies that have found that the morphological variations in the 

human dentition exhibit a high degree of heritability. Almonaitiene et al. (2010) 

showed that that the heritability is higher for tooth development than for tooth 

eruption. 

 

There are more than 25 known human syndromes (genetic disorders) that involve 

disruptions in the process of dental eruption; others are associated with complete 

failure teeth to erupt (Appendix A - Table A.13; Almonaitiene et al., 2010).   
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Genetic disorders can be divided into: 

1) Disorders that affect enamel formation or the tooth follicle (e.g. am-

elogenesis imperfecta, Hurler’s syndrome, mucopolysaccharidosis VI); 

2) Disorders that interfere with osteoclastic activity (e.g. cleidocranial 

dysplasia, osteopetrosis); 

3) Disorders that are associated with deficient growth or tooth eruption can be 

delayed by multiple supernumerary teeth or gingival hyperplasia. Genetic 

syndromes that affect tooth eruption are listed in table (Appendix A - Table 

A.13; Almonaitiene et al., 2010). 

 

Some additional genetically estimated dental traits include teeth that have been 

modified or reduced in size, and an absence of the tooth within the mouth.  

Modified teeth include peg or barrel-shaped incisors, crown size, tooth shape, tooth 

structure, root size, diminutive teeth, and absent cusps. There is ample evidence 

that tooth formation, morphology, calcification and eruption are genetically 

controlled (Dahlberg, 1957; Lewis and Garn, 1960; Garn et al., 1965a; Hagg et al., 

1986; McDonald et al., 1994; Smith, 2005; Almonaitiene et al., 2010).  

   

b) Endocrine 

Disturbance of the endocrine glands usually has profound effect on the entire body, 

including the dentition. The most common endocrine disorders that are associated 

with delayed tooth eruption are hypothyroidism, hypopituitarism, 

hypoparathvroidism and pseudo-hvpoparathvroidism (Almonaitiene et al., 2010). In 

congenital hypothyroidism, without hormonal therapy, the eruption and loss of the 

deciduous teeth and the eruption of the permanent teeth can be significantly 
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delayed. In addition, while the sizes of the teeth are normal, they are crowded into 

jaws that are overly small (McDonald et al., 1994). In juvenile hypothyroidism, an 

untreated case can also lead to delayed loss of the deciduous dentition and 

delayed eruption of the permanent dentition. This situation can cause a child with a 

chronological age of 14 to have the dental stage of a 9 or 10 year old (McDonald et 

al., 1994; Smith, 2005; Almonaitiene et al., 2010).  

 

Individuals affected by hypopituitarism, hypoparathyroidism, and autoimmune 

polyendocrinopathy are much less affected by dental growth retardation. In 

hypopituitarism, individuals have teeth that are normal in size; however, 

approximately 25% have delayed eruption (McDonald et al., 1994; Garn et al., 

1965b). In severe instances the deciduous dentition is retained throughout the 

person’s life with developed, but un-erupted, permanent teeth underneath 

(McDonald et al., 1994; Smith, 2005; Almonaitiene et al., 2010). However, the 

degree of delay in tooth formation associated with endocrine disturbances is less 

compared with other skeletal effects (Cardose, 2007b). 

 

c) Sexing from the dentition of children 

Forensic odontologists are able to estimate sex by assessing features in the skull, 

mandible, and teeth. However, compared to age estimation, sex estimation is less 

accurate using evidence obtained from the teeth only. Thus sex estimation based 

on the dentition is difficult for most forensic investigators. This is based largely on 

the tooth size and shapes, such as male tooth are usually larger, whereas the 

female's dental eruptions are earlier (Stimson and Mertz, 1997). Sex estimation 

using dental features is primarily based upon the comparison of tooth dimensions 
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in males and females, or upon the comparison of frequencies of non-metric dental 

traits, such as Carabelli’s cusps, deflecting wrinkle of lower first molars, distal 

accessory ridge of the upper and lower canines, or shovelling of the upper central 

incisors (Teschler-Nicola and Prossinger, 1998).   

 

More specifically, the techniques used for dental sex estimation include 

measurement of crown size or the cervical diameter, which avoids problems 

associated with teeth that are heavily worn. Odontometric data are obtained using 

vernier or digital callipers to measure the mesiodistal (MD) and buccolingual (BL) 

dimensions of all the teeth. The MD dimension is defined as the greatest distance 

between contact points on the approximate surfaces of the tooth crown and placed 

occlusally along the long axis of the tooth (Prabhu and Acharya, 2009). The BL 

measurement is defined as the greatest distance between the labial/buccal surface 

and the lingual surface of the tooth crown, measured with the calliper beaks held at 

right angles to the MD dimension (Prabhu and Acharya, 2009).   

 

Nevertheless, odontometric variation also occurs in specific populations, or even 

within the same population. Therefore, it is necessary to determine specific 

population values in order to make identifications on the basis of dental 

measurements. These values can be of use in determining sex in specific cases; in 

individuals as well as in groups (e.g. mass disasters, archaeological sites - 

Vodanović et al., 2007).  

  

Measurements of the deciduous dentition have shown that teeth of boys are 

generally larger than those of girls, yielding accuracy between 64% and 90%.  
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Sexual dimorphism is less marked in the deciduous teeth than in the permanent 

dentition. In primates the canines showed the greatest degree of the sexual 

dimorphism, with up to 50% difference in the size of the mesio-distal crown 

diameter in males compared to females. Humans canine still show its greatest 

difference between boys and girls of ages 5 to 12 years. It has been hypothesised 

that this canine sexual dimorphism in crown size is due to the thickness of the 

enamel, as amaelogenesis continues for a longer time in males than in females 

(Garn et al., 1965a; Bailit and Hunt, 1964; Weiss et al., 2007). 

 

Generally, skeletal maturation and dental development in males is slower than in 

females. However, the most variable feature of dental development between males 

and females is the variation of the emergence, or eruption sequence and the 

eruption times, where dental eruption in females occurs earlier. There is almost no 

difference in the timing of the calcification between the male and female dentition in 

the early stages, but it is the completion of root formation where an obvious sexual 

dimorphism exists. The difference between eruptions on average is from 4 to 6 

months (Almonaitiene et al., 2010). 

 

d) Ethnicity 

Different human populations show variability in tooth development (White and 

Folkens, 2005). The estimation of ethnicity by teeth can be analysed with 

consultation and assistance of a forensic anthropologist (Herchaft et al., 2006). 

Many dental features associated with ethnic variation are related to morphological 

(metric) and non-morphological (non-metric) findings (Herchaft et al., 2006). 
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i. The morphological study of teeth is very important for identification purposes 

and involves the use of metrical aspects of tooth appearance (including shape, 

structure, pattern, and function) to study the relationship and effects between 

the structure and function of tooth features. Tooth morphology has received the 

greatest amount of attention with respect to understanding the relationship 

between ethnicity and variations in tooth structure (Irish and Nelson, 2008). 

 

Dental dimensions differ from one ethnic group to another and ethnicity also 

appears to influence the timing of dental development. Brook et al. (2009) 

compared permanent mesio-distal crown diameters of four ethnic groups (North 

Americans of European ancestry; Southern Asians; Modern-British; and 

Roman-British) and found a correlation between ethnicity and development of 

the teeth. Tooth size varied between the various ethnic groups and it was 

proposed that genetic and other environmental factors impact on the 

development of the teeth (Brook et al., 2009). 

 

ii. Non-metric variations are differences in teeth in the form of characteristics that 

can be used to assess biological affinity. Supernumerary teeth, crown fissure 

patterns, cusp number, accessory crown features and root numbering, size and 

shape are all known to have a higher frequency in particular populations (White 

and Folkens, 2005): 

 

a) Shovel-shaped incisors (varying degrees of lingual edge thickening giving rise 

to a shovel appearance) occur more frequently in the permanent teeth of 
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Asians and Native Americans (90%) and less frequently in Caucasian and 

African less than (15%) – (Herschaft et al., 2006; Lewis, 2007). 

 

b) Carabelli cusps are more frequently, found in Caucasoid (78-85%) individuals. 

Variations such as agenesis also help in understanding the molecular and 

biochemical development of the tooth and the features that helped in its 

formation (Hillson, 1996; Herschaft et al., 2006).   

 

Nevertheless, the timing and rate of dental development exhibit a similar trend to 

the genetic ancestry. Similar geographical and racial origins show similarities in 

their growth patterns (Blenkin, 2009). Growth is affected by both genetic and 

environmental factors and do not act independently; It is also influenced by 

ethnicity and geographical location. That makes the nutrition and socioeconomic 

status parts of the race (ethnicity), which can be influenced by religion and cultural 

background.  Consequently, variations of ethnicity are primarily due to genetic 

variation and not environmental factors (Marshall, 1981; Tanner, 1962; Trotter and 

Gleser, 1952; Trotter and Gleser, 1977; Blenkin, 2009). 

 

The majority of these authors have suggested that the variations in rates of dental 

development may be due, at least in part, to racial differences between the sample 

populations. While this effect may keep gene pools and consequently their various 

rates of development relatively different and separate, it is this genetic heritage that 

is responsible for these differences in the first place. 

 

 



Chapter Three - Review of Literature 

65 

 

II- Local factors and/or environmental factors 

In general, growth and development of the human body is affected by a complex 

interaction of genetic and local factors that may result in minor, yet sometimes 

significant, alterations in the timing and rate of dental development. Studies, have 

consistently shown that dental development is less affected by environmental 

factors than growth of the skeletal, somatic or sexual systems (Garn et al., 1965b; 

Melsen et al., 1986; Ryman, 1975; Blenkin, 2009; Cardose, 2007b; Almonaitiene et 

al., 2010). As previously mentioned, it is extremely difficult to separate genetic and 

environmental influences. In order to keep these effects in context it is worth noting 

the common finding that only minimal (10-15%) of variation in dental development 

is due to local factors (Blenkin, 2009). Some local factors that have been found to 

influence the emergence of the permanent teeth include early or late extraction of 

the deciduous teeth, supernumerary teeth, odontoma, crowding, osteogenic 

tumors, cysts, and trauma (Prahl-Anderson and Van der Linden, 1972; Weiss et 

al., 2007; McDonald et al., 1994; Smith, 2005). It is therefore concluded that, there 

are various factors which lead to premature loss of deciduous teeth, which can 

affect the timing of the emergence of their successors. For example, loss of the 

deciduous teeth too early while the permanent successor is still in the jaw may 

result in developmental retardation (Adler, 1963; Smith, 2005).   

 

As a result, dental development has been deemed a superior tool to dental 

eruption for age estimations and many methodologies now combine development 

and eruption (Ubelaker, 1978). Furthermore, if clinical emergence is used as the 

sole criterion for dental age assessment then it can only be applied correctly up 

until the age of 2.5 - 3 years, as this is when the deciduous dentition is generally 
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complete, then start again at 6 when the first molar erupts (Demirjian et al., 1973). 

No emergence takes place between the ages of 2.5 - 3, until 6 years of age, and 

then after the 12th year (Levesque et al., 1981). 

 

The formation of the permanent teeth is not affected by premature loss of the 

deciduous teeth; they are two independent events (Fanning, 1962). Dental 

development is a continuous process that can be assessed by permanent records 

such as dental radiographs, where available (Hedge and Sood, 2002). Dental 

development is therefore, a better measure of physiological maturity than dental 

eruption, as it is a continuous developmental process which is not influenced by 

individual variation or elapsed time (Prieto et al., 2005). 

 

Tooth size, calcification and tooth eruption are genetically estimated, which 

explains the differences between populations (Garn et al., 1965a). These 

differences are stronger in permanent than in deciduous teeth, including their 

eruption because they are affected by systematic influences i.e. nutrition and local 

conditions (Garn et al., 1965a). These racial and individual variations, however, are 

difficult to interpret as studies use different age groups and different methodology. 

 

As a result, early developed dentition is used in age estimation along with the 

skeleton, and that is what Lewis and Garn in 1960; Demirjian et al. in 1986 and 

Smith in 1990 confirmed by stating that teeth are better than the skeleton in age 

estimation. This is because they survive inhumation well, their development and 

maturation cover the whole juvenile life span, they are less affected by adverse 
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environmental circumstances, and most importantly they show less variability than 

skeletal age. 

 

3.2.1.3 General Conclusion 

All maxillary teeth emerge earlier than their mandibular counterparts, except for the 

lower central incisor (left and right respectively) in boys, the left side dentition 

shows significantly earlier emergence times, except for the maxillary second molar. 

In girls, the emergence times of the left and right sided dentitions were different 

from the boys but not significantly so. All mandibular right teeth emerged earlier 

than the mandibular left teeth (Soliman et al., 2011). 

 

Estimation of age of a child is used to make inferences about mortality rates, 

growth and development, morbidity, weaning age, congenital, environmental 

conditions and infanticide. For that reason, age estimation is based on a 

physiological assessment of dental or skeletal maturation and relies on the 

accurate conversion of biological into chronological age (Lewis, 2007). There is 

variation between ethnicity, sex of individuals involving effects of the environment, 

disease, secular changes and genetics (Demirjian and Levesque, 1980; Saunders 

et al., 1993). The timing and sequence of this development and emergence differs 

variously between populations and with disease, caries, and eruption of the 

succeeding permanent dentition. This is highly variable in particular (Willems et al., 

2001; Lewis, 2007). However, as many authors have reported, it is still genetics 

that plays the largest role in determining the extent of this variation (Garn et al., 

1965a, b; Lewis and Garn, 1960; Merwin and Harris, 1998; Pelsmaekers et al., 

1997; Blenkin, 2009). 



Chapter Three - Review of Literature 

68 

 

Teeth are amongst the most durable elements in the human skeleton and they 

show distinct variations as a result of various factors such as growth, sex, ethnicity 

and the geographic origin of the individual. The size, shape and emergence of 

teeth also differ according to the stage of growth (e.g. foetus, child and adult) and 

according to sex. These variations occur between different human groups, as well 

as between individuals of the same age, sex, and population (White and Folkens, 

2005).  

 

3.2.2 Matching Teeth 

One of the oldest and most commonly used methods of identifying permanent 

dentition is “matching” which is neither time consuming or difficult. In this method 

an individual’s dental pattern is compared or matched to a set stage in a dental 

atlas (Schour and Massler, 1941) that lays out a typical profile of stages over all 

age ranges. A particular individual’s rating may then be compared with the profiles 

until the best match is found; the age of that profile then becomes the dental age 

estimate (Demirjian et al., 1973). Difficulties with matching may occur when the 

numbers of teeth or sequencing between the two do not match the atlas (Scheuer 

et al., 2000). 

 

The atlas is by far the easiest method with which maturity is compared to reference 

drawings of developing teeth at specific ages. This method suffers from several 

difficulties. Firstly, the problem of age: as not all children match the drawings. In 

fact, not all teeth will match the maturity levels. Another limitation is assessing 

eruption on a dry specimen. Alveolar eruption is not equivalent to clinical 

emergence into the mouth. To date, the variability and timing of eruption stages 
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have not been incorporated into an updated atlas. A further difficulty is maturity 

overlap which occurs when a tooth or group of teeth is not in synchrony with the 

rest of the developing dentition. In such cases, the researcher is forced to choose 

whatever drawing for age that most closely fits the individual being assessed (Irish 

and Nelson, 2008). 

 

3.3 The Evaluation of Current Methodologies 

3.3.1 AlQahtani et al., (2010). "The London Atlas of human tooth development" 

In 1933 at Loyola college of Maryland, USA, a histologist (Kronfeld) and an oral 

surgeon (Logan) wanted to know accurately the dates of development for 

treatment of cleft palate, so they initially developed dental development diagrams 

based on histological studies of jaw sections (Logan and Kronfeld, 1933). 

 

This study was then followed by Chicago's West Side University of Illinois', Schour 

and Massler (1941) in the years before World War II. Schour's legacy in 

recognizing the neonatal line, which is a specialized brown line of Retzius formed 

at birth in developing enamel, is also used for staging (Bodecker et al., 1951). 

 

Schour and Massler (1941) used radiographs to develop charts (Appendix A - 

Figure A.14) possibly because most studies of dental development in living 

children are based on radiography. Methodology varies, but most are based on 

stages familiar to any dentist: initial mineralization, crown completion, and 

completion of the root apex. 
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The Schour and Massler pictorial chart was first published in (1941) and it has 

been based on development seen in terminally ill children, although it has less 

inaccuracy and bias values; but there are small but significant sex differences in 

age for some of their dental stages, which can affect the overall accuracy of age 

estimation. (Smith, 2005). Subsequently, a great deal of research has been done 

on growth and development. 

 

Ubelaker’s atlas (1978) (Appendix A - Figure A.7) of dental formation and eruption 

among American Indians was also compiled from a variety of sources, and it used 

the ‘‘early end of the published variation in preparing the chart’’ because ‘‘some 

studies suggest that teeth probably form and erupt earlier among Indians’’ 

(Ubelaker, 1978). Eruption in this atlas refers to emergence from alveolar bone, 

which contrasts to Ubelaker’s atlas (1978) where ‘‘eruption refers to emergence 

through the gum, rather than emergence from the bone or the tooth reaching the 

occlusal plane’’. Allowance should be made for gingival eruption in the presence of 

oral soft tissues, when using this atlas (AlQahtani et al., 2010). 

 

Kahl and Schwarze (1988) updated Schour and Massler’s atlas using 993 

radiographs of children aged 5–24 and produced charts for separate sex for each 

age. Both Kahl and Schwarze (1988) and Ubelaker (1978) presented anatomical 

drawings with no internal dental structure, yet are based fully or partly on the 

radiographic data. Internal hard tissues of a developing tooth can help distinguish 

between developmental stages thus improving sensitivity and accuracy (AlQahtani 

et al., 2010). 
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Previous atlases and charts are hampered by inadequate age ranges not covering 

the entire developing dentition. The new atlas covers as much of the developing 

dentition as possible and all ages are represented. Each illustration in the new 

atlas from ages 1 to 23 years shows tooth development and eruption at the 

midpoint of the chronological year. 

 

Developmental stages were illustrated as radiographic representations and 

clarified by the addition of written descriptions. Teeth were spaced to ease stage 

assessment making it applicable to both radiographs and direct observation 

(AlQahtani et al., 2010). 

 

AlQahtani et al. (2010) produced a new updating of the tooth developing table of 

Schour and Massler (1941). AlQahtani et al.’s developed a comprehensive 

evidence based atlas to estimate age using both tooth development and alveolar 

eruption for human individuals between 30 weeks in utero to 23 years. This 

updated atlas contains a sequence of diagrams representing a continuum of 

developmental ages without gaps or overlaps.  

 

The aim of AlQahtani et al.'s endeavour was to identify the developmental, root 

resorption and eruption stages of teeth according to modified stages published by 

(Moorrees et al., 1963a, b) Appendix A – Figure A.9). This latter work contains a 

visual guide to establishing the level of crown, root and apex formation for the 

permanent tooth either single or multi-rooted. This is in accordance with the 

modified Bengston's (1935) stages (AlQahtani et al., 2010; Appendix A – Figure 

A.9) that are used to identify tooth eruption for the primary and permanent teeth.  
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This was a cross sectional, retrospective study of 704 archived material records: 

radiographs of known age individuals and known age-at-death skeletal remains.  

Specimens aged between 28 weeks in utero and 2 years of age were examined 

from Collection at the Human Origins Group, Paleontology Department, Natural 

History Museum, London (Molleson and Cox, 1993). The sample consisted of 15 

females, 22 males, and 13 unknown sex (n= 50); the second was Maurice Stack’s 

collection, which is part of the Odontological Collection at The Royal College of 

Surgeons of England (Stack, 1960) comprising 69 males and 57 females (n= 126). 

 

Individuals aged 2–24 years of age were selected from the Institute of Dentistry, 

Barts and the London School of Medicine and Dentistry. With all teeth in focus, of 

healthy individuals from archived dental radiographs of living individuals (Males= 

264, Females= 264; n= 528). 

 

I- Comparison of the updated London atlas to the original atlas 

- The updated atlas showed significant differences from the original atlas, 

possibly because the original atlas was based on lateral cephalometric 

radiographic data and it was from a small sample, or because of the age 

range. 

 

- In the original atlas, the midway point was at the beginning of a 

chronological year with an age range of plus or minus 6 months, which 

means that the illustration of a 2 year old could be within the range of 1 year 

and 6 months to 2 years and 6 months. In the updated atlas, however, the 
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midway point was in the middle of the chronological year with an age range 

of plus or minus 6 months, making the illustration of a 2 year old within the 

range of 2 years and 1 day to 2 years and 364 days. 

 

- The other main difference is the consistency of the age range. In the 

updated atlas all age ranges were 6 months plus or minus with the age 

midway point in the middle of any chronological year – except for under 1 

year olds, whereas the original one had different age ranges for different 

years, with some being 9 months plus or minus and some with 3 months 

plus or minus. 

 

- The original atlas had more data for the prenatal and the neonatal babies, 

which was not possible to update in this present project.  It also had more 

data for the under 2 year old children, which made it possible for them to 

create an extra illustration for the under 1 year old children. But when it 

came to older age groups, the original atlas was lacking illustrations that 

demonstrate 14, 15, 17, 18, 19, 20, 22 and 23 year olds, which were all 

done in this updated atlas. This makes the new atlas valuable because it fills 

a gap in literature and provides comprehensive illustrations for all cases 

under 24 years of age. 

 

A particular limitation of dental development standards is that the reliability of age 

estimation is not uniform from birth to adult-hood. At around 14 years most teeth 

are fully developed and age estimation becomes increasingly difficult (Reppien et 

al., 2006). Generally at this stage the 3rd molars are the only teeth still developing; 



Chapter Three - Review of Literature 

74 

 

this particular tooth, however, is not always useful since it is not only characterized 

by considerable variation in the timing of formation and growth, but is also 

frequently congenitally absent (Levesque et al., 1981; Mincer et al., 1993). 

 

3.3.2 Demirjian et al., (1973); 7- left Mandibular teeth (Original)  

There are many dental standards available for age estimation by using 

radiographic evaluation of root development and mineralization and/or 

macroscopic observation of tooth emergence patterns (visible emergence usually 

occurs when root formation is about three quarters completed - Franklin, 2010).  

 

Currently, the most commonly used standards for forensic age estimation or 

analysis of children and sub-adults is Demirjian et al. (1973). This study is based 

on eight stages of tooth mineralization, from the calcification of the cusp to closure 

of the apex on the 7- left mandibular teeth, and each tooth is given a score based 

in its phase of calcification (A – H score. see Appendix A - Figures A.10 & A.11 and 

Tables A.15 & A.16 for both sex). The written descriptions of these stages were 

modified in a later paper by Demirjian’s in order to provide further clarification of 

the defining features of each stage. These evaluations were totaled for all teeth, 

calculating a maturity score measuring from 0 to 100 (was adapted as basic score 

of maturity, see below (Appendix A - converted tables for both sex - A.17 & A.18). 

This maturity age could then be converted into a dental age (Demirjian et al., 1973, 

1976; Flood et al., 2011).  
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The term ‘estimated age’ is synonymous with ‘dental age’, and both terms will be 

used interchangeably for the remainder of this thesis. In addition, the maturity 

scores are based on Tanner and Whitehouse’s (1962) method of skeletal age 

estimation which uses ossification sites of the hand and wrist to determine skeletal 

maturity (i.e. each bone was given a score depending on its stage of ossification).  

Because mineralization can be compared to bone ossification (Scheuer et al., 

2000), Demirjian et al. (1973) created eight stages based on the knowledge that 

each tooth passes through the same developmental stages in every individual.  

Once a total maturity score is determined (out of 100), it is converted to an 

estimated age specific to the sex of the individual. For more details see the next 

chapter material and method. 

 

The sample used by Demirjian’s consisted of 1446 males and 1482 females (n= 

2928) of French-Canadian origin aged between 2 and 20 years on healthy children 

all of whom had parents and grand-parents of French-Canadian origin. OPGs were 

taken of each case and the teeth # 37 to # 31 [2nd molar, 1st molar, 2nd bicuspid, 1st 

bicuspid, canine, lateral incisor, central incisor], inclusive were assessed in terms 

of their developmental stage and assigned a rating of A to H (with 0 indicating 

calcification not yet commenced - Appendix A - Figure A.10). Demirjian’s standard 

is based on the left side of the mouth as it has been noted that there is a high 

degree of bilateral symmetry in dental development (Pelsmaekers et al., 1997). 

The left mandibular teeth are seen more clearly and have been widely used to 

assess the degree of calcification during the development (Al-Emran, 2009). 

Panoramic radiographs were used because they are easier to produce than 

intraoral radiographs in young or nervous children; they gives less radiation for a 
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full mouth and the picture of the mandibular region is less distorted (Demirjian et 

al., 1973). 

 

The choice of the mandibular over the maxillary teeth was one of practicality: bony 

structures of the maxilla often obstruct radiographic views of the permanent teeth, 

especially during the first 6 years of life. In the studies reviewed above, many have 

limited their research to the mandibular teeth for this same reason (Nolla, 1960; 

Moorrees et al., 1963a; Liliequist and Lundberg, 1971). However, mandibular teeth 

are not always present in a forensic context. Demirjian’s methods utilize OPGs; a 

type of radiograph presenting a panoramic dental X-ray displaying the complete 

dental arcade (Farah et al., 1999). Conversely the mandibular teeth are quite 

clearly visible in an OPG, with the possible exception of older type OPGs where 

the cervical spine became superimposed over the mandibular anterior teeth. 

Regarding the decision only to use teeth from one side of the mandible, several 

researchers have demonstrated a very high correlation between the developmental 

stages of the teeth of the left and right sides of the maxilla and mandible (Green 

and Aszkler, 1970; Anderson et al., 1976; Mörnstad et al., 1994; Pelsmaekers et 

al., 1997; Koshy and Tandon, 1998). 

 

Furthermore, the system developed by Moorrees, Fanning and Hunt (1963a), has 

been simplified to include fewer stages that rely on relative, not absolute, 

measurements. Further, the stages are described in detail with reference diagrams 

and radiographs depicting each stage for each tooth type (See Chapter Four).  

This provides a system that would appear accurate, yet simpler to use than its 

predecessors, thus one would expect a higher degree of inter-examiner 
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agreement. On the other hand, of the Demirjian's system is that one requires all 

seven mandibular teeth to make an assessment. In forensic cases involving 

trauma, decomposition, skeletonisation, or predation, teeth are often missing, while 

in other cases teeth may be missing due to caries or agenesis. While the authors 

have suggested substituting an assessment of the matching tooth from the contra-

lateral side in such cases, this is not always possible. All these limitations of 

Demirjian’s method will be discuses below. 

 

I. Limitation of Demirjian et al., 1973 

Although Demirjian’s method is widely accepted, there are several limitations 

associated with the application of this standard. 

 

a) Sexual Dimorphism 

It has been shown that the age at which permanent teeth reach different 

stages of mineralization can differ between males and females (Krogman 

and Iscan, 1986); however, Nolla (1960) reported the extent of variability to 

be similar in both sexes. Demirjian’s method incorporates a separate 

classification system for male and female individuals, allowing for individual 

teeth to be more advanced in one sex than in the other. In many forensic 

situations, however, the sex of an individual is unknown. In terms of 

recovered remains, identifying the sex of an individual can be accomplished 

using some visual cues, such as the permanent molars in females being 

slightly smaller in mesio-distal diameter than in males (Blenkin, 2005), 

however considerable variation is evident among the sexes with regards to 

developing dentitions (Blenkin, 2005). Krogman and Iscan (1986) 
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recommend identification should not be based on visual characteristics as 

sexual dimorphism in the dentition can be highly variable. 

 

Some studies have shown that there is a close similarity in the timing 

sequence of the developing dentition in males and females at younger ages 

(5 and 6 years), followed by the advancement of females over males in the 

later years (≥ 6 years to 16 years); as determined in a French-Canadian 

population by Demirjian and Levesque (1980). Chaillet et al. (2004a), 

however, found females were more dentally advanced in comparison to 

males for all age ranges in a Finnish population. More recently Chaillet et al. 

(2005) examined data from many different countries and found that dental 

maturity was advanced in females until 18 years of age, however at ages 12 

and 13, males were beginning to catch up to females. With regards to 

individual tooth development, Demirjian and Levesque (1980) revealed the 

permanent dentition for the females develops roughly 1 to 6 months ahead 

of males, while for canine teeth females can be ahead by up to 11 months.  

In most cases, the results seem to indicate that, developmentally, females 

are ahead of males, except in Nolla’s (1960) study which concluded that 

there were no differences between males and females with regards to the 

timing of the developing dentition. It is possible that Nolla’s (1960) study 

may have obtained different results because it was based on a 10-stage 

system of dental maturity (the Nolla method) as opposed to Demirjian’s 

eight stages of dental development. 
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b) Dental Pathologies 

In previous studies using Demirjian’s method, individuals have been 

excluded when presenting any form of dental pathology or anomaly, 

however, in reference studies, a complete exclusion of individuals with 

impaired dental development has practical implications (Meinl et al., 2007). 

Meinl et al. (2007) stated that forensic age estimation is only applicable to 

individuals with a normal dental arcade. Unfortunately, normal dental 

arcades are not always present in forensic situations and many studies do 

not include OPGs comprising dental pathologies (Prieto et al., 2005).  

 

Dental development is thought to be impeded by severe and long lasting 

diseases as in the case of many congenital diseases (Solheim and Vonen, 

2006). For example, they revealed that dental mineralization was delayed by 

nutritional deficiencies and severe dental diseases, while mineralization was 

advanced with rare hormonal hyper secretion. Meinl et al. (2007) found the 

opposite result; showing individuals who could be possible outliers (i.e. with 

acute diseases) showed no precarious findings. In other words, Meinl et al. 

(2007) concluded that the mechanisms involved in the regulation of tooth 

development are hard to affect, even under pathological conditions. 

 

c) Absent Teeth 

The major disadvantage of Demirjian et al’s method (1973) is that they 

assign a value of zero for missing teeth, causing a misrepresentation of the 

total dental maturity score in any particular individual. Furthermore, the 

mandibular second premolars are the most frequently missing teeth 
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(Haavikko 1970; Arte et al., 2001) (other than the third molars, Haavikko, 

1970). Fortunately, many studies, like that of Chaillet et al. (2005) and 

Demirjian et al. (1973), have only used individuals with complete sets of 

mandibular teeth, however, this is not always suitable in a forensic situation. 

 

Absent teeth may be defined as any tooth that is missing in the oral cavity 

and can be a result of tooth agenesis, unerupted, impacted, extracted 

and/or congenitally missing (Ash, 2003). For individuals with absent teeth, 

Demirjian’s suggests substitution of the right side with those that are missing 

from the left, as there is a high degree of lateral symmetry. In cases where 

this is not possible, a score may be obtained based on other mandibular 

teeth. For example, if the missing tooth is frequently the same tooth (i.e. 

second premolar), then estimations may be obtained by inserting an 

average score over the remaining six teeth, though this may lead to a 

biased estimate at any particular age (Demirjian et al., 1973). In general, 

Demirjian’s method appears unsuitable for individuals with missing teeth, 

unless bilateral substitution is possible. However, Demirjian’s assigns a 

score of zero for all non-appearance (or absent) teeth. This presents a 

problem in the overall total maturity score as that particular tooth could have 

been extracted to make space in the mouth. Willems et al. (2001) showed a 

significant overestimation of the dental age in Belgian Caucasians using the 

original methods developed by Demirjian’s. These authors suggested that 

the standards obtained from Demirjian’s large French-Canadian sample 

may not be valid in other populations. 
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d) Exclusion of Third Molar 

Demirjian’s standard excludes third molar development in their classification 

(Demirjian and Goldstein, 1976; Solari and Abramovitch, 2002). This may be 

due to the fact that the third molars are often congenitally absent, 

malformed, impacted or extracted, and are the most variable teeth with 

regards to development, size, and time of formation and/or eruption (Mincer 

et al., 1993).  

 

Some studies have used Demirjian’s eight stages of dental development to 

assess the stages of the two maxillary and two mandibular third molars 

(Olze et al., 2005), however, Demirjian’s standards were not originally 

intended for this purpose. Because third molar formation proceeds through 

the same developmental stages as other teeth, it would be both logical and 

practical to use these standards for the assessment of third molar 

mineralization.  

 

One study found Demirjian’s standards are only applicable when third molar 

assessment is performed alone and not while evaluating any of the 

remaining teeth (Dhanjal et al., 2006). However, Chaillet and Demirjian 

(2004) used Demirjian’s eight stages of dental development to determine an 

age estimate based on eight teeth; seven teeth plus the third molar. The 

eight stages were converted to numbers with two additional stages being 

added to increase accuracy, and dental maturity scores were linearly re-

scaled to 100. Accurate results were obtained with the addition of the third 

molar; however Demirjian’s methods based on seven teeth were more 
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accurate for individuals 2 to 9 years of age. Therefore, Demirjian’s eight 

tooth methods are most accurate if the third molar is present; otherwise the 

seven tooth methods should be used (Chaillet and Demirjian, 2004). 

 

Dhanjal et al. (2006) revealed that Demirjian’s standards are the preferred 

method when assessing third molar formation, as they are reproducible, and 

have been widely used to determine the chronology of third molar 

development (Arany et al., 2004; Meinl et al., 2007). Olze et al. (2005) 

reviewed five different methods of age estimation for third molar formation 

and found Demirjian et al.’s (1973) original 7-tooth technique produced the 

highest values for both observer agreement and correlation between 

estimated and chronological age on the basis of the stages defined. 

 

Demirjian’s exclusion of the third molar may result from the absence of 

symmetry which has been observed by Mincer et al., (1993). Left-right 

symmetry formation in the third molars was higher in the maxilla, than in the 

mandible (Mincer et al., 1993), and a higher accuracy was revealed when 

using multiple third molars for classification as opposed to individual teeth; 

suggestive of a considerable left-right asymmetry (Nolla, 1960; Gravely, 

1965; Garn and Smith, 1980). However, in an Austrian population, there 

were no differences between the left and right sides in mandibular third 

molar formation (Meinl et al., 2007), and the left-right disparities found in 

other studies were thought to be due to coincidence (Meinl et al., 2007). 

Similarly, Prieto et al. (2005), and Otuyemi et al. (1997) found no disparities 

in the left and right sides of a Spanish and Nigerian population. Levesque, 
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Demirjian and Tanguay (1981), however, determined that each side is 

random in its development in a French-Canadian population. This presents 

a further problem of whether separate standards must be developed for third 

molar mineralization based on left-right asymmetry. 

 

II. Reviews: Validation and Disparities of Demirjian et al., 1973. 

Nykänen et al. (1998) used the Demirjian et al. (1973) method for dental age 

estimation and applied their standards to Norwegian children. They found that their 

children were comparatively more advanced in dental development than the 

French-Canadian children. This finding is in accordance with the studies of 

Swedish and Finnish children that have been analyzed utilizing the Demirjian 

method (Hägg and Matsson, 1985; Nyström et al., 1986; Staaf et al., 1991). 

Although the mean differences between estimated and chronological ages were 

comparatively small, indicating a good correlation between dental maturity and 

actual age among the Norwegian and French-Canadian children, individual 

estimates varied considerably, particularly in the older children. This observation of 

increased variability with age was also found in other studies using various 

methods for age estimation from dental development (Hägg and Matsson, 1985; 

Nyström et al., 1986; Reventlid et al., 1995).   

 

Davis and Hägg (1994), in an effort to estimate chronological age based on tooth 

formation in Chinese children, used the methods of Demirjian et al. (1973) along 

with the updated standards by Demirjian and Goldstein (1976) and Demirjian 

(1986). While they found the precision to be high, the accuracy was low, with the 

mean difference between dental age and chronological age of the Chinese children 
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being 11 months for boys and 7 months for the girls. Davis and Hägg (1994) 

believe that their results indicate that Demirjian's method cannot be accurately 

used to estimate the chronologic age of Chinese children.    

 

Loevy (1983) used the methods of Demirjian et al. (1973) to analyze and compare 

the dental development of European American, African American, and Latin 

American children from the Chicago area. Loevy found that each of the populations 

tested displayed faster development than Demirjian’s French-Canadian children. 

Loevy (1983) also determined that Latin American males were not significantly 

different from European American males and that African American males were 

significantly different from European American males. For females, a significant 

difference was found between European Americans and the other two groups 

(Loevy, 1983).  

 

Several studies have tested systems of dental aging using children of known age, 

however, some do not report the actual differences in predicted versus actual ages 

(e.g.,Haavikko, 1974). Staaf et al. (1991) tested the methods for age determination 

from dental development and compared the methods of Demirjian et al. (1973), 

Haavikko (1974), and Liliequist and Lundberg (1971). Their sample consisted of 

541 Swedish children aged 5.5 to 14.5 years. Staaf et al. (1991) found that when 

Demirjian's method was used, the age was consistently overestimated by 

approximately 10 months for both sexes. These results were similar to those of 

Hägg and Matsson (1985), who obtained an overestimate of 4 to 6 months for 

Demirjian.s method. Olze et al. (2005) proposed possible ethnic differences 

between the original Demirjian's reference population (French-Canadian) and the 
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sample population (Swedish) with which they were working. Nevertheless, it is 

frequently reported that Demirjian’s scoring system involves a significant 

overestimation (Willems et al., 2001; Prabhakar et al., 2002; Liversidge et al., 

1999). 

 

An analysis of Haavikko (1974) method found an underestimate ranging from 4 to 

6 months, with lower errors attributed to the younger individuals and higher errors 

for those above approximately 10 years of age (Staaf et al., 1991). Liliequist and 

Lundberg.s (1971) system of assessing dental age displayed a correct estimate for 

girls and an overestimate of roughly 7 months for boys (Staaf et al., 1991). Staaf et 

al. (1991) explain the differences between Haavikko (1974) and Liliequist and 

Lundberg.s (1971) studies as resulting from the differences of about one year or 

more between each of their stages.  

 

Hägg and Matsson (1985) compared the methods of Liliequist and Lundberg 

(1971), Gustafson and Koch (1973), and Demirjian et al. (1973) to determine which 

one more accurately predicts the age of 150 Swedish children 3.5 to 12.5 years of 

age.  Each case was independently assessed by each researcher. Unlike Staaf et 

al. (1991), Hägg and Matsson found that the method of Liliequist and Lundberg 

(1971) consistently underestimated the age by 2 to 6 months, with lower errors for 

the boys. In addition, they found that this test had, overall, the lowest accuracy 

despite the fact that it represents standards set from analyses of Swedish children.   
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Hägg and Matsson (1985) also found that the methods of Gustafson and Koch 

(1973) were difficult to replicate and the age predictions were poor for females but 

acceptable for males. Of the three tests, the stages of the development of maturity 

determined by Demirjian et al. (1973) when used on French-Canadian subjects 

gave the most precise age estimates. They determined that the subject's age could 

be accurately estimated to within 15 to 25 months with 95% confidence.   

 

Willems et al. (2001) found that Demirjian et al.’s (1973) can overestimate age by 

up to 1.0 year in certain age groups; suggesting that these overestimates may 

have occurred due to different developmental rates in the Scandinavian/Belgian 

populations versus the French-Canadian one. Eid et al. (2002) revealed similar 

results in a homogeneous sample of Brazilian individuals from Sao Paulo, where 

age was overestimated by an overall mean deviation of 0.65 years with the revised 

7-tooth system. Their study indicates that Brazilian or Latin American individuals 

are considerably more advanced in dental maturity compared to Demirjian’s 

French-Canadian sample, supporting the need for more population-specific 

standards.  

 

Similar results occurred in a homogeneous sample of the Malaysian population 

(i.e. from Kelantan), where Demirjian et al.’s (1973) original 7-tooth technique 

overestimated the age of males and females with an average difference of 0.75 

years for males and 0.61 years for females; (Mani et al., 2008).  
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Chaillet et al. (2004a) examined a French population consisting of 1031 individuals 

(561 females and 470 males) aged 2 to 18 years. In this study, Demirjian and 

Goldstein’s (1976) method for second and third molars was used to determine their 

maturity scores. The third molar was also included in this method (making 8 teeth in 

total). Their results showed that the inclusion of the third molar increased the 

reliability (from 10.2% to 4.2% of error) and accuracy of age prediction by ±2 years.  

Arany et al. (2004) performed a similar study by applying Demirjian and Goldstein’s 

(1976) method for assessing mandibular and maxillary third molar eruption in 1289 

Japanese individuals aged between 14 to 24 years. Males attained root development 

earlier (by 8 months) than females of the same age. The mean difference was 1.6 

years and the standard deviation was ±1.2 years for both sexes.  

 

A more recent study (Cameriere et al., 2008a) found that in a mixed population of 

Caucasian individuals from Croatia, Italy, and Spain, age was overestimated in 

males and females by an error of 0.61 years and 0.75 years, respectively, with the 

original 7 tooth technique. Even though the above populations were overestimated, 

the overestimates were below the ±1.0 year threshold; including them for use in the 

field of Forensic Odontology (Chaillet et al., 2004a). 

 

Farah et al. (1999) concluded that a shortcoming of the Demirjian’s method in a 

forensic context is that the permanent mandibular teeth may not always be present 

at the scene. Classification, in such cases by the Demirjian’s method would be 

quite difficult and less appropriate. An additional drawback of the Demirjian’s 

method is that there are no data available for individuals under the age of 3, 
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making classification of individuals less than that age impossible. Another problem 

arises from missing or extracted teeth. 

 

Differences have been attributed to disparities within subgroups of the same 

population or may be a result of different Demirjian’s standards being used and it is 

evident from previous studies, that in the majority of cases, Demirjian’s standards 

consistently overestimate chronological age. More recently, studies have corrected 

for Demirjian’s overestimates by constructing population-specific dental maturity 

percentile curves (Prabhakar et al., 2002). 

 

Even though Demirjian’s dental development standards are amongst the most 

accurate of classification systems for forensic age determination (Olze et al., 2005; 

Rai et al., 2008), variation exists among individuals in different environments 

(Willems et al., 2001), and therefore the most accurate age estimates are made 

from population-specific data (Schmeling et al., 2003). This was evident in British 

(Liversidge et al., 1999), Chinese (Davis and Hagg, 1994), Northern Turkish (Tunc 

and Koyuturk, 2008), Southern Indian (Koshy and Tandon, 1998), South Australian 

(McKenna et al., 2002) and South African (Phillips and Wyk Kotzc, 2009) 

populations, where Demirjian’s method proved less accurate. 

 

Demirjian et al. (1973) method has proven to be the one of the most acceptable and 

thus widely applied method to study tooth development patterns. The only factor 

which was lacking in their original study was the assessment of the third molars. The 

advantage of Demirjian and Goldstein’s (1976) method is that no special equipment 

is necessary for calculating the scores from the radiographs. An OPG is sufficient to 
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study the course of eruption. A simple instrument such as dividers is sufficient to 

calculate the scores from the radiograph.   

 

The validity of Demirjian et al. (1973) method has been tested for numerous 

population groups worldwide to estimate if the dental age estimation is valid for 

their specific population group. Many authors have reported different standards of 

dental maturation and the majority of studies the comparisons have been made 

between determined values of studied population and French-Canadian standards. 

It was recommended that adaptations would be necessary in order to use this 

technique in other population groups (Demirjian et al., 1973; Appendix A – Table 

A.19). However, no studies have been conducted to establish dental development 

studies for forensic age estimation on Western Saudi Arabia. 

 

3.3.3 Mincer et al. (1993). “The A.B.F.O. Study of Third Molar Development and 

its use as an Estimator of Chronological Age”. 

Thirds molars are in many respects the most variable teeth in terms of 

mineralization and development. Eruption (if it even occurs) is usually between the 

ages of 14.1 and 24.9 years of age (Gunst et al., 2003), because there are virtually 

no other biologic indicators available for this age interval. The presence of third 

molars can be used to judge the sub-adult (juvenile) versus adult status of subjects 

who lack age documentation (Mincer et al., 1993). Third molars are the most 

variable teeth however, inter-individual variation exists and any one individual may 

have as many as one to all four of their third molars mineralized (Mincer et al., 

1993).  
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In addition, hand and wrist methods are no longer applicable as the epiphyseal 

regions have fused (Mincer et al., 1993). Mincer also pointed out that other dental 

development standards are not uniform from birth to adulthood; at around 14 years 

of age most teeth are fully developed and age estimation becomes increasingly 

difficult. Third molars are generally the only teeth still developing at this stage and 

they are the most variable tooth in the dentition in regards to the size, time of 

formation and/or eruption (Mincer et al., 1993). Recent research revealed that third 

molar mineralization standards would be useful in the field of forensic science if 

population specific studies were carried out prior to their application (Olze et al., 

2006a). Assessment of third molars is performed alone and not while evaluating 

any of the remaining teeth (Dhanjal, et al., 2006). 

 

Radiographic evaluation of third molar development has been widely used in 

estimating the chronological age of adolescents. In 1993, Harry H. Mincer et al., 

published a study entitled:  [“The A.B.F.O. Study of Third Molar Development and 

its use as an Estimator of Chronological Age”. J Forensic Sci 1993; 38(2):379-90]. 

Using the eight stages of crown and root formation to score third molar 

development proposed by Demirjian et al. (1973); in their original 7-tooth 

technique; which is specifically based on French-Canadian population. As a result, 

Mincer et al. provided the missing information (created new standards) for older 

individuals with regards to third molar mineralization. They adopted the original 

eight stages of the Demirjian et al. (1973) method and then rated the maxillary and 

mandibular third molars according to their grade of formation. For more details see 

chapter 4 below.  
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This study resulted in the development of mean ages, standard deviations, and the 

empirical probabilities of an individual attaining at least 18 years of age for stages 

D through H based upon the residing arch of the third molar and the subject’s sex. 

The subjects studied included 80% Caucasoid, 19% Negroid, and 1% “other” or 

“unspecified,” and therefore the data produced are only significant for those of 

European ancestry (Caucasoid). However, George et al. (1999) presented a paper 

entitled “Third Molar Development as an Estimator of Chronologic Age in 

Hispanics” to the American Academy of Forensic Sciences (AAFS) in 1999 which 

demonstrated that 3rd molar development is variable and not linear. 

 

It has been determined that third molar mineralization would be a very useful tool in 

the field of forensic science if population-specific standards were applied (Olze et 

al., 2006a). Population differences in the ages at which different grades are 

achieved have been reported. In a Hispanic population, the rate of maxillary third 

molar development was ahead of mandibular third molar development (Solari and 

Abramovitch 2002). This was also the case in Japanese populations, where males 

were ahead of females for third molar mineralization (Arany et al., 2004). Mincer 

has found that maxillary third molar formation is slightly advanced (82%) over 

mandibular third molar formation (74%) and Mincer’s results indicated that third 

molar root formation and eruption occur in males ahead of females. Olze et al. 

(2005), however, failed to find a difference in third molar mineralization between 

males and females. 
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However, a number of other studies have reached the same conclusions as 

Thorson and Häag (Pogrel, 1967; Kullman et al., 1991; Kullman, 1995). The 

observations made included: that there is a large biological variation in the 

development of third molars, that there are also marked differences in this 

development between populations of different regions, a geographical variation, 

and that most studies so far have relied on subjective assessment of the degree of 

development, which has been shown to be a source of error. In the 1995 study by 

Kullman, he attempted to reduce this subjectivity by using a computerized 

assessment technique. Despite this adaptation of the technique he still found a low 

degree of accuracy. On the other hand, studies have found analysis of third molar 

development to be reasonably accurate and therefore useful. One in particular 

study obtained an accuracy of ±2.4 years at the 95% confidence level and even 

more amazingly ±3.6 years at the 99% level (Nortje, 1983). However, this degree 

of accuracy has not been reproduced by other researchers. Mesotten et al. (2003), 

using the Gleiser and Hunt (1955) system, found a moderate correlation between 

third molar development and age (R-square=0.35 females and R-square=0.38 for 

males: Mesotten et al., 2003). They also reported their method to be accurate to 

about ±3.1 years at the 95% confidence level. In continuing this study they 

reconfirmed these findings and further found strong levels of both inter- and intra-

observer agreement as indicated by the calculated kappa statistics (Gunst et al., 

2003). A stronger correlation was reported by Engström, who found equivalent 

values for R-square of 0.60 for females and 0.73 for males (Engström et al., 1983). 
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It is interesting to note that a study by Mincer’s group found that the mean age for 

third molars to reach the stage of development categorized as 'H' by Demirjian’s 

was 20.5 years in both Negro and Caucasian American children (Mincer et al., 

1993). Conversely, racial variation was found to be significant in a study by Olze, et 

al. (2003), who compared the rates of third molar development between Japanese 

and German samples. Using the Demirjian system of assessment they found that 

the Germans were up to 2-3 years advanced over the Japanese at certain stages 

in the development of the third molar (Olze et al., 2003). Gorgani et al. also found 

significant differences in the rates of development of the third molar between 

Negroid and Caucasoid samples (Gorgani et al., 1989). 

 

Mincer et al. (1993) concluded that the examination of third molars may provide 

reasonable accuracy for the likelihood that a person is at least 18.0 years of age, 

instead of examination of exact chronological age. When establishing age 

estimates based on third molar mineralization, it becomes difficult to differentiate 

what constitutes a sub-adult versus an adult. Studies assessing third molar 

mineralization include ages ranging from 12.0 to 24.0 years of age (Mincer et al., 

1993; Prieto et al., 2005; Meinl et al., 2007). The inconsistencies of defining age 

groups as sub-adult or adult may be attributed to differences in the timing of 

mineralization versus eruption. For instance, crown completion of the third molar 

occurs around 12.0 to 16.0 years of age, while eruption takes place between 17.0 

and 21.0 years of age (Schour and Massler, 1940). Classification on what is a sub-

adult versus adult would depend on what was being assessed. In a legal sense, it 

is important to know whether an individual is a sub-adult or adult in order to be tried 

in a court of law, however different countries have different rules regarding this 
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(Mincer et al., 1993). For the purpose of this thesis, sub-adults are defined as 

being less than 18.0 years of age (Appendix A - Table A.20). 

 

Left-right symmetry formation in the third molars was higher in the maxilla, than in 

the mandible (Mincer et al., 1993), and a higher accuracy was revealed when using 

multiple third molars for classification as opposed to individual teeth; suggestive of 

a considerable left-right asymmetry (Nolla, 1960; Gravely, 1965; Garn and Smith, 

1980). However, in an Austrian population, there were no differences between the 

left and right sides in mandibular third molar formation (Meinl et al., 2007), and the 

left/right disparities found in other studies were thought to be due to coincidence 

(Meinl et al., 2007). Similarly, Prieto et al. (2005), and Otuyemi et al. (1997) found 

no disparities in the left and right sides of a Spanish and Nigerian population. 

Levesque, Demirjian and Tanguay (1981), however, determined that each side is 

random in its development in a French-Canadian population. This presents a 

further problem of whether separate standards must be developed for third molar 

mineralization based on left-right asymmetry. 

 

3.4 Additional Methodologies of Age Estimation in Sub-adults         

There is a number of other classification systems for forensic age determination 

using dental development, for example, those of Gleiser and Hunt (1955), 

Moorrees et al. (1963 a,b), Haavikko (1970), Gustafson and Koch (1973), Harris 

and Nortje (1984),  Kullman et al. (1991), Willems et al. (2001), Mesotten et al. 

(2002), Cameriere (2006), Ardakani et al. (2007), Cameriere et al. (2008b) and  

Kasper et al. (2009). These differ in the number of stages, and in the definition of 

stages based on the appearance of each tooth (Olze et al., 2004). To be useful, 



Chapter Three - Review of Literature 

95 

 

such stages must be easily detectable, and common to most individuals (Demirjian 

et al., 1973). The following is a short commentary on a selection of six popular 

systems. 

 

3.4.1 Gleiser and Hunt (1955) 

This method comprises seventeen different stages which are described in both a 

written and diagrammatic format. Gleiser and Hunt base all their chronological 

stages on fractions of future length of the crown or root, rather than changes in 

morphology. Accurate results have been obtained in the past using this 

classification system, and are thought to be the result of the large number of 

stages that were provided (Olze et al., 2005). Demirjian et al.’s (1973) method, 

however, was a superior system to that of Gleiser and Hunt, primarily because the 

stages are not based on estimates of length (Olze et al., 2005). 

 

3.4.2 Moorrees, Fanning and Hunt (1963 a, b)  

Moorrees, Fanning and Hunt’s method is a slight modification of many methods 

including Gleiser and Hunt (1955). It determines dental development by using 

radiography to assign a rating according to consecutive stages for single and 

multiple – rooted teeth. It has a high accuracy and its use is still widespread in 

North America. Saunders et al. (1993), states that it provides the most accurate 

estimates of age with a standard deviation of 6 months. It remains one of the most 

recognized sets of standards for dental mineralization in the permanent dentitions 

of children and dental investigation (Dotson, 2011; Senn and Weems, 2015). The 

advantages of using this system over earlier systems appears that the smaller 

number of stages and reported high intra-observer reliability make for a more 
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consistent and easily applied rating system. Other researchers have applied this 

method with quite accurate results, predicting ages within 0.2 years (Smith, 1991). 

Nonetheless, despite the popularity of dental development standards devised by 

Moorrees et al. (1963), the applicability of these standards have been re-evaluated 

by researchers (Harris and Buck 2002; Philips and van Wyk Kotze 2009). A 

limitation worth noting is that these standards have been developed utilizing a 

population of children of European descent. 

 

3.4.3 Haavikko (1970) 

Haavikko’s method is also a modified version of Gleiser and Hunt (1955). Like 

Demirjian, Haavikko uses OPGs as the type of radiography to estimate 

chronological age based on tooth formation (Hedge and Sood 2002). The methods 

devised by Haavikko resulted in a systematic underestimation or overestimation by 

6 to 7 months when applied to a Finnish population (Olze et al., 2004). Again, 

recent developments (Olze et al., 2004; Eid et al., 2002) indicate that the Demirjian 

et al. (1973) method is more accurate in most cases except with third molar 

mineralisation. After the Mincer et al. (1993) method, the Haavikko method has 

been shown to be the most precise method for assessing third molar formation. 

 

3.4.4 Gustafson and Koch (1973) 

Gustafson and Koch provide a four stage written description which is based on 

actual tooth length. This method displayed greater intra-observer and inter-

observer error than methods devised by Demirjian et al. (1973) (Olze et al., 2005).  

In addition, accuracy is only high for male subjects (Olze et al., 2005). The poorer 
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results obtained when using Gustafson and Koch’s method have been attributed to 

the lesser number of stages (Olze et al., 2005). 

 

3.4.5 Harris and Nortje (1984) 

Harris and Nortje defined a five stages written and diagrammatic classification 

system as well as a third molar mineralization chart. The five stages are based on 

estimates of tooth length. This classification system yielded poor results due to the 

reduced number of stages and the fact the method was based on tooth length 

(Olze et al., 2005). 

 

3.4.6 Kullman et al. (1991) 

Kullman et al. provided a seven stage classification system based on tooth length.  

After the Demirjian et al. (1973) method, the Kullman et al. method showed the 

highest correlation between chronological and estimated age, when compared to 

Gleiser and Hunt (1955) and Gustafson and Koch (1973) methods (Olze et al., 

2004). While accurate results can be obtained with the Kullman et al.'s method; the 

stages are based on fractions of the future length of the crown or root, and again, 

this is not as reliable and as easily determined as dental development (Olze et al., 

2005). 

 

3.4.7 Willems et al. (2001) 

Willems et al. found on a number of occasions that the Demirjian et al. (1973) 

system overestimated age, and adapted the method. The adapted method resulted 

in accurate dental age estimation in a Belgian population. In the Maber et al. 

(2006) study, Willems et al.’s method was the most accurate for 3.0 to 16.9 years 
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of age (Maber et al., 2006). In the future, further testing of this system should be 

carried out to determine its accuracy. 

 

3.4.8 Mesotten et al. (2002) 

The purpose of this study was to evaluate the accuracy of estimating chronological 

age based on developmental stages of the third molars. A total of 1175 OPGs were 

analyzed from patients of Caucasian origin, aged between 16 and 22 years (498 

males and 677 females). This study evaluated developmental stages in a total of 

4155 individual third molars. Each third molar was scored according to a 10-stage 

developmental scale (see Figure 3.1 and Table 3.1). Each stage corresponds to a 

particular developmental score, ranging from 1 to 10 respectively. For each case, 

all third molars present on the OPGs were given a particular score according to the 

developmental stage evaluated on the radiograph. In case of third molar with 

multiple roots, the least developed root was scored. 

 

 

 

 



Chapter Three - Review of Literature 

99 

 

 

 

 

 

 

 

 

Figure and Table 3.1: Dental developmental stages of third molars describing 

crown and root formation (Mesotten et al., 2002). 

 

Several multiple regression age estimation formulae were formulated for use in 

specific conditions (e.g. when four third molars were present). Based on the sex 

and the absolute number and the location of the third molars present, a specific 

regression formula is applied. For example, the formulae for a Caucasian male is 

‘age = 10.2000 + 0.5122UL + 0.5273LL’ (developmental stage of upper and lower 

left third molars).  The S.D. for males and females ranges from ±1.01 to 1.52 and 

±1.41 to 1.73 years, respectively when all four third molars are present. Maxillary 

third molar formation was slightly advanced over mandibular third molar formation, 

and completion of third molar formation occurred earlier in males than females. 

 

 

Stage Description 

Crown formation (score)  
1 Crown ½ calcified 
2 Crown ¾ calcified 
3 Crown completely calcified 

Root formation (score)  
4 Beginning of root formation 
5 Root ¼ calcified 
6 Root ½ calcified 
7 Root ¾ calcified 
8 Nearly completed root formation, 

root canals terminally divergent 

9 Completed root formation, root 
canals terminally parallel 

10 Completed root formation, root 
canals terminally convergent 
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Compared to previous research, this study analyzed a very large sample, so the 

results are more likely to be statistically robust. Third molar development, however, 

is probably not the ideal developmental marker due to frequent absence of these 

teeth by extraction or when congenitally missing (Kullman 1991). The data should 

be also grouped according to ethnicity and geographical origin, since the rate of 

ossification has been known to vary according to socio-economic development 

(Mesotten et al., 2002). 

 

3.4.9 Cameriere et al. (2006) 

Cameriere et al. reported a method for estimating chronological age based on the 

relationship between age and measurements of open apices. In this study, OPGs 

taken from 455 Italian children (213 boys, 242 girls) aged between 5 and 15 years 

were analyzed. These OPGs were first digitalized using a scanner and the images 

were processed using imaging software (Adobe Photoshop 7). The seven left 

permanent mandibular teeth were analyzed. The teeth with ends of the roots 

completely closed were measured. The teeth with incomplete root development 

and with open apices were considered. For single rooted teeth, the distance 

between the two ends of the open apices in the root was measured, and for those 

with two roots, the sum of the distances between the ends of the two open apices 

was calculated (Figure 3.2). Dental maturity was then evaluated by calculating the 

sum of the open apices and number of teeth with complete root development.  

Statistical analysis indicated that these morphological variables explain 83.6% of 

the variation in estimated chronological age. The median of residual errors 

between the actual and estimated ages was -0.035 years with interquartile range of 
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1.18 years. Compared to other age estimation methods for children, this method is 

accurate with a value of residual error less than 0.4 years. 

  

 

Figure 3.2: Measurement of tooth with two open roots.  A6 is the sum of the 

distances (A ¼ A61 A62) between the two ends of the open apices, and L6 is the 

length of the second molar (from Cameriere et al., 2006). 

 

3.4.10 Ardakani et al. (2007) 

This study was performed to determine the relationship between dental and 

chronological age in patients who were referred for third molar surgery in Iran. The 

sample for this study consisted of 58 subjects between 15 to 25 years of age; 36 

female and 22 male. The patient’s biological age was estimated by two methods: 

1. Assessment of panoramic radiographs of visible third molars by using 

Demirjian and Goldstein (1973 – see above); 
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2. Degree of root development specifically by apical region closure in 

extracted third molars. 

  

The results obtained by each method were compared with the actual chronological 

age in order to determine the most accurate method. The mean difference of the 

estimated error and chronological age by examination of root apex closure were 

claimed to be smallest in the mandibular wisdom teeth (±1.6 months). Based on 

radiographic analysis of wisdom teeth using Demirjian and Goldstein’s (1976) 

method, the mean difference of the estimated error from the chronological age was 

± 2.54 months (95% CI). Results indicated that estimating the age by physical 

examination of extracted lower wisdom teeth was more accurate than making the 

same assessment radiographically. One of the main limitations of this study was 

the small sample size. Also the samples were examined by only one of the 

examiner and thus there is no idea as to the degree for inter-observer error. 

Further studies are recommended with a larger sample size with inclusion of all 

four third molars from one individual, to quantify the degree of individual 

developmental variation of this tooth. 

 

3.4.11 Cameriere et al. (2008b) 

Cameriere et al. undertook a study to classify children as being at least 14 years of 

age based on measuring the open apices of teeth. In Itally such data are 

necessary to identify individuals immigrating illegally or those who commit crimes 

where it is necessary to verify whether they have reached the age of 14 years in 

order to be charged. OPGs of 447 persons between 12 and 16 years of age were 

evaluated.  The measurement of open apices of the seven left permanent 
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mandibular teeth was performed according to Cameriere et al. (2006 - see above). 

The results demonstrated that an individual is considered to be 14 years of age or 

older if all seven left permanent mandibular teeth have closed apices. The 

proportion of individuals with correct classification was 96%. This technique when 

applied forensically had a false negative of 19% and false positive of 5%. From a 

forensic point of view, the small percentage of false positives is important, because 

it is a more serious error to consider a subject younger than 14 years of age as 

“chargeable”, as the error which does not consider a subject older than 14 years as 

chargeable. 

 

3.4.12 Kasper et al. (2009) 

Kasper et al. evaluated the accuracy of age estimation based on the assessment 

of third molar development in a Texas Hispanic population. Panoramic radiographs 

of 950 Hispanic individuals of known age and sex were evaluated. Of these, 528 

were from North Texas and 422 were from South Texas. There were 535 females 

and 415 males within an age range of 12 to 22 years. The mean age was 17.88 

years for females and 17.55 years for males with methodological approach based 

on Demirjian and Goldstein (1973 – see above). 

 

For statistical computations each stage was assigned a numeric value; 1 to 8. 

Mean ages were calculated for each sex, jaw, and stage of development. Mean 

ages of males and females of Hispanics were analyzed separately. The earliest 

age for completion of any third molar root was 13.92 years in females and 14.58 

years in males in the Hispanic population. The data obtained in this study indicate 

that Hispanic females can be less than 19 years of age if the third molars are in 
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stage B or C in both jaws. Whereas is in the same stage, Hispanic males can be 

less than 18 years of age. This study did not provide results for the North and 

South Texas population separately. This method is particularly useful to estimate 

age in living individuals around the age of transition from juvenile to adult status. 

 

3.5 Summary 

Of the several methods described for sub-adult age estimation, the method 

proposed by Cameriere et al. (2006) was most accurate with a mean error of -

0.035 years and interquartile range of ±1.18 years. This method applied imaging 

software to calculate the scores, thus the measurements were predicted 

accurately. The method described by Ardakani et al. (2007) based on assessment 

of third molar was the least preferred method for age estimation. Although the 

results showed a minimal error of ± 2.54 months, this method is less preferred 

because their study used a small sample and analyses was done only by one 

examiner, thus the inter-observer error is unknown. The Moorrees et al. (1963a, b) 

and Demirjian et al. (1973) method is relatively simple to apply, as both are based 

on formation and mineralization of teeth. However, Moorrees et al. (1963a, b) had 

a limited usage because of possible radiation hazards in a child and distortion of 

radiographs. Demirjian et al. (1973) method is used widely for forensic purpose 

because of its simplicity (Nambiar et al., 1996). Although the most recent methods 

of age estimation give more accurate results, the Demirjian et al. (1973) method is 

preferred in actual forensic cases because it is cost effective and easy to apply. 
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CHAPTER FOUR 

Materials and Methods 

 

4.1 Methods 

When a tooth cannot be visualized to examine it clinically, it can be investigated by 

radiographic examination to determine the developmental stages from the initiation 

of calcification, to the full completion of the root apex closer of each tooth (Schour 

and Massler, 1941; Nolla, 1960; Moorrees et al., 1963a; Suri et al., 2004; Franklin, 

2010).  

 

This study is designed as series of cross-sectional analyses of OPGs of the 

complete dentition (including root development) to estimate the deviation of 

chronological age from assessed age between 2 – 23 years. Therefore, age 

estimation tested in this study used methods of the London atlas by AlQahtani et 

al. (2010); Demirjian et al. (1973) and Mincer et al. (1993). Ethical issues have 

approval from the Dental Centre of King Fahd Hospital, Ministry of Health, Jeddah, 

Saudi Arabia (H-02-J-002) and The University of Western Australia Human 

Research Ethics Committee (RA/4/1/4875) ( see the appendics C, below). 
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4.2 Materials 

4.2.1 Radiographic and Radiographs Criteria 

Radiographs were collected from the Dental Centre of King Fahd Hospital, Jeddah, 

Saudi Arabia and from the Paedodontics-Orthodontics clinic of healthy Saudi 

individuals aged 2 – 23 years. The cases were from various socioeconomic strata 

and different geographic localities of Saudi Arabia. The Dental Centre is a 

specialized centre managed by the Ministry of Health. They accept Saudi patients 

referred from primary dental clinics (general practice) for specialized treatment.  

OPGs are a requirement for clinical examination, diagnosis and treatment 

planning. The chronological ages of each person involved in this study were 

obtained from their date of birth. 

 

Consistent with previous studies OPGs were used because they are easier to take 

(especially in young children) and the mandibular region suffers little distortion 

(Demirjian et al., 1973). In cases with unilateral hypodontia or first molar extraction 

the same teeth were evaluated from the opposite side. All radiographs were 

reviewed for quaility and the presence of all teeth (upper and lower arch) and were 

rated by a single trained examiner.  

 

Each OPG was de-identified and analysed individually (for all three methods) and 

classified in to age groups using methods of AlQahtani et al. (2010); Demirjian et 

al. (1973) and Mincer et al. (1993). To determine apex closure stages; no 

magnifying glass was necessary and ratings were made with the naked eye. All 

radiographs were reviewed for quality and the presence of all eight teeth in both 
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the lower and upper arch. However, some degree of medical abnormality (e.g. 

pathological or congenital) were not be included in the research. 

 

Inclusion criteria: 

• Good quality panoramic radiographs: 

i. Clear radiographs 

ii. All teeth are in focus 

iii. The presence of all teeth as expected for the age. 

 

Exclusion criteria: 

1- Unclear radiograph. 

2- Presence of a retained deciduous tooth in either side of the 

dentition. 

3- Presence of an impacted permanent tooth in either side of the 

dentition. 

4- When the root of a deciduous tooth is resorbed because of a 

permanent tooth other than the predecessor. 

5- Presence of a developmental anomaly such as amelogenisis 

imperfecta, dentinogenesis imperfecta, etc... 

6- Developmental absence of a tooth. 

7- Extracted tooth/teeth. 
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4.2.2 The Samples 

The sample was a group of 4-23 year olds, with subgroups selected for analysis 

(according to relevant age) for each of the three methods used to estimate age. 

There was overlap of participants between the subsamples: for the London Atlas 

method 241 individuals between ages 4 and 20 years were selected (104 males 

and 137 females); for the Demirjian’s method 198 individuals between ages 4 and 

16 years were selected (87 males, 111 females), and for the Mincer’s method 130 

individuals between ages 14 and 23 years were selected (48 males, 82 females 

Figure 4.1). However, there was only one participant aged 2-3 years old.  

 

 

Figure 4.1: Age range from 4–23 years old (age categories). 

 

4.2.3 The Age 

The actual or chronological age at the time the OPG was obtained from the date of 

birth recorded in the database. Ages to the month were expressed decimally for 

simplicity of statistical calculation. The AlQahtani et al. (2010) and Demirjian et al. 

(1973) methods were applied to individuals ranging from 4 to 16 years of age and 

all the three methods were applied to individuals between 14 to 16 years; whereas 

the AlQahtani's and Mincer et al. (1993) third molar mineralisation method were 

applied to individuals 14 to 20 years of age. The oldest individuals in this study 
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were 23 years of age (Figure 4.1). Data from this sample were used to analyze the 

error between the chronological age (real age) of each individual with the age 

estimations of London Atlas, Demirjian's and Mincer's methods respectively. 

 

“Correct” was defined as the dental age being within the age range of the 

chronological age category. In other words, chronological ages were sorted 

according to age groups which assisted with classification. Each age group was 

assigned the same range for examples; age group 4 corresponded to an age range 

of 3.5 – 4.5 years. Therefore, if a child had a dental age of 3.5 and chronological 

age was between 3 and 3.99 years, the individual was assigned to the correct age 

category.  If dental age of a similarly aged child was 4.5, then age was over 

estimated by one age category. 

 

I- Disparities of Dental Age Estimation 

Previous studies in this field employed selected methods specific for the 

purposed of the study, with inherent limitations; some with one or two years 

difference from the actual chronological age acceptable (Liliequist et al., 1971; 

Hagg et al., 1985; Mincer, et al., 1993; Saunders et al., 1993; Kullman, 1995; 

Foti et al., 2003). However, in forensic odontology, an age estimate of ±1.0 year 

above or below chronological age is acceptable and depending on which 

method is used (Chaillet et al., 2004a; Irish and Nelson, 2008). Moreover, 

accuracy is more precise in younger children, where maturity and the rate of 

growth is most rapid (Irish and Nelson, 2008). Also, accuracy does not consider 

whether the estimated age is over-or-under-estimation and reports only the time 

distance from true age. For example: different Demirjian methods have been 
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tested in several populations and in many situations authors have obtained 

overall mean age deviations ranging from 0.04 to 3.80 years (Eid et al., 2002). 

Additionally, accuracy will improve statistically when multiple teeth are utilized 

in the analysis; teeth are selected that will provide the most accurate results 

and the methods utilized contain the best age discriminate variables (Senn and 

Weems, 2013). 

 

II- Opinion " Accuracy and Precision of Age Estimation" 

The accuracy of dental age estimation is defined by how closely the difference 

between real age and estimated age is to zero, and precision is how closely 

that can be predicted (Cardoso, 2007c, 2009; Butti, et al., 2009; Cameriere et 

al., 2008a).  Statistically, a t-test on the difference between estimated age and 

chronological age is calculated or using paired t-test on estimated age and 

chronological age (Cruz-Landeira, Linares-Argote et al., 2010). In addition, 

accuracy of age estimation could be by comparing: 

1. Crown and root stages 

2. Different teeth 

3. Different age group and methods 

Moreover, it will measure the accuracy in so many different ways. For that, the 

method should be based upon data from an appropriate literature source that 

has undergone: 

a) Review 

b) Independent Testing 

c) Error Estimation 
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In addition, forensic dental age estimation must be derived from scientific 

methods. The error rate of age estimation must be known, and is calculated by 

providing an age interval of the individual at the scientifically accepted threshold 

of 95% for estimating statistical significance. Therefore, the report of the 

assessed age of the examined individual along with an associated age interval 

of ±2 standard deviations representing an approximate 95% confidence level 

that the age of the individual will be within the stated age range (Nawrocki, 

2010; Senn and Weems. 2013). Estimated Age with a range of (+/-) 2 Standard 

Deviations that is a measure of variability or risk. Therefore statistically ±2 

standard deviations have a 95% confidence level. For simplicity, the specific 

accuracy at difference age bands is discussed in each of the research chapters. 

 

4.3 Measurement Error Calculations 

Calculating accuracy 

All data analysis, was performed using Excel 2003 software (Microsoft Corporation, 

Redmond, WA, USA), and SPSS (version 19.0; SPSS Inc., Chicago, IL, USA). 

Paired t-tests were performed, with statistical significance set to the 95% level (p ≤ 

0.05). Accuracy of dental age estimation was defined as how closely the 

chronological age could be predicted, measured as the difference between 

chronological age and estimated dental age. The chronological age was subtracted 

from the estimated dental age and a positive result indicated an overestimation, 

and a negative figure an underestimation; this is known as bias (Cameriere et al., 

2008a). An accurate method has no bias, i.e. the mean difference between dental 

age and known age will be zero or close to zero. The standard deviation (SD) of 

the mean difference between dental age and real age, also known as the standard 
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error of the estimate, refers to the precision or reliability of the estimated age. An 

age estimating method with high precision/reliability has a small SD, but could 

have substantial bias. A valid age estimating method is both accurate and precise, 

i.e. no bias and small SD (Ritz-Timme et al., 2000; Liversidge et al., 2010). 

 

The significance of the difference between chronological and dental age was 

assessed using the Student t-test. This was done for each method of age 

estimation (Cardoso, 2007a, 2009; Cameriere et al., 2008a). Statistical significance 

was set at p ≤ 0.05. Statistical significance using Wilcoxon Matched Pairs Test for 

examiner reliability was calculated and found to be 0.740. This value is not 

significant and operator calibration considered reliable.  

 

4.4 Age Assessment Criteria 

Each of the groups was classified according to the London Atlas of dental 

development and eruption created by AlQahtani’s group (2010). Following the 

classification of each individual OPG using that system, an eight stage dental 

development chart was then used to classify individual OPGs based on the 

Demirjian's system. The Mincer's method was used to predict age on the basis of 

third molar mineralization stages in a subset of individuals aged 14 – 23 years of 

age. 
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4.4.1 AlQahtani et al. (2010) – London Atlas Chart 

The London Atlas chart consists of two pages; the first is the atlas of dental 

development for the ages between 30 weeks in utero up to 23 years (Appendix A- 

Figure A.8). The second page presents tables explaining tooth formation and 

eruption stages that were used to construct the atlas (Bengston, 1935; Moorrees et 

al., 1963a, b) with an added description (Appendix A - Figure A.9). AlQahtani et al. 

(2010); classification chart was assessed according to Moorrees et al. (1963a, b) 

stages and Bengstons stages (1935) for age estimation and predicted errors. If the 

maxillary and mandibular dentition were at different developmental stages 

according to this chart, the average age of the two was calculated and used. 

However, premature eruption has been noted (Cunha et al., 2009; Suri et al., 

2004). But delayed tooth eruption is the most commonly encountered deviation 

from normal eruption time (Suri et al., 2004). The methods of the Atlas of Tooth 

Development (Appendix A - Figure A.8 & A.9) was used to compare the relative 

length (crown/root) of all eight right teeth upper/lower arch. 

 

4.4.2 Demirjian et al. (1973) - original 7-tooth technique 

Demirjian et al.’s (1973) original 7-tooth technique (M2, M1, PM2, PM1, C, I2, I1), 

uses stages A to H which are assigned to each of the seven left mandibular teeth, 

based on independent observation. Further, the assessment of these stages relied 

on relative, not absolute measurements. Appendix A - Figures (A.10 & A.11) shows 

Demirjian’s eight stages of dental development, based on written and pictorial 

criteria, as outlined in Demirjian et al. (1973). The written descriptions of these 

stages were modified in a later paper by Demirjian in order to provide further 
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clarification of the defining features of each stage; these stages and the updated 

descriptions are detailed below. 

 

4.4.2.1 Demirjian’s Guidelines and criteria (Appendix A - Table A.11) 

In assigning ratings to the teeth as observed in the OPGs, Demirjian provided a set 

of rules as further guidance. These guidelines and criteria are: 

1. The mandibular permanent teeth are rated in the following order: 2nd molar, 

1st molar, 2nd bicuspid, 1st bicuspid, canine, lateral incisor, central incisor. 

2. All teeth are rated on a scale of A to H. The rating is assigned by following 

carefully the written criteria for each stage, and by comparing the tooth with 

the diagrams and radiograph images given. The illustrations should only be 

used as an aid, not as the sole source of comparison. For each stage there 

are one, two or three written criteria marked a), b), c); if only one criterion is 

given this must be met for the stage to be taken as reached; if two criteria 

are given, then it is sufficient if the first one of them is met for the stage to be 

recorded as reached; if three criteria are given, the first two of them must be 

met for the stage to be considered reached. At each stage, in addition to the 

criteria for that stage, the criteria for the previous stage must be satisfied. In 

borderline cases the earlier stage is always assigned. 

3. No magnifying glass is necessary; ratings should be made with the naked 

eye. 

4. The crown height is defined as being the maximum distance between the 

highest tip of the cusps and the cemento-enamel junction. When the buccal 

and lingual cusps are not at the same level, the midpoint between them is 

considered the highest point. 
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4.4.2.2 Interpretation of Demirjian’s Criteria 

All teeth are equally weighted and therefore have equal importance (Demirjian et 

al., 1973). Each stage (A to H) corresponds to a numerical value, which is summed 

to obtain a total maturity score out of a 100. Once a total maturity score is 

determined (out of 100), it is converted to an estimated age specific to the sex of 

the individual (Appendix A - Table A.17 for Male and Appendix A - Table A.18 for 

Females). For example, Demirjian’s dental development chart (Appendix A.10) 

may be used to establish the correct stages based on a set of seven mandibular 

teeth; the following stages would be calculated for an arbitrary male using the 

original 7-tooth technique:  

 

Tooth M2 M1 PM2 PM1 C I2 I1 

Stage F H F G F H H 

 

After the establishment of each stage for all seven teeth, a table containing 

maturity scores (see Appendix A - Table A.15) is used to determine a numerical 

score, for each individual stage. For instance, the scores for each of the stages 

above would be as follows: M2 = F Stage [13.2], M1 = H Stage [19.3], PM2 = F 

Stage [12.8], PM1 = G Stage [12.7], C = F Stage [10.0], I2 = H Stage [13.7], I1 = H 

Stage [11.8]. Subsequent to this, the scores are summed to obtain a total maturity 

score out of 100; in the above example, the male would have a total maturity score 

is 93.5 (i.e. 13.2 + 19.3 + 12.8 + 12.7 + 10.0 + 13.7 + 11.8). An estimated age is 

then determined by taking the total maturity score and finding its location on 

Demirjian’s conversion table of maturity scores to dental ages. In this example, a 

maturity score of 93.5 yields an estimated age of 11.7 years (shaded and shown 
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below). Throughout this thesis, when the term maturity score is referred to, it 

indicates the total maturity score, unless otherwise stated. 

 

Age 11.4 11.5 11.6 11.7 11.8 11.9 12 12.1 12.2 12.3 12.4 12.5 12.6 12.7 

Score 92.4 93.1 93.3 93.5 93.7 93.9 94 94.2 94.4 94.5 94.6 94.8 95 95.1 

(Extracted from Appendix A – Table A.17) 

 

The sample was split into males and females because of the widely reported 

prevalence of sexual dimorphism in dental development. 

 

4.4.2.3 Adjustments to Data 

Demirjian’s method assigns a zero for a non-appearance (or absent) tooth, thus 

presenting a problem with the total estimated dental age. Adjustments in this 

present study had to be made to Demirjian’s method in cases where an individual 

did not have a complete set of permanent teeth. The first approach taken was to 

substitute the teeth present on the right side of the mandible when those on the left 

were missing. In many cases. A second approach was to estimate a stage for the 

missing tooth based on Demirjian’s criteria. For instance, if the first molar was 

missing or absent due to extraction or loss, then the observer would look at all 

other stages of teeth on the left side for comparison of a predicted stage for that 

individual. Clearly this has limitations and risk of bias which has been discussed in 

section 3.3.2 page 77. 
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4.4.3 Mincer et al. (1993) – Third Molar Mineralisation 

Third molar mineralisation was assessed using the Mincer's method. Each 

individual was examined to determine if third molar mineralisation had occurred. If 

there was evidence of mineralisation, classification took place according to the 

directives shown in (Appendix A - Figure A.12 and Table A.20). In the original 

Mincer et al. (1993) study, stages A and B did not occur in the sample investigated 

and stage C occurred in less than 1% of the sample. Therefore, Mincer et al. has 

omitted stages A, B, and C from their original study. Accordingly, only ages 14 to 

23 years were included to evaluate the stage of third molars development 

(including root development), and estimate the deviation of chronological age from 

assessed age. Developmental stages of the teeth, and the score tables from 

Mincer et al. (1993) were used to calculate the scores for each tooth (Appendix A – 

Conversion Table A.20). 

 

In this study, a total of 130 individuals (males n=48 and females n=82) and were 

rated and grouped into stages, D, E, F, G, or H. Following the third molar being 

assigned a stage, the conversion table of maturity scores was used to determine 

the age. That was used to reach a mean age of attainment for third molar formation 

(Appendix A – Conversion Table A.20). 
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CHAPTER FIVE 

Results  

Dental Age Assessment and evaluation of (2 – 20) Year-old of Western Saudi 

Children Using the New London Atlas of Tooth Development and Eruption.  

 

5.1 Abstract 

Aim: The aim of this study was to evaluate the use of the London Atlas of Human 

Tooth Development and Eruption for age estimation in Saudi Arabian children and 

adolescents (aged 2–20 years), for forensic odontological applications.  

 

Materials and Methods: This cross-sectional study analysed OPGs of the 

complete dentition (including root development) to estimate the deviation from 

chronological age. Each OPG was de-identified and analyzed individually and 

classified into age-groups by the author, using the methods of the Atlas of Tooth 

Development. 

 

Results: OPGs from a total of 252 patients [110 (44%) males, 142 (56%) females] 

aged 2–20 years (24–240 months) were examined in this study. The average 

estimated and chronological ages of subjects differed significantly p ≤ 0.05 (143 

±55.4 vs.145 ±57.9 months). Most (65.5%) estimates were within 12 months of 

subjects’ chronological ages; 19% overestimated and 15.5% underestimated age 

by >12 months.   

 

Conclusion: In this study a method of age estimation was used in a sample of 

Saudi children and adolescents, and results indicated that accuracy of age 

estimation varied according to gender and age-group. This study, with just a single 

sub-population of different origin to the original development population, clearly 

identifies variations that may have significant impacts on decisions made. A 

composite international repository of atlas-based data for different ethnic sub-

populations would be of great value to clinicians across the globe. 
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5.2 Introduction 

Forensic odontology is the intersection of dental science and law, and is 

predominately used to assist in the provision of justice in criminal investigations 

(Seen and Stimson, 2010). The science of forensic dentistry focuses on the 

analysis of the dentition of living and deceased individuals, with the majority of 

case work in dental identification and age estimation (Solheim and Kvaal, 2000). 

The estimation of age-at-death is very often a starting point for narrowing the 

search for possible matching data, retrieved from local, regional, and national 

missing persons’ lists, and it can be useful in limited population fatality incidents 

and in clustered victim cases. Moreover, it is an important measure in the 

management of immigration, to help determine the chronological age in the 

absence of proper documents (Herschaft et al., 2006). 

 

A considerable literature pertinent to the variation (genetic, sex, ethnicity) and 

environmental influences that affect tooth development and eruption exists (Suri et 

al., 2004; Almonaitiene et al., 2010). Any disturbance of normal growth patterns 

such as nutritional deficiency or chronic illness is going to introduce a potential 

source of error in age estimation (Cardoso, 2007b; Franklin, 2010). This is an 

important factor, as differences between local sub-populations must be considered, 

and the best estimations can only be made from local population-specific 

standards (Nyström et al., 1986; Schmeling et al., 2004). It is widely acknowledged 

that the optimal time for age-estimation from the dentition is as teeth develop. 

Teeth are under stronger genetic influence, and are less influenced by 

environmental factors than other age estimation techniques (Cardoso, 2007b).  
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It is well-documented that age estimation is usually most accurate in individuals still 

growing and it is not surprising that there are many dental chart(s) standards 

available in the literature. Dental age can be obtained from assessing growth in the 

form of: crown and/or root length (Stack, 1967), crown and root ratio (Demirjian et 

al., 1973), and by assessing the incremental lines of dental root cementum 

(Aggarwal et al., 2008). Dental age also can be obtained using the sequential tooth 

appearance in the oral cavity in the form of tooth eruption ((Nystrom et al., 2001). 

The strengths of using dental developmental stages to estimate dental age are that 

they provide a point estimate based on calculations/mineralization, where different 

estimates for teeth are averaged or given different weights. However, limitations of 

methods based on dental developmental stages only, are that most of them are 

based on permanent teeth only.  

 

The estimation of age from teeth can also be performed using radiographic 

evaluation of crown calcification, root and apex development and tooth emergence 

patterns (Schour and Massler, 1941; Ubelaker, 1978, 1987). Schemas of dental 

development are simpler to use due to the fact that they are based on direct 

comparison between an illustration of dental development of a certain age cohort, 

and a radiograph or isolated teeth. All the past schemas cover a limited age range, 

except for that of Schour, Massler (1941) and Ubelaker’s (1978), which cover 

dental development from prenatal to early adulthood, and which made them the 

most widely used. On the other hand, the common drawbacks of the previous 

schemas are the lack of uniform age distribution and/or the limited age range that 

fails to cover the entire developing dentition. A uniform age distribution with similar 

numbers of children for each year of age reduces variance across the age range. A 
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normal age distribution has high precision around the mean value but with low 

precision at the age extremes (Schour and Massler, 1941; Ubelaker, 1978).  

 

In 2010, the London Atlas of Human Tooth Development and Eruption method was 

introduced by AlQahtani, Hector and Liversidge (AlQahtani et al., 2010); that is 

now freely available in numerous languages (www.atlas.dentistry.qmul.ac.uk) and 

also as software. The accuracy of the AlQahtani's method (London Atlas and the 

Original Atlas) were assessed and reviewed recently by AlQahtani et al. (2014). 

The new London Atlas covers as much of the developing dentition and eruption as 

possible, and all ages are represented. Each illustration in the new atlas from ages 

1 to 23 shows tooth development and eruption at the midpoint of the chronological 

year. Eruption in this atlas refers to emergence from alveolar bone, which contrasts 

to Ubelaker’s atlas (1978) where "eruption" refers to emergence through the 

gingiva, not to emergence from the bone or to reaching the occlusal plane.  

Allowance should be made for gingival eruption when using this atlas in the 

presence of oral soft tissues. In situations where tooth emergence is used, a 

simple oral examination is all that is needed. The London Atlas is a well-developed, 

comprehensive, evidence-based atlas to estimate age, using both tooth 

development and alveolar eruption. Its ease of use and accuracy in age estimation 

makes the London Atlas more preferable than Schour and Massler (1941) and 

Ubelaker (1987). What is more, in mass disaster situations, the use of a method 

involving comparison of a radiographs showing dental development and eruption 

with an atlas illustration or computer software to estimate chronological age is ideal 

(AlQahtani et al., 2010, 2014). 
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No systematic standard for estimation of the chronological ages of sub-adults 

(children and adolescents) in the Saudi Arabian population is available. Many 

studies have tested the accuracy of different age estimation techniques based on 

dental development, with varying results (Bhat and Kamath, 2007; Cardoso, 

2007a, 2009; Cruz-Landeira et al., 2010; Griffin et al., 2009; Halcrow, et al., 2007; 

Liversidge, 1994; Maber et al., 2006; Shi et al., 2009; Tao et al., 2007). However, 

very few studies have tested the accuracy of diagram-based techniques (Smith, 

2005; Smith et al., 2006). The aim of this study was to assess the age estimation 

congruence in Saudi children and young people 2 to 20 years old, using the 

AlQahtani's (2010) method, and to assess its applicability to this sub-population. In 

addition the study tests whether dividing the sample by sex will increase the overall 

accuracy of the standards. 

 

5.3 Methods and Materials 

5.3.1 Materials 

This study was designed as a cross-sectional survey analyzing 252 OPGs of the 

complete dentition (including root development) to estimate the deviation of 

chronological age from assessed age between 2–20 years, using a new atlas of 

age estimation. The results of this would indicate if the new atlas of age estimation 

(as developed based on a sample of children and young people from the United 

Kingdom) could be utilised on a sample of children and young people from Saudi 

Arabia, with similar levels of accuracy. The radiographs were collected from the 

Dental Center of the King Fahd Hospital, Jeddah, in Saudi Arabia, and from the 

Paedodontics-Orthodontics clinic of healthy Saudi individuals aged 2 to 20 year 

olds. The sample included the following age groups: 2-3 years (n=1), 4-6 years 
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(n=26); 7-9 years (n=52); 10-12 years (n=54); 13-15 years (n=49) ≥ 16 years 

(n=70). Subjects were from various socioeconomic strata and diverse geographic 

localities within Saudi Arabia. The Dental Center is a specialized Centre managed 

by the Ministry of Health. They accept Saudi patients referred from primary dental 

clinics (general practice) for specialized treatment. OPGs are a requirement for the 

clinical examination, diagnosis and treatment plan of each patient. Consistent with 

previous studies OPGs were used, because it is easier to take (especially in young 

children) and the mandibular region suffers little distortion (Demirjian et al., 1973).  

In the case of unilateral hypodontia or first molar extraction, we evaluated the 

contralateral tooth. The assessment of age estimation was performed using all 

(present) teeth on the right side of the dental arcade, including primary /permanent 

teeth, or mixed teeth, except when the right tooth was missing in which case this 

was substituted by the same tooth on the left side, as there is a high degree of 

lateral symmetry (Demirjian et al., 1973). A single trained and calibrated examiner 

blinded to subjects’ calculated the ages estimated using the radiographs.  

 

5.3.2 Methods 

All the OPGs were de-identified individually, classifying them into age groups using 

the London Atlas of Human Tooth Development and Eruption (AlQahtani et al., 

2010). This atlas method has resolved problems associated with developmental 

variation among individual teeth, and estimates produced using it have been 

shown to differ significantly from those produced using the original atlas of Schour 

and Massler (1941) and Ubelaker (1978). Advantages of the London Atlas method 

include its non-destructive nature and ease of use because dental maturity can be 

compared to a total of 31 reference illustrations of dental development at median 
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ages ranging from 30 weeks in utero to 23.5 years. In addition, it does not require 

the use of specialized equipment other than x-ray equipment. London Atlas 

illustrations were used to compare crown/root lengths. Assessment of OPGs were 

conducted with the naked eye, consistent with the specifications for atlas use. All 

data analysis, was performed using Excel 2003 software (Microsoft Corporation, 

Redmond, WA, USA), and SPSS (version 15.0; SPSS Inc., Chicago, IL, USA). 

Paired t-tests were performed, with statistical significance set to the 95% level (p ≤ 

0.05).  

 

5.4 Results 

OPGs from a total of 252 patients [110 (44%) males, 142 (56%) females] aged 2–

20 years (24–240 months) were examined in this study. The average estimated 

and chronological ages of subjects differed significantly p ≤ 0.05 (143 ±55.4 vs.145 

±57.9 months; Table 1). 

 

Table 5.1: Difference between mean estimated ages and mean real ages (using 

AlQahtani et al., 2010). 

 Mean (sd) 

 

N 

Estimated age 143.4  (55.4)* 252 

Real age 145.6  (57.9) 

 

252 

                                 *t-test, P ≤ 0.05 

 

Deviations of predicted age from real age showed most (65.5%) estimates were 

within 12 months of subjects’ chronological ages; 19% overestimated and 15.5% 

underestimated age by >12 months (Table 2). 



                                                                                                                                                                   
Chapter Five - Result – London Atlas 

 
 

125 

 

Table 5.2: Deviations of predicted age from real age (using AlQahtani et al., 2010). 

Deviation from real age N (% of sample) 

-12 to +12 months 165 (65.5%) 

> 13 months 39 (15.5%) 

< -13 months 48 (19%) 

 

5.3.1 Accuracy in this group varied by age 

Age estimations were most accurate (80% within ±12 months range) amongst 10-

12 year olds, and least accurate in those older ≥ 16 years, where only 50% were 

within a 12 months range of the real age. 

 

The rate of overestimation was highest (20-29%) among 7-9 year olds and lowest 

(4-7%) amongst the 10-12 year olds. The rate underestimation was highest (25-

42%) amongst 13-15 year olds and lowest (0-7%) amongst 7-9 year olds. Patterns 

of the accuracy of age estimation also differed between sexes: a larger proportion 

of estimates was accurate in males (80%) than in females (63%) amongst 7-9 year 

olds, whereas this proportion was larger in females (62.5%) than in males (58.8%) 

amongst 13-15 year olds, For subjects aged ≥ 16 years, 57.1% of estimates for 

males and 47.6% of estimates for females were accurate. The rate of 

overestimation was higher for females (16.2% ≥ 13 months) than for males (Table 

5.3). 
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Table 5.3: Frequency of estimated from real age deviation range by gender and 

age group. 

 

Age 

group 

Gender Age deviation range (in months)  

(in years)  -12 to +12 months 

N (% *) 

> 13 months 

N (%*) 

< -13 months 

N(%*) 

Total 

2-3 M 1 (100) 0 0 1 

 F 0 0 0 0 

4-6 M 9 (64.3) 3 (21.4) 2 (14.3) 14 

 F 8 (66.7) 2 (16.7) 2 (16.7) 12 

7-9 M 20 (80.0) 5 (20.0) 0 (0) 25 

 F 17 (63.0) 8 (29.6) 2 (7.4) 27 

10-12 M 20 (80.0) 1 (4.0) 4 (16.0) 25 

 F 24 (82.8) 2 (6.9) 3 (10.3) 29 

13-15 M 10 (58.8) 0 (0) 7 (41.2) 17 

 F 20 (62.5) 4 (12.5) 8 (25.0) 32 

16+ M 16 (57.1) 7 (25.0) 5 (17.9) 28 

 F 20 (47.6) 7 (16.7) 15 (35.7) 42 

 

Total M 76 (69.1) 16 (14.5) 18 (16.4) 110 

 F 89 (62.7) 23 (16.2) 30 (21.1) 142 

 All 165 (65.5) 39 (15.5) 48 (19.0) 252 

 

*Percentage of gender in each age group 

 

Most estimates for the age groups of 4–6, 7–9, and 10–12 years were within 6 

months of chronological age. In the 13–15-year group, 22.4% of estimates were 1–

6 months younger than chronological age.  Among those aged ≥ 16 years, 24.3% 

of estimates were 19 months younger than chronological age. The lowest 

frequencies of deviations in age estimates by age group were: 4–6 years, ≥ 19 

months overestimation (7.7%); 7–9 years, 13-18 and ≥ 19months underestimation 

(1.9%); 10–12 years, ≥ 19months underestimation (3.7%); 13–15 years, 7–12 

months and ≥ 19 months overestimation (both 2.0%); and ≥ 16 years, 7–12 months 

overestimation and 13– 18 months underestimation (both 4.3%; Table 5.4). 
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Table 5.4: Estimated age deviations (from real age) frequency by age group. 

 

Age deviation 

(in months) 

 

Age group (in years) 

N (%)* 

 4-6 7-9 10-12 13-15 16+ Total 

0-6 8 (30.8) 20 (38.5) 15 (27.8) 7 (14.3) 10 (14.3) 60 (24.2) 

-1 to -6 5 (19.2) 9 (17.3) 9 (16.7) 11 (22.4) 9 (12.9) 43 (17.1) 

7 to12 4 (15.4) 5 (9.6) 10 (18.5) 1 (2.0) 3 (4.3) 23 (9.1) 

-7 to-12 0 3 (5.8) 10 (18.5) 11 (22.4) 14 (20.0) 38 (15.1) 

13 to18 3 (11.5) 9 (17.3) 3 (5.6) 3 (6.1) 5 (7.1) 23 (9.1) 

-13 to-18 4 (15.4) 1 (1.9) 5 (9.3) 6 (12.2) 3 (4.3) 19 (7.5) 

>19 2 (7.7) 4 (7.7) 0 1 (2.0) 9 (12.9) 16 (6.3) 

<-19 0 

 

1 (1.9) 2 (3.7) 9 (18.4) 17 (24.3) 29 (11.5) 

Total 26 (100) 

 

52 (100) 54 (100) 49 (100) 70 (100) 251 (100) 

*Percentage in each age group 

 

Overall, differences between estimated and chronological ages were not significant 

in the 4–6-, 10–12-, and ≥16-year age groups. However, significant differences 

were observed in the 7–9-years (estimated 98.1 ± 12.5 vs. chronological 93.5 ± 

10.7 months; p ≤ 0.001) and 13–15 year (estimated 158.5 ± 17.1 vs. chronological 

165.5 ± 9.8 months; p ≤ 0.000) age groups (Table 5.5). 
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Table 5.5: A comparison of real age and estimated age (according to using 

AlQahtani et al., 2010) across genders. 

 

Age group 

(in years) 

 

 

N 

Mean estimated 

age in months(sd) 

Mean real age in 

months (sd) 

Mean difference in 

months (sd) 

p-value 

      

4-6 26 60.9 (14.4) 58.2 (10.5) 2.7 (10.8) 0.213 

7-9 52 98.1 (12.5) 93.5 (10.7) 4.5 (9.5) 0.001* 

10-12 54 123.5 (15.3) 125.3 (10.1) -1.8 (9.5) 0.171 

13-15 49 158.5 (17.1) 165.5 (9.8) -6.9 (12.3) 0.000* 

16+ 70 213.6 (29.5) 218.3 (25.9) -4.7 (21.4) 0.068 

      

*t-test, p ≤ 0.05 

 

5.5 Discussion 

To test the accuracy of the new Atlas (The London Atlas), in order to make it a 

universal, practical, valid and comprehensive method, it needs to be used in a 

variety of populations. To date, it has been used for age-estimation only in Western 

populations (Portugal, Netherlands, United States, Canada, France and United 

Kingdom - AlQahtani et al., 2010, 2014).  

 

Comparing results from older dental development charts (Schour and Massler, 

1941; Ubelaker, 1978) with those from the London Atlas (AlQahtani et al., 2014) 

has indicated that the London Atlas produces more accurate and precise age 

estimates. 
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Although all three methods result in some underestimation of age, the performance 

of the London Atlas was superior to that of the Schour and Massler (1941) and 

Ubelaker (1978) methods in all measures. The mean differences (mean difference 

refers to the average difference between dental age and chronological age) for the 

Schour and Massler (1941) and Ubelaker (1978) methods were 0.76 (n= 1,227, SD 

1.27) and 0.80 years (n= 1,227, SD 1.27), respectively, whereas that for the 

London Atlas was 0.10 years (n= 1,429, SD 0.97 - AlQahtani et al., 2014). 

 

The accuracy of estimates at the midpoints of age intervals, obtained using the 

London Atlas, was superior than that of point estimates derived from the most 

widely used methods (AlQahtani et al., 2014; Liversidge et al., 2006). The results 

of the present study indicate that the London Atlas (developed with a UK sample) 

could be utilized in a sample of children and young adults from Saudi Arabia with 

similar levels of accuracy. 

 

Nevertheless, the primary aim of this study was to apply the age estimation 

techniques of the London Atlas method in Saudi Arabian children and young adult, 

to assess its applicability of this method in this sub-population. It was hypothesized 

that the AlQahtani et al. (2010), method would not fit this sub-population as they 

are of a very different genetic pool to those of the original study.   

This current study in Western Saudia Arabia, comparing chronological age to 

assessed age between 2–20 years (n=252); found the estimated average age was 

143 +55.4 months, with the real average age 145 +57.9 months. Deviations of 

predicted age from real age showed that (65%) of estimations were within ±12 

month range around the real age; (19%) were more than ±12 months 
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overestimated; and (15%) were more than ±12 months underestimated. This study, 

with just a single sub-population of different origin to the original development 

population, clearly identifies variations that may have significant impacts on 

decisions made. These findings reveal that for 4-6 year olds there was only a small 

difference between the age estimate and the real age. This was consistent 

between males and females. However, after 7 years of age there was a significant 

(p ≤ 0.05) difference between estimated and real age with the "gap", being greatest 

at 13-15 years of age where a 7 months underestimation was found.  

 

All atlas-based methods have limitations, such as the inability of illustration series 

to represent all cases, and failure to update to account for variability in the timing of 

tooth formation and eruption stages. In addition, the disadvantage of using tooth 

eruption or emergence is related to the assessment of this single event for each 

tooth. Eruption is also affected by early extraction, tooth crowding, tooth impaction, 

and missing teeth. Moreover, tooth eruption (excluding third molars) is applicable 

only to certain age groups (6–24 months and 6–13 years), and methods based on 

gingival emergence are not applicable to skeletal remains. Other limitations include 

the overlap in maturity stages, lack of differentiation by sex (resulting in a high 

degree of variability, particularly from mid-childhood through adolescence), and the 

tendency for higher degrees of inter-observer disagreement and higher error rates 

than other tooth formation and development assessment techniques (AlQahtani et 

al., 2014; Irish and Nelson, 2008; Liversidge et al., 2006; Seen and Weems, 2013).  

When estimating age using atlas methods, researchers are forced to choose the 

illustration that most closely matches the dentition of the individual being assessed. 

The application of a universal atlas-based age estimation method in forensic dental 
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science is clearly not appropriate. The results of research like the present study 

can provide a basis for atlas adjustment to allow application in diverse sub-

populations. The establishment of a composite international repository of atlas-

based data for diverse ethnic sub-populations would be of great value to clinicians 

across the globe. Future research in Saudi Arabia should also involve increased 

sample sizes, geographic diversity, and age ranges to establish new maturity 

scores and logistic regression curves for this population group.  

 

Studies of dental mineralization patterns have shown that whereas the early stages 

of tooth development are almost the same in both sexes, sexual dimorphism in 

developmental rates occurs around the crown completion stage and continues to 

increase during the root development stage. Girls reach the majority of 

developmental stages before boys. These findings suggest that tooth formation 

follows the pattern of general growth and may be affected by hormonal changes 

(Blenkin and Taylor, 2012).  

 

5.6 Conclusion 

It is clearly evident that the application of a universal approach to atlas-based age 

estimation in forensic dental science is not always appropriate. This study, with just 

a single sub-population of different origin to the original development population, 

clearly identifies variations that may have significant impacts on decisions made.  

Importantly, studies of this type provide a basis for the application of atlases 

adjusted for sub-populations. A composite international repository of atlas-based 

data for different ethnic sub-populations would be of great value to clinicians 

across the globe. Even more valuable and accurate, would be the availability of 



                                                                                                                                                                   
Chapter Five - Result – London Atlas 

 
 

132 

 

correction factors at different ages for different racial groups. These differences 

highlight the need to develop separate charts for each sex, with dental 

developmental stages coinciding with hormonal changes and growth spurts. More 

research should be conducted to determine whether tooth formation stages are 

associated with or affected by hormonal changes.
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CHAPTER SIX 

Result 

Dental Age Assessment of 4 - 16 Years of Western Saudi Children and Adolescent 

Using Demirjian’s Method for Forensic Dentistry. 

 

6.1 Abstract 

Aim: Developing teeth are used to assess maturity and estimate age in several 

disciplines such as paedodontic, orthodontic, pediatric endocrinology and forensic 

odontology. The aim was to determine the statistical adjustment needed when 

dental age is estimated using Demirjian's method for a Western Saudi children and 

adolescents between ages 4 and 16 years of age. Also, to compare for Western 

Saudi population sample with the original French-Canadian.  

 

Methods and Materials: The most common standard for forensic age estimation 

or analysis of children and sub-adults of Demirjian et al. (1973) was used, with a 

total of 198 individuals (boys = 88 and girls = 110). The panoramic radiographs 

were used to score the seven left mandibular teeth.  

 

 Results: The mean difference was -1.44 to 0.64 years in girls and from -0.66 to 

0.77 years in boys. Among girls there was a statistically significant difference for 7, 

11, and 15 years (p ≤ 0.05). There was a statistically significant difference (p ≤ 

0.05), in boys for age groups 8 and 13 only. On average for all ages, Western 

Saudi Arabia girls were 0.059 (sd=1.26) years and the boys -0.66 (sd=1.14) years 

ahead of the French-Canadian children.  

 

Conclusion: New tables were developed in order to convert dental maturity 

calculations according to Demirjian's method into estimated age of contemporary 

Western Saudi population (significant overestimation). For future research, an 

increase in the sample size would be for all the age ranges to establish new 

maturity scores and logistic curves for the studied population group and 
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comparison with other Saudi children region in rural communities found in other 

regions in Saudi Arabia would be ideal. 

 

6.2 Introduction 

Estimation of dental age is usually based on the maturation of the dentition. The 

process of dental maturation (the degree of calcification) is correlated to different 

mineralization morphological stages that can be observed radiographically. The 

process of maturation is much more uniform, progressive, sequenced, and 

continuous than tooth eruption, and is less affected by endocrine disease, dietary 

deficiency states, and environmental changes (Maber et al., 2006). For these 

reasons, a series of age estimation techniques have been developed based on the 

mineralization stage of tooth germs. Forensic odontology takes advantage of the 

techniques to aid in the process of identifying unknown individuals. Moreover, 

dental aging is also a very important measure in the management of immigration to 

assist in determination of the chronological age in the absence of proper 

documents. These techniques have also been employed to decide when a child 

can start schooling, the earliest age a person can marry, or even go to prison 

(Herschaft et al., 2006). All the age evaluation methods based on dental maturation 

follow the same systematic approach in which estimating age merely implies 

having oral radiographies, which can be used in live subjects, cadavers, and 

skeletal remains (Rodriguez, 2004). Currently, the most studied method is the 

method of Demirjian et al. (1973), for forensic age estimation of children and sub-

adults. In addition, many authors have reported different standards of dental 

maturation, using the Demirjian's standard for age estimation (e.g. Australian – 

Peiris et al., 2009; Brazilian – Kurita et al., 2007; Chinese – Zhao et al., 1990; 
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Pakistani – Sukhia and Fida, 2010; South Africa – Phillips et al., 2009). In the 

majority of studies the comparisons have been made between determined values 

of the studied population and French-Canadian standards as reported by 

Demirjian’s. It was recommended that adaptations would be necessary in order to 

use this technique in other population groups (Demirjian et al., 1973) In Saudi 

Arabia; a study has been conducted on a sample of individuals from the city of 

Riyadh (Middle Region – Baghdadi, 2013). However, no studies have been 

conducted to establish dental development studies for forensic age estimation and 

forensic application in Western Saudi Arabia. The purpose of this study is to 

assess the use of the Demirjian's method for age estimation in Western Saudi 

children (4 - 16 years old) and to assess its applicability. 

 

6.3 Materials and Methods 

6.3.1 Materials: In this study, panoramic radiographs and clinical records of 198 

Western Saudi children of known chronological age and gender were obtained, 

which included a total of 88 boys and 110 girls, with age ranging from 4 to 16 

years. Digital OPGs were used. The OPGs were collected from patients attending 

the dental clinics (from the Dental Centre of King Fahd Hospital, Jeddah-Western 

of Saudi Arabia) and all radiographs formed a part of the patient's routine dental 

treatment (from the Paedodontics-Orthodontics clinic of healthy Saudi individuals). 

No OPGs were taken primarily for this research project. According to Demerjian’s 

the presence of pathology, anatomical obstructions and potential radiographic 

distortion can be of  potential concern when doing age estimation. Therefore all 

radiographs were checked to ensure these factors were not present. 
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6.3.2 Methods: The assessment of dental age was performed according to 

Demirjian's method. This method is based on eight stages of tooth mineralization, 

from the calcification of the cusp to closure of the apex, on the seven left 

mandibular teeth and each tooth is given a score based on its phase of 

calcification. All the OPGs were scored by the author using the criteria set by 

Demirjian et al. (1973); without the knowledge of the patient's chronological age.  

The mandibular seven left teeth were scored excluding the third molar. Each tooth 

was rated on an 8-stage scale ranging from A to H depending on the stage of 

calcification. Each stage of the seven teeth was then allocated a score, and the 

sum of the scores gave a calculation of the subject's dental maturity. Demirjian's 

developmental stages and self-weighted scores were used to allocate a tooth 

stage to the seven left mandibular teeth and the maturity scores calculated; then 

conversion tables were used to convert the maturation score to a dental age. The 

chronological age was determined by subtracting the date of birth from the date the 

panoramic radiograph was taken. Chronological ages were sorted according to age 

groups which assisted with classification. Each age group was assigned the same 

range, for example; age group 4 corresponded to an age range of 3.5 – 4.5 years 

of age. Age group of 16 years old was not analysed because all the children in the 

group reached a dental score of 100 and the dental age could not be computed. All 

data analyses including the calculation ratios, were completed using the Excel 

(Version: 2003, Microsoft, Redmont, USA). The detailed statistical analysis was 

completed using the IBM SPSS (Version 19).  
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6.2.3 Reliability – intra-examiner; Paired t-tests were used to determine the 

significance of differences between chronological and estimated ages, for all age 

groups. Reliability analysis was done by the examiner reading and re-reading 20 

OPG’s, with sufficient time (1 week) between reading. Statistical significance was 

set at p ≤ 0.05. Statistical significance using Wilcoxon Matched Pairs Test for 

examiner reliability was calculated and found to be 0.740368. This value is not 

significant and operator calibration was considered reliable. 

 

6.4 Results 

The radiographs of 198 children were included in the study, and analysis was 

completed according to age category and gender. Each age category included a 

12-month range of ages. A paired t-test was used to assess the significance of the 

difference between chronological age [the real age] and the dental age [the 

estimation age] according to the method of Demirjian's (1973 - Table 6.1). The 

mean difference between the chronological age found in Western Saudi Arabian 

children, compared to the dental age found in French-Canadian children, ranged 

from -1.44 to 0.64 in girls and from -0.66 to 0.77 in boys (Table 6.1). 

 

In girls, differences were either negative or positive, depending on age group. The 

negative values demonstrate age groups 5 to 8, and 11-12, were advanced in 

growth when compared to the French-Canadian children. Among girls there was a 

statistically significant difference (p ≤ 0.05) between the chronological age and the 

estimated age compared to Demirjian's results for age groups 7, 11, and 15 (Table 

6.1). The greatest accelerated development is observed for the 5 year olds, and 

the greatest delayed development is for age group 15 years. 
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Tabel 6.1: t-test demonstrating the mean difference between chronological age 

and estimated age for Western Saudi Arabia boys and girls and French – 

Canadian children according to Demirjian' (1973). The P - value in the last column 

was determined using the comparison of mean dental age of boys and girls in age 

groups. 

 

Girls 
 

Mean (±SD) 

Age 
Group* 

 
(n) 

CA (sd) EA (sd) CA – EA 
Difference (sd) 

CA – EA 
95% CI 

P - value 

       
4 3 4.30(0.12) 4.13 (0.66) 0.172 -1.24-1.58 0.652 
5 3 5.38(0.19) 6.83(1.19) -1.44 -4.14-1.25 0.148 
6 6 6.12(0.25) 6.21(1.33) -0.09 -1.30-1.26 0.854 
7 5 7.06(0.31) 7.92(0.25) -0.85 -1.29-0.41 0.006† 

8 13 8.08(0.34) 8.43(0.82) -0.34 -0.89-0.20 0.192 
9 14 9.11(0.31) 9.10(1.37) 0.01 -0.89-0.92 0.978 

10 5 10.15(0.3) 9.34(1.38) 0.81 -0.85-2.47 0.249 
11 13 10.99(0.30) 11.48(0.74) -0.49 -0.93-0.04 0.033† 

12 8 12.05(0.32) 12.16(1.27) -0.11 -1.32-1.10 0.836 
13 3 13.16(0.14) 13.00(0.70) 0.16 -1.27-1.60 0.668 
14 17 14.02(0.26) 13.48(1.57) 0.54 -0.29-1.37 0.187 
15 15 14.96(0.32) 14.32(1.31) 0.64 -0.02-1.30 0.059† 

16 5 16.05(0.29) 15.44(0.76) 0.61 -0.08-1.30 0.071 
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Boys 
 

Mean (±SD) 

Age 
Group* 

 
(n) 

CA (sd) EA (sd) CA – EA 
Difference (sd) 

CA – EA 
95% CI 

P - value 

       
4 4 4.06(0.21) 4.52(0.69) -0.46 -1.24-0.31 0.156 
5 4 5.02(0.22) 5.47(0.89) -0.45 -1.56-0.65 0.284 
6 9 5.97(0.27) 6.32(1.81) -0.35 -1.62-0.92 0.545 
7 8 7.15(0.24) 7.65(0.59) -0.49 -1.04-0.05 0.072 
8 7 8.25(0.17) 8.19(0.34) -0.66 -1.03-0.29 0.004† 

9 11 9.07(0.28) 8.95(0.60) 0.01 -0.30-0.54 0.539 
10 11 10.03(0.33) 10.10(1.07) -0.07 0.72-0.58 0.813 
11 7 11.06(0.33) 11.41(0.88) -0.35 -1.05-0.34 0.263 
12 5 12.5(0.33) 11.56(2.86) 0.49 -2.85-3.83 0.705 
13 6 13.19(0.26) 12.41(0.66) 0.77 0.02-1.28 0.011† 

14 5 14.10(0.35) 13.66(0.71) 0.44 -0.65-1.53 0.325 
15 9 15.07(0.27) 14.78(1.47) 0.28 -0.93-1.50 0.605 
16 2 15.70(0.05) 15.90(0.14) -0.19 -0.93-0.54 0.188 

*An age group of 4.0 would represent individual who are 3.5-4.5 years of age; 

† P- value was statistically significant (p ≤ 0.05); Age difference = Chronological Age (CA) minus 

Estimated Age (EA); CI, Confidence interval; SD, Standard deviation; SE, Standard error.  

 

In boys, differences were either negative or positive, depending on age group. Age 

groups 4-8, 10-11, and 16 showed a negative mean difference, indicating advance 

in growth when compared to the French-Canadian children. Age groups 9, 12-15 

showed a positive difference, indicating a delayed dental age. There was a 

statistically significant difference (p ≤ 0.05) between the chronological age and the 

dental age compared to Demirjian's results in boys for age groups 8 and 13 only. 

The highest advance is observed for age groups 8 and the greatest delayed 

development is for age group 13 years (Table 6.1). On average, for all ages, 

Western Saudi Arabian girls were 0.059 (sd=1.26) years and the boys -0.66 

(sd=1.14) years ahead of the French-Canadian children. This result confirmed 

Demirjian's standards are at a slight variance to be used for Western Saudi 

Arabian children (Table 6.1).   
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6.5 Discussion 

The physiology of human age estimation can be evaluated by the degree of 

maturation of the different tissue systems (Lucio et al., 2007; Ogodescu et al., 

2011). However, dental age can be estimated based on the level of tooth 

mineralization during the development process and the tooth eruption through 

tooth count (Qudeimat and Behbehani 2009). But, tooth eruption and gingival 

emergence dates vary widely among children of the same ethnic background, 

making it an unreliable method for estimating age (Nyström et al., 2001, Willems, 

2001; Willems et al., 2001). Tooth eruption is heavily influenced by environmental 

factors such as available space in the dental arch, extraction of deciduous 

predecessors, tipping, or impaction of teeth (Cardoso, 2007b, Willems, 2001; 

Willems et al., 2001). In addition, using tooth eruption and emergence only 

observes a single event in time for each tooth.  

 

The radiographical examination of tooth development stages, including crown and 

root size, height and length might be considered as a valuable indicator of 

chronological age for Western Saudi populations, given the scarcity of other 

available and reliable age indicators. Examining crown and root growth and 

maturation radio-graphically can be varying due to different reasons such as; poor 

resolution of the radiographic images, different statistical treatments of the results, 

and biological variation among the various populations studied (Liversidge et al., 

2003). Demirjian’s eight-stage method however, is one of the principal methods 

used to quantify the degree of maturity, and is one of the simplest, practical, and 

widely employed methods (Orhan et al., 2007). In addition to dental age estimation; 
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forensic and clinical interpretations indicate if a child is dentally advanced, average 

or delayed compared to the reference (Liversidge et al., 2010). 

 

The aim of this study was to present the dental maturity in Western Saudi children. 

The author compared Demirjian's method using French-Canadian children, and 

Western Saudi children based on their weighted scores. In addition to dental age 

estimation; forensic and clinical interpretations of this indicated if each child was 

dentally advanced, average or delayed compared to the reference (Liversidge et 

al., 2010). It was found to be acceptable without correction factors in our samples 

(n=198, Table 6.1); and confirm the result of Liversidge et al. (2010). This study 

showed that Demirjian's on Western Saudi children revealed (in both genders, 

either negative or positive, depending on the age group) a more advanced dental 

age when compared to French-Canadian children from Demirjian's study. The 

mean difference between chronological age and estimated age was 

0.059(sd=1.26) years in girls and -0.66(sd=1.14) years in boys. As expected from 

literature (Liversidge, 1999; Liversidge et al., 1999; Willems et al., 2001.; Phillips et 

al., 2009; Al-Emran, 2008; Qudeimat and Behbehani 2009; Baghdadi, 2013), an 

overestimation of chronological age when using the method reported by 

Demirjian’s was mostly found. 

 

Three recent studies from Saudi Arabia, two from Riyadh region (Al-Emran, 2008, 

and Baghdadi, 2013) and one from Kuwait (Qudeimat and Behbehani, 2009) 

indicate the same results of overestimation when compared with the current study. 

The child populations in these studies are from the same ancestry, geographically 

close to each other, and exposed to similar dietary and behavior patterns 
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(Cardoso, 2007b). Results from the Al Emran's (2008), study in Saudi Arabian 

children aged from 8.5 to 17 years (N=490); found that Saudi children’s ages were 

overestimated by 0.3 years for boys and 0.4 years for girls. The Baghdadi's (2013), 

study results showed that for children aged from 4 – 14 years (N=422) the mean 

age difference was 0.77 (SD 0.85) for boys and 0.85 (SD 0.79) for girls. The mean 

chronological age was 8.89 and the mean dental age was 9.69, indicating an over-

aging of the sample by about 10 months, which held equally true for both sexes. 

The mean difference found between dental age and chronological age was 0.12 - 

1.21 years for Saudi boys, 0.42 - 1.26 years for Saudi girls; the differences in the 

means were statistically significant for all age groups and genders, except in 8-

year-old, 11-year-old, and 13-year-old boys.  Saudi children from the middle region 

appear to be significantly more dentally mature than their French-Canadian 

peers (Baghdadi, 2013). The study on Kuwaiti children (N=509); aged from 3 to 

14 years, also indicated overestimations, and were 0.71 years (SD 1.18) for boys 

and 0.67 years (SD 1.30) for girls (Qudeimat and Behbehani 2009). The data from 

this present study show a statistically significant difference (p ≤ 0.05) between the 

chronological age and the estimated age compared to Demirjian's results for girls 

at age groups 7, 11, and 15. The girls were advanced for age groups 5-8, and 11-

12. In boys statistically significant differences for age groups were 8 and 13 years 

old, at the level (p ≤ 0.05). All these ages indicate that girls and boys reached 

dental age maturity earlier. In the rest of age groups were no statistically significant 

difference was found. A possible explanation for the differences between French-

Canadian and Western Saudi for this can be that the sample size was much 

smaller for the Western Saudi study. In addition, it might be attributed to the 
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different ethnic group and /or effect of the considerable time gap between the two 

studies on the dental development of these children (Al-Emran, 2008). 

 

The results here confirm the necessity of developing specific scores or curves for 

specific populations, as agreed by most authors (Chaillet et al., 2005). However, 

the influence of geographic location and nutritional status in different population 

groups does necessitate the evaluation of each individual population group so as 

to determine the correction factor required for accurate chronological age 

estimation. What is more, age estimation methods try to have different population 

standards for dental development assessment based on ethnicity to improve the 

accuracy of dental age estimation (Baghdadi, 2013). This study is in agreement 

with the authors from numerous studies who demonstrated that correction factors 

be used on different population groups (Willems et al., 2001; Chaillet et al., 2005; 

Mani et al., 2008; Phillips et al., 2009).  

 

As expected from the literature, this study confirmed overestimation of the dental 

age in Western Saudi children, using the original methods developed by Demirjian 

and coworkers (1973). This is basically due to different rates of dental development 

in different populations. Numerous studies on children from different regions have 

documented a significant difference between average estimated and average real 

age for groups of children. This has resulted in some researchers (the author 

included) suggesting that population specific tooth data are required and 

questioning the validity of using Demirjian’s dental maturity method to assess 

dental age in other world groups. This has been followed by numerous 

modifications of the method by changing the weighted scores or providing 
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equations to either calculate age from score or score from age (Liversidge et al., 

2010). However, Demirjian’s method is widely accepted, but there are several 

limitations and difficulties associated with the application of this standard (Irish and 

Nelson, 2008). 

 

Demirjian’s eight-stage method it is one of the simplest, most practical, and widely 

employed methods (Orhan et al., 2007). There are several limitations such as 

missing teeth or bilateral missing teeth (value of zero), leading to inability to 

calculate the maturity score (Chaillet et al., 2004b). Also, age cannot be precisely 

evaluated after 16 years of age; the appreciation of developmental stages is 

difficult because the choice of the tooth developmental stage is quite subjective; 

and it proved to be applicable in Canadians but not so reliable if applied to other 

populations.  Forensic age estimation is only applicable to individuals with healthy 

normal dental walkway. However, this is not always the case in forensic situations 

(fractures, remains). In the forensic context, the age of a child or missing 

individuals must still be determined (Foti et al., 2003). 

 

6.6 Conclusion 

The results demonstrated that Demirjian's method produced significant differences 

between estimated age and chronological age in the studied group. On average for 

all ages, Western Saudi Arabia girls were 0.059(sd=1.26) years and the boys -

0.66(sd=1.14) years ahead of the French-Canadian children. New tables were 

developed in order to convert dental maturity calculation according to Demirjian's 

method into estimated age of contemporary Western Saudi population (significant 

overestimation). This result confirmed Demirjian's standards are at a slight 
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variance to be used for Western Saudi Arabia children. However, the accuracy of 

Demirjian’s method is high when evaluating young children, because the 

individuals are still growing, but less so with older children (Baghdadi, 2013). It is 

necessary to adapt specific weighted score of studied populations for more efficient 

age estimation (Chaillet et al., 2004a, b). The results from this study have shown 

that Demirjian's method has some limitations when used to determine the 

estimated dental age of Western Saudi Arabian children. For future research an 

increase in the sample size for all the age ranges would establish new maturity 

scores and logistic curves for the studied population group. Further comparison 

with Saudi children from other regions are also indicated.
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CHAPTER SEVEN 

Result 

Dental Age Assessment of Third Molar Development in Relation to Chronological 

Age Amongst Western Saudi Adolescent. 

 

7.1 Abstract 

Aim: The aim of this study was to establish reference data on third molar 

morphology/development for age estimation in Western Saudi adolescents, 

between ages 14 and 23 years of old.  

 

Methods and Materials: OPGs of 130 individuals (males and females), were 

examined and the stage of third molar development were evaluated.  

 

Results: Mean ages, standard deviations and percentile distributions are 

presented for each stage of development. The mean estimated age for all 

participants (n=130) was 219.7 months and this differed significantly (p ≤ 0.05) 

from the mean chronological age (226.5 months). Deviations of predicted age from 

real age showed 28.5% of all participants had their age estimated within one year 

(±12 months) of their chronological age. Most (43%) had their age underestimated 

by more than 12 months, and the remaining 28.5% had their age overestimated by 

more than 12 months of their chronological age. Differences in left-right symmetry 

in formation of third molars were detected, and were higher in the maxilla (92%) 

than in the mandible (82%). For all molars reaching stage "H" most individuals 

(Males and Females) were over the age 18 years of old. Males reach the 

developmental stages earlier than females. 

 

Conclusion: Third molar tooth development can be reliably used to generate 

mean age and the estimated age range for an individual of unknown chronological 

age. Further studies with large population are needed for better statistical results. 

 

 



                                                                                                                   Chapter Seven - Result – Mincer’s 

147 

 

7.2 Introduction 

The estimation of age by applying data from ancestral and population based 

studies is an essential part of forensic odontology, and is applied internationally in 

many important legal and disaster situations. In most situations one of two 

methods of age estimation are available: the morphological examination of skeletal 

features, and radiological examination of the development of third molars (Ritz-

Timme et al., 2000). Age estimation are mostly used to assist the medico-legal 

system in resolving issues regarding age of legal majority for cases involving 

immigration and prosecution in the criminal and civil courts (Seen and Weems, 

2013). However, dentition development and eruption is an important indicator of 

dental age, and may be considered to be the single best physiological indicator of 

chronological age in children and juveniles (Smith 1991; Nelson and Ash 2010).  

This is because tooth mineralization stages are affected much less than bone 

mineralization stages by variation in nutritional and endocrine status, teeth are less 

affected by the local environment, and lastly, can be measured over a considerably 

longer period (Anderson et al., 1976; Suri et al., 2004 and Almonaitiene et al., 

2010). Third molars are in many respects the most variable teeth in terms of 

mineralization and development; and eruption (if it even occurs) is usually between 

the ages of 14 and 23 years of age (Gunst et al., 2003; Seen and Weems, 2013). 

Because there are virtually no other biologic indicators available for this age 

interval, estimation of age using the dentition can also be used to judge the sub-

adult (juvenile), versus adult status of subjects who lack age documentation 

(Mincer et al., 1993). Hand and wrist methods are no longer applicable in this age 

group, as the epiphyseal regions have fused and during the same age period other 

tooth development is all but completed (Mincer et al., 1993). Mincer et al. (1993) 
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concluded that the examination of third molars may provide reasonable accuracy of 

the likelihood that a person is at least 18 years of age, instead of examination of 

exact chronological age. Age estimation resting on tooth development has two 

fundamental influences, genetic variability and environmental factors. To this end, 

others have attempted to reduce variability in outcomes by defining genetically 

similar population sub-sets to provide standard tables that are more applicable to 

these genetically similar individuals, thereby reducing the effect of one of the two 

influences on tooth development (Smith, 1991; Nelson and Ash, 2010 and Flood, 

2012). This is a very important approach as reducing variability in estimates 

provides more robust outcomes that allow the legal systems to rest their decisions 

upon (Willems et al., 2001). Against this backdrop this study has the primary aim of 

determining age standards for tooth development between middle teens and early 

twenties in a Saudi Arabian population group. 

 

7.3 Materials and Methods 

The OPGs of a 130 randomly selected healthy individuals (males n=48 and 

females n=82) from the Paedodontics-Orthodontics clinic were examined. All 

OPGs were screened for the presence of pathology, anatomical obstructions and 

potential radiographic distortion, as these are potential concerns when determining 

age (Demirjian et al. 1973). 

 

Additional de-identified data was collected from these diagnostic radiogaphs such 

as date of birth, date of radiograph (used to calculate age) and gender. Each OPG 

was de-identified and analyzed individually, and accordingly classified into age 

groups, using the methods of Mincer et al. (1993) and evaluated the stage of third 
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molars development (including root development) to estimate the deviation of 

chronological age from assessed age, in 14 to 23 year olds. Developmental stages 

of the teeth, and the score tables from Mincer et al. (1993) were used to calculate 

the scores for each tooth. The values were transformed to formulate an estimated 

dental age for each OPG and this was compared with the chronologic age at the 

time of radiography. 

 

All radiographs were reviewed for quality and the presence of all four third molars. 

The presence of all four molars were necessary as far as possible, to enable 

determination of left-right symmetry, and all OPGs were rated by a single trained 

examiner.  

 

All data analysis including the calculations, was completed using Excel (Version: 

2003, Microsoft, Redmont, USA). Detailed statistical analysis was completed using 

IBM SPSS (Version 19).  

 

7.4 Results 

Differences between estimated and chronological ages: Overall, the mean 

estimated age for all participants was 219.7 months and this differed significantly (p 

≤ 0.05) from the mean chronological age (226.5 months, Table 7.1). Overall, 28.5% 

of all participants had their age estimated within one year (±12 months) of their 

chronological age. Most (43%) had their age underestimated by more than 12 

months, and the remaining (28.5%) had their age overestimated by more than 12 

months of their chronological age (Table 7.2). However, this potential 

overestimation of age might have negative implication for immigration 
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adolescence, early adulthood and adult cases and for medical examiner/coroner 

unidentified individuals (Table 7.2). 

 

Table 7.1: Differences between mean estimated ages and mean real ages (in 

months).  

 Mean (sd) 

 

N 

 

Estimated age 

 

219.7(18.58)* 

 

130 

 

 

Real age 

 

226.5 (39.08) 

 

130 

 

*Paired t-test, p<0.05 (P=0.005) 

 

Table 7.2: Deviations of predicted age from real age.  

Deviation from real age 

 

N (% of sample) 

 

-12 to +12 months 

 

37 (28.5%) 

> 13 months 37 (28.5%) 

< -13 months 56 (43%) 

  

 

 

Symmetry: In this sample, the left-right symmetry in formation was higher in the 

maxilla (92%) than in the mandible (82%). The overall percentage of concordance, 

pooling both arches, was high (87%). This implies that wherever possible, 

information from all available teeth should be included in age determination. 

Overall, (60%) of cases exhibited the same grade of crown-root formation in the 

maxilla and the mandible. As third molars in the maxilla develop faster than those 

in the mandible, this can be seen in (Table 7.3). The development of the right and 
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left side mandible third molars was compared using unpaired t-tests. Statistically 

significant differences between the two sides were not found. 

 

Table 7.3: Cross-tabulation of stages of formation between maxillary and 

mandibular third molars within individuals: 

Maxillary  

stage 

Mandibular stage  

D E F G H Total 

D 34 6 4 0 0 44 

E 8 7 8 0 0 23 

F 0 3 17 4 1 25 

G 0 2 10 47 3 62 

H 0 0 0 43 40 87 

Total 42 18 39 98 44 241 

 

 

Age at formation: The mean chronological age for each stage of formation was 

calculated for both males and females (Table 7.4). There was not much sex 

dimorphism in this sample. 

 

Table 7.4: Mean chronological age (sd) at each stage of crown-root formation: 

Third 

Molar 

Maxilla: D E F G H 

 

18 Male 15.0 (1.68) 15.4 (1.62) 16.5 (1.69) 19.0 (2.18) 21.6 (1.54) 

 Female 14.5 (1.89) 15.6 (1.34) 16.7 (2.64) 19.5 (1.76) 21.7 (1.35) 

28 Male 14.9(1.58) 15.8(2.12) 17.1(2.06) 18.7(1.99) 21.6(1.55) 

 Female 14.5(1.97) 15.2(1.26) 16.1(1.67) 19.7(1.97) 21.8(1.44) 
 

 Mandibular: 

 

     

38 Male 14.5 (1.40) 14.8 (0.11) 16.7 (1.44) 20.2 (2.00) 22.3 (1.18) 

 Female 14.3 (1.25) 16.1 (2.53) 17.4 (2.34) 20.5 (2.12) 21.9 (1.02) 

48 Male 14.5(1.40) 14.8(0.11) 16.7(1.44) 19.4(1.65) 22.3(1.10) 

 Female 14.0(0.83) 15.4(1.66) 18.0(2.17) 20.4(1.77) 22.3(1.10) 
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Prediction at age 18 years: One of the main purposes of age estimation is to 

answer the simple question of whether a person is above or below the age of 18 

years, as this is considered in many countries as the cut-off between adulthood 

and being considered as a juvenile. With completed mineralization of the maxillary 

and mandibular third molars at stage H, 98.3% of the individuals that were 

classified as reaching stage H, were 18 years of age or older. 

 

Using upper right third molar 

In this study, data analysis indicated that in the case of the upper right third molar, 

23 (28%) females and 20 (41.6%) of males were recorded as reaching stage H 

(Table 7.5). Of all those reaching stage H (n=43), only 1 (2.3% column total) were 

not above the age of 18, but 42 (97.6% column total). 

 

Table 7.5: Number and percentage of participants over and under the age of 18, 

by development stage of 3rd molar (upper right wisdom tooth # 18). 

 3rd molar (upper right wisdom tooth #18)  

Sex 0 D E F G H Total 

F    Over18 years:  6(12.8%) 1(2.1%) 0(0%) 1(2.1%) 16(34.0%) 23(48.9%) 47 (100%) 

  Under 18 years:   1(2.9%) 12(34.3%) 8(22.9%) 7(20.0%) 7(20.0%) 0(0%) 35 (100%) 

   Total  7(8.5%) 13(15.9%) 8(9.8%) 8(9.8%) 23(28.0%) 23(28.0%) 82(100%) 

 

M   Over18 years:  1(4.2%) 0(0%) 0(0%) 1(4.2%) 3(12.5%) 19(79.2%) 24(100%) 

 Under 18 years:   1(4.2%) 9(37.5%) 3(12.5%) 4(16.7%) 6(25.0%) 1(4.2%) 24(100%) 

  Total  2(4.2%) 9(18.8%) 3(6.3%) 5(10.4%) 9(18.8%) 20(41.7%) 48(100%) 

 

All   Over 18 years:  7(9.9%) 1(1.4%) 0(0%) 2(2.8%) 19(26.8%) 42(59.2%) 71(100%) 

 Under 18 years:  2(3.4%) 21(35.6%) 11(18.6% 11(18.6%) 13(22.0%) 1(1.7%) 59(100%) 

  Total  9(6.9%) 22(16.9%) 11(8.5%) 13(10.0%) 32(24.6%) 43(33.1%) 130(100%) 
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Using upper left third molar 

In this study, data analysis indicated that in the case of the upper left third molar, 

26 (31.7%) females and 21 (43.7%) of males were recorded as reaching stage H 

(Table 7.6). Of all those reaching stage H (n=47), only 2 (4.2% column total) were 

not above the age of 18, but 45 (95.7% column total). 

 

Table 7.6: Number and percentage of participants over and under the age of 18, 

by development stage of 3rd molar (upper left wisdom tooth # 28). 

 

3rd molar (upper left wisdom tooth # 28) 

Sex 0 D E F G H Total 

F Over 18 years 4 (8.5%) 1(2.1%) 0(.0%) 0(0%) 17(36.2%) 25(53.2%) 47100.0% 

Under 18 years 0(0%) 11(31.4%) 11(31.4%) 6(17.1%) 6(17.1%) 1(2.9%) 35(100%) 

Total 4 (4.9%) 12(14.6%) 11(13.4%) 6(7.3%) 23(28.0%) 26(31.7%) 82(100%) 

 

M Over18 years 0(0%) 0(0%) 0(0%) 2(8.3%) 2(8.3%) 20(83.3%) 24(100%) 

Under 18 years 1(4.2%) 10(41.7%) 2(8.3%) 4(16.7%) 6(25.0%) 1(4.2%) 24(100%) 

Total 1(2.1%) 10(20.8%) 2(4.2%) 6(12.5%) 8(16.7%) 21(43.8%) 48(100%) 

 

All Over 18 years 4(5.6%) 1(1.4%) 0(0%) 2(2.8%) 19(26.8%) 45(63.4%) 71(100%) 

Under 18 years 1(1.7%) 21(35.6%) 13(22.0%) 10(16.9%) 12(20.3%) 2(3.4%) 59(100%) 

Total 5(3.8%) 22(16.9%) 13(10.0%) 12(9.2%) 31(23.8%) 47(36.2%) 130(100%) 
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Using lower left third molar 

In this study, data analysis indicated that in the case of the lower left third molar, 11 

(13.4%) females and 10 (20.8%) of males were recorded as reaching stage H 

(Table 7.7). Of all those reaching stage H (n=21), were all above 18 years old 

(100%). 

 

Table 7.7: Number and percentage of participants over and under the age of 18, 

by development stage of 3d molar (lower left wisdom tooth # 38). 

3rd molar (upper left wisdom tooth # 38) 

Sex D E F G H Total 

F Over 18 years 0 (0%) 1(2.1%) 4 (8.5%) 31 (66.0%) 11 (23.4%) 47 (100.0%) 

Under 18 years 16 (45.7%) 4 (11.4%) 7 (20.0%) 8 (22.9%) 0 (.0%) 35 (100.0%) 

Total 16 (19.5%) 5 (6.1%) 11 (13.4%) 39 (47.6%) 11 (13.4%) 82 (100.0%) 

 

M Over 18 years 0 (.0%) 0 (.0%) 0 (.0%) 14 (58.3%) 10 (41.7%) 24 (100.0%) 

Under 18 years 7 (29.2%) 2 (8.3%) 10 (41.7%) 5 (20.8%) 0 (.0%) 24 (100.0%) 

Total 7 (14.6%) 2 (4.2%) 10 (20.8%) 19 (39.6%) 10 (20.8%) 48 (100.0%)  

 

All Over 18 years 0 (.0%) 1 (1.4%) 4 (5.6%) 45 (63.4%) 21 (29.6%) 71 (100.0%) 

Under 18 years 23 (39.0%) 6 (10.2%) 17 (28.8%) 13 (22.0%) 0 (.0%) 59 (100.0%) 

Total 23 (17.7%) 7 (5.4%) 21 (16.2%) 58 (44.6%) 21 (16.2%)  130(100.0%) 
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Using lower right third molar 

In this study, data analysis indicated that in the case of the lower right third molar, 

15 (18.2%) females and 14 (29.1%) of males were recorded as reaching stage H 

(Table 7.8).  Of all those reaching stage H (n=29), were all above 18 years old 

(100%). 

 

Table 7.8: Number and percentage of participants over and under the age of 18, 

by development stage of 3d molar (lower right wisdom tooth # 48). 

3d molar (lower right wisdom tooth # 48). 

 Sex 0 D E F G H Total 

F Over 18 years 3 (6.4%) 0 (.0%) 1 (2.1%) 4 (8.5%) 24 (51.1%) 15 (31.9%) 47 (100.0%) 

Under 18 years 2 (5.7%) 12 (34.3%) 8 (22.9%) 7 (20.0%) 5 (14.3%) 0 (.0%) 35 (100.0%) 

Total 5 (6.1%) 12 (14.6%) 9 (11.0%) 11 (13.4%) 29 (35.4%) 15 (18.3%) 82 (100.0%) 

 

M Over 18 years 1 (4.2%) 0 (.0%) 0 (.0%) 0 (.0%) 9 (37.5%) 14 (58.3%) 24 (100.0%) 

Under 18 years 0 (.0%) 7 (29.2%) 2 (8.3%) 10 (41.7%) 5 (20.8%) 0 (.0%) 24 (100.0%) 

Total 1 (2.1%) 7 (14.6%) 2 (4.2%) 10 (20.8%) 14 (29.2%) 14 (29.2%) 48 (100.0%) 

 

All Over 18 years 4 (5.6%) 0 (.0%) 1 (1.4%) 4 (5.6%) 33 (46.5%) 29 (40.8%) 71 (100.0%) 

Under 18 years 2 (3.4%) 19 (32.2%) 10 (16.9%) 17 (28.8%) 10 (16.9%) 0 (.0%) 59 (100.0%) 

Total 6 (4.6%) 19 (14.6%) 11 (8.5%) 21 (16.2%) 43 (33.1%) 29 (22.3%) 130 (100.0%) 

 

 

 

7.5 Discussion 

The variable and protracted formation of third molars in adolescence and into early 

adulthood has made it the subject of many studies (Dahlberg, 1945, Anderson et 

al., 1976, Mincer et al., 1993; Arany et al., 2004; Harris, 2007). Formation  is 

usually between the ages of 14-23 years of age (Gunst et al., 2003), and because 

there are virtually no other biologic indicators available for this age interval, 
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formation assessment can also be used to judge the sub-adult (juvenile) versus 

adult status of individuals who lack age documentation (Mincer et al., 1993). Third 

molars are the most variable teeth however, inter-individual variation exists and 

any one individual may have as many as one to all four of their third molars 

mineralized (Alvesalo and Tigersted, 1974; Townsend and Brown, 1978, 1979; 

Mincer et al., 1993). Although the reliability of third molars in age estimation has 

been evaluated by several research groups, consensus on the usefulness of these 

teeth has not been reached. As concluded by Mincer et al. (1993), in their study, 

the examination of third molars may provide reasonable accuracy for the likelihood 

that a person is at least, e.g., 18 years old, instead of the estimation of exact 

chronological age. Consequently, in the current assessment, the author 

investigated the probability of Saudi adolescents between 14-23 years reaching the 

age of 18, based on the formation stage of their third molars.  

  

Mean ages were calculated for appropriate chronological age, sex dimorphism and 

left–right symmetry in third molar development, for both the upper and lower jaws. 

Statistically the findings were significant (p ≤ 0.05), indicating a difference between 

the mean estimated age and the chronological age of about 7 months. Although 

statistically significant differences were identified, these differences were clinically 

acceptable for forensic purposes (age estimation within one year from 

chronological age). However, this potential overestimation of age might have 

negative implications for immigration adolescence, early adulthood and adult 

unidentified individual cases. In addition, the methods required for age estimation 

of individuals should not only be as accurate as possible, but also be safe and non-

invasive to living subjects. For those reasons, third molar mineralization and 



                                                                                                                   Chapter Seven - Result – Mincer’s 

157 

 

development can be used to generate an estimated age range for an individual of 

unknown chronological age. What is more, in unidentified living/deceased 

individuals third molar development is useful in conjunction with age indicators in 

other areas of the body (Kasper et al., 2009). Differences in completion of tooth 

formation and maturity in development, in both arches (maxilla and mandible), 

have been confirmed in previous studies (Mincer et al., 1993). In addition, third 

molar development in the maxilla, per individual,  were more advanced than  in the 

mandible, and when we compare with the findings of Mincer et al; the results 

confirm this. What is more, when third molar root formation was complete, with 

closed apices and uniform width of periodontal ligament (stage H), there was a 

very high probability that the individual was at least 18 years old. Previous studies 

also indicate that the third molars of the maxilla in males matured earlier than those 

of females and those in the mandible (Kasper et al., 2009). The current findings 

also confirm this, for all four third molars in both arches, and combined could 

provide a more accurate estimation of chronological age than only using a single 

tooth. 

 

Third molar tooth development stage “H” will most probably suggest that the 

person is above 18 years of age. Consequently, the stage H finding can be used 

for legal prosecution to determine whether an accused person of unknown age is 

considered an adult or minor, depending upon the laws of the country (Solari and 

Abramovitch, 2002; Kasper et al., 2009). 
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The purpose of the methods used was to predict or estimate chronological age and 

this has to be accurate enough for investigators to have confidence in utilizing, 

especially when having to determine if individuals is above or below 18 years of 

age, and when legal consequences are based on their decisions.  

 

7.6 Conclusion  

Forensic dentistry is the application of dental knowledge to those criminal and civil 

laws that are enforced by police agencies in a criminal justice system. Forensic 

dentists may also be asked to assist in estimation of age, race, occupation, 

previous dental history and socioeconomic status of unidentified human beings.  

 

This cross-sectional study of a third molar development of 130 Western Saudi 

individuals evaluated the third molar age estimation method by Mincer et al. (1993) 

for forensic dentistry application (unknown chronological age). Results of the study 

indicates that the third molars of individuals in the Western Saudi population 

studied reached the stages of development, on average, at earlier chronological 

ages (overestimated). This trend was found to be consistent in both males and 

females. Third molars of males matured earlier than those of females and in both 

maxilla and mandible. In summary, age estimation of individuals of unknown age 

requires a reliable method that is safe and noninvasive on living subjects. Third 

molar tooth development can be reliably used to generate mean ages, and the 

estimated age range for an individual (Kasper et al., 2009). Further studies with 

large populations are needed for better statistical results. The proposed data may 

provide a Saudi reference for maxillary and mandibular third molar examination for 

the purpose of forensic dentistry application.  
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CHAPTER EIGHT 

Result 

Integrate Gold Standard Methods of Age Estimation in Western Saudi 

Childhood and Adolescent. 

 

8.1 Abstract 

Aim: Developing teeth are used to assess maturity and estimate age in a 

number of disciplines; the accuracy of different methods however, has not been 

systematically investigated in Western Saudi Arabia for forensic purposes.  The 

aim of this study was to determine the accuracy of three methods of age 

estimation tools, using developing teeth from panoramic radiographs in Western 

Saudi Arabian children and adolescents between ages 4-23 years old. 

 

Methods and Materials: Panoramic radiographs were examined of all teeth 

staged in the maxilla and mandible; according to the London Atlas of Tooth 

Development (n=241); Demirjian’s dental maturity scale (n=198); and the stage 

of third molars development (including root development) by Mincer’s (n=130).  

Age estimation and chronological ages were compared using a paired t-test for 

the three methods. The absolute mean difference between age estimation and 

chronological age was calculated.  

 

Results: The three methods of age estimating were mostly under-estimating 

age. What is more, the results show that the mean under-estimation by the 

London atlas method was 1.6 (±15.0) months in 65.1% of the sample; by 

Demirjian’s was 0.02 (±14.5) months in 71.4% and by Mincer's was 6.7 (±26.5) 

months in 28.5%. 

 

Conclusion: The three methods of age estimation used in this study under-

estimated chronological age overall. Demirjian’s method was the most accurate 

of the three methods to estimate age. This study found that specific dental age 

methods are applicable for the different ethnic groups in Western Saudi Arabia, 

and accuracy varies according to age group. 
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8.2 Introduction 

Tooth development is very stable and minimally affected by environmental 

factors, socio-economic status, nutrition, dietary habits and even by endocrine 

factors (Gutierrez-Salazara and Reyes-Gasgaa, 2003; Cardoso, 2007b). These 

characteristics made the dentition the best indicator of chronological age 

compared with other systems, and for that reason, extensive research has been 

done on tooth development to provide simple and accurate ways of estimating 

the physiological dental age (Elamin and Liversidge, 2013; AlQahtani et al., 

2014). It is well documented that age estimation is usually most accurate in 

individuals still growing. For that reason, age estimation is more commonly 

required in children rather than adults, and therefore odontologists need to 

become familiar with available methods and techniques of age estimation that is 

not only fast and reliable, but also cost-effective and efficient (Franklin, 2010; 

Senn and Weems 2013). Estimating the age of an individual when it is unknown 

is of great importance. It determines legal responsibility or social rights such as 

school attendance, social benefits, employment, and marriage and most 

importantly for asylum seekers. Knowing the age at death is crucial in 

identifying deceased individuals in crime scene investigations or in mass 

disasters and it provides information regarding past populations (Olze et al., 

2004; Kvaal, 2006; Tassi et al., 2007; Turchetta et al., 2007; AlQahtani, 2012). 

 

It is not surprising that there are many dental standards available in the 

literature. They vary on samples, sizes and age method structures, and are 

from different countries and ethnicities, thus rendering statistical analysis and 

comparisons in terms of accuracy, precision, or reliability of various age 

estimating methods based on crown and root stage developments and eruption, 
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very difficult. Most report bias, using a single method on small target samples of 

uneven age and different age ranges (Liversidge et al., 2010). In childhood and 

adolescence; morphological methods based on the radiological examination 

and evaluations of dental and skeletal development are to be recommended.  

But with age and development growth, the accuracy of most morphological 

methods is gradually reduced (Maber et al., 2006; Liversidge et al., 2010; Seen 

and Weems 2013). 

 

The aim of this study was to determine and compare the accuracy of the dental 

age estimation methods of the London Atlas, Demirjian’s and Mincer’s against a 

population sample of children of known chronological age from Western Saudi 

Arabia by examining developing teeth from panoramic radiographs.  

 

8.3 Materials and Methods 

8.3.1 Study design 

The design of this study was a retrospective cross-sectional study of dental 

radiographs. These were good quality OPGs taken in the course of diagnosis 

and treatment at the Paedodontics-Orthodontics clinic (randomly selected), from 

the Dental Centre of King Fahd Hospital, Ministry of Health, Jeddah, Saudi 

Arabia.  

 

8.3.2 Sample 

The sample was ‘n group of 4-23 year olds, with subgroups selected for 

analysis (according to relevant age) for each of the three methods used to 

estimate age. There was overlap of participants between the subsamples: for 

the Atlas method 241 individuals between ages 4 and 20 years were selected 
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(104 males and 137 females); for the Demirjian method 198 individuals between 

ages 4 and 16 years were selected (87 males, 111 females), and for the 

Mincer’s method 130 individuals between ages 14 and 23 years were selected 

(48 males, 82 females; Figure 8.1). The presence of pathology, anatomical 

obstructions and radiographic distortion were potential concerns (Demirjian et 

al., 1973; Liversidge, 1994; Maber et al., 2006; Seen and Weems 2013). Each 

radiograph was de-identified and analyzed blindly. The values were transformed 

to formulate an estimated dental age for each radiograph and this was 

compared with the chronologic age at the time of radiography. All radiographs 

were reviewed for quality and the presence of all teeth. All radiographs were 

rated by a single trained and calibrated examiner. 

  

8.3.3 Dental age methods tested 

OPGs were examined of all teeth staged in the maxilla and mandible to 

establish the developmental stages of the teeth morphology; according to the 

London Atlas of AlQahtani et al. (2010); Demirjian et al. (1973) and Mincer et al. 

(1993; Figure 8.1). Ages to the month were expressed decimally for simplicity of 

statistical calculation. Data from the sample were used to analyze the error 

between the chronological age (real age) of each individuals with the age 

estimations of London Atlas, Demirjian's and Mincer's methods respectively. 

 

Figure 8.1: Age range from 4–23 years old (age categories): 
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“Correct” was defined as dental age being within the age range of the 

chronological age category. In other words, if chronological ages were sorted 

according to age groups which assisted with classification. Each age group was 

assigned the same range for examples; age group 4 corresponded to an age 

range of 3.5 – 4.5 years of age. In other words, if a child had a dental age of 3.5 

and chronological age was between 3 and 3.99 years, the individual was 

assigned to the correct age category. If dental age of a similarly aged child was 

4.5, then age was over estimated by one age category. 

 

The first method was the London Atlas of Tooth Development (AlQahtani et al., 

2010, 2014). A pair of London Atlas illustrations was used to compare the 

relative length (crown/root) of all eight right teeth upper/lower arch. The London 

Atlas was developed as a comprehensive, evidence based atlas that attempted 

to overcome some of the previous limitations and is freely available in 

numerous languages (www.atlas.dentistry.qmul.ac.uk) and also as software.  

This atlas designed for age prediction, is tooth specific and illustrates tooth 

development and eruption for 31 age categories (AlQahtani et al., 2010, 2014). 

 

The second method was Demirjian's (1973). The examiner rated each of the 

seven left mandibular teeth. The third molar was excluded. In any cases of 

partial anodontia, early extraction of permanent teeth or premature loss of 

primary teeth on the left side, age estimation was performed using Demirjian’s 

method: the original 7-tooth technique (M2, M1, PM2, PM1, C, I2, and I1), the 

left mandibular teeth (seven) were rated on an eight-stage dental development 

scale from A to H, based on tooth mineralization. Dental classification was 

based on Demirjian et al.’s (1973) written and pictorial criteria. Numerical values 
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were assigned to each of the teeth based on stages of individual tooth 

development; specific for each sex. The total maturity score (of 100) was 

obtained through summation of all numerical values and then converted to an 

estimated dental age. Estimated ages for the original 7-tooth technique were 

determined from the Demirjian et al. (1973) graphic chart specific to sex. 

 

The third method was using Mincer et al. (1993) to evaluate the stage of all third 

molars development (including root development) to estimate the deviation of 

chronological age from assessed age, in 14 to 23 year olds. Developmental 

stages of the teeth, and the score tables from Mincer et al. (1993) were used to 

calculate the scores for each tooth. The values were transformed to formulate 

an estimated dental age for each panoramic radiograph and this was compared 

with the chronologic age at the time of radiography. To determine apex closure 

stages, no magnifying glass was used. The ratings were made with the naked 

eye consistent with the defined process for usage of the methods. For the 

Mincer’s method, where unilateral hypodontia or first molar extraction were 

present, the same tooth from the opposite side were evaluated. 

 

8.3.4 Calculating accuracy 

All data analyses including the calculations, were completed using Excel 

(Version: 2003, Microsoft, Redmont, USA), and IBM SPSS (Version 19). 

Accuracy of dental age estimation was defined as how closely chronological 

age could be predicted, measured as the difference between chronological age 

and estimated dental age. The chronological age was subtracted from the 

estimated dental age and a positive result indicated an overestimation, and a 

negative figure an underestimation, and this is known as bias (Cameriere et al., 
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2008a). An accurate method has no bias, i.e. the mean difference between 

dental age and known age will be zero or close to zero. The standard deviation 

(SD) of the mean difference between dental age and real age, also known as 

the standard error of the estimate, refers to the precision or reliability of 

estimated age. An age estimating method with high precision/reliability has a 

small SD, but could have substantial bias. A valid age estimating method is both 

accurate and precise, i.e. no bias and small sd; (Ritz-Timme et al., 2000; 

Ferrante and Cameriere, 2009; Liversidge et al., 2010). 

 

The significance of the difference between chronological and dental age was 

assessed using Student’s t-test. This was done for each method of age 

estimation (Cardoso, 2007a, 2009; Cameriere et al., 2008a). Statistical 

significance was set at p ≤ 0.05. Statistical significance using Wilcoxon Matched 

Pairs Test for examiner reliability was calculated to be 0.740. This value is not 

significant and operator calibration considered reliable. In addition, the 

difference between sex groups was investigated using Student’s t-test for each 

method of age estimation or charts.  

 

8.4 Results 

Results of age estimation for the three methods are summarized in (Table 8.1).  

Using these methods resulted mostly in an under-estimation of real age. The 

mean under-estimation of age, using the London atlas method was 1.6 (±15.0) 

months, using Demirjian’s was 0.02 (±14.5) months, and using Mincer’s method 

was 6.7 (±26.5) months (Table 8.1). Almost two-thirds (65.1%) of the 

participants had their ages predicted within 12 months of their chronological age 

using the London Atlas method, almost three-quarters (71.4%) using 
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Demirjian’s, and less than a third (28.5%) using Mincer’s method. Overall, 

across ages sampled (4-16), estimated age was closest to chronological age 

using Demirjian's method (Table 8.1). 

  

Table 8.1: Results of age estimation for the three methods are summarized 

using the three methods. Note * not all ages are included in all methods 

therefore comparing all need to be interpreted accordingly. 

Age group 

and 

method 

N CA (months) EA (months) CA - EA Under/Over

estimation 

% EA within 12 months 

of CA 

 

Atlas: 

      

4-6 32 102.9 (10.7) 104.0 (14.9) -1.1(11.1) Over 56.3% 

7-9 60 134.7 (9.7) 131.5 (10.6) 3.1 (9.5) Under 78.3% 

10-12 43 173.4 (8.8) 169.4 (12.6) 3.9 (11.9) Under 74.4% 

13-15 58 210.8 (9.1) 205.5 (19.0) 5.3 (16.0) Under 55.2% 

16-18 24 240.6 (8.7) 236.0 (21.2) 4.7 (24.7) Under 50.0% 

19-20 24 263.0 (6.7) 246.0 (16.1) 17 (17.8) Under 66.7% 

All* 

 

241 145.2 (53.8) 143.7 (52.3) 1.6 (15.0) Under 65.1% 

Demirjian:       

4-6 29 64.5 (9.8) 69.1(18.2) -4.6(14.4) Over 65.5% 

7-9 58 99.9(9.9) 103.2 (11.8) -3.2 (11.9) Over 85.8% 

10-12 49 131.8 (9.9) 132.7 (18.4) -0.98 (6.1) Over 60.4% 

13-16 62 174.1 (10.3) 168.0 (17.9) 6.1 (14.6) Under 70.0% 

All* 

 

198 125.84 (39.9) 125.82 (32.3) 0.02 (14.5) Under 71.4% 

Mincer:       

14-16 40 176.7 (12.5) 199.9 (12.6) -23.2 (12.4) Over 12.5% 

17-19 28 220.1(10.4) 218.9 (9.5) 1.15 (11.2) Under 78.5% 

20-23 62 261.5(14.0) 232.9 (12.4) 28.5 (15.9) Under 16.1% 

All* 

 

130 226.5 (39.1) 219.7 (18.6) 6.7 (26.5) Under 28.5% 

 

However, when analyzing individual age categories, the London Atlas show age 

estimation were more accurate (78.3% with in ±12 months range) amongst 7-9 

year olds, and least accurate in those 16-18 years where only 50% were within 

a ±12 month range of the real age. It was found that over-estimation was 56.3% 

(-1.1 month on average) among 4-6 years and under-estimation 78.3% (3.1 

month on average) among 7-9 years (Figure 8.2).  
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Figure 8.2: Comparison between chronological age and the average estimated 

age, using the New Atlas of Tooth Development and Eruption (AlQahtani et al., 

2010). 

 

Demirjian's method provided more accurate age estimations (85.8% within ±12 

months range) amongst 7-9 year olds, and least accurate in those 4-6 years 

where only 65.5% were within ±12 month range of the real age (Figure 8.3). A 

scatter diagram of the estimated ages using Demirjian's method and compared 

to the real age; the prevalence of over-estimation was highest 85.8% (-3.2) 

among 7-9 years and under-estimation 70% (6.1) among 13-16 years (Figure 

8.3).  
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Figure 8.3: Comparison between chronological age and the average estimated 

age, using the method of Demirjian et al. (1973). 

 

Mincer's method resulted in a more accurate estimation (78.5% with in ±12 

months range) amongst 17-19 year olds, and least accurate in those 14-16 

years where only 12.5% were with in ±12 months range of the real age. A 

scatter diagram of the estimated ages using Mincer's method and compared to 

the real age; the prevalence of over-estimation was 12.5% (-23.2) among 14-16 

years and under-estimation 78.5% (1.15) among 17-19 years (Figure 8.4). In 

summary, using Demirjian's method estimated age more accurately and with 

greater precision than the other two methods.  
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Figure 8.4: Comparison between chronological age and the average estimated 

age, using the method of Mincer et al. (1993).  

 

The data for each of the three methods were used to test the degree of error 

between the estimated age and the chronological age. The estimation error was 

represented graphically by comparing the real age to the difference between the 

estimated ages minus the real age (Figures 8.5 - 8.7). 

 

Using the London Atlas method 65.1% (overall) of the sample lies below (under-

estimated) the chronological age (Figure 8.5). The London Atlas method under-

estimated by 78.3% of individuals who are between 7-9 years; 74.4% between 

10-12 years; 55.2% between 13-15 years; 50% between 16-18 years and 

66.7% between 19-20 years. In the other hand, 56.3% between 4-6 years was 

over-estimated (Figure 8.5 and Table 8.1).  
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Figure 8.5: Age estimation error using the New Atlas of Tooth Development 

and Eruption (AlQahtani et al., 2010). 

 

With Demirjian's method 71.4% (overall) of the sample lies below (under-

estimated) the chronological age (Figure 8.6). Over-estimation is present in 

65.5% between 4-6 years old; 85.8% between 7-9 years and 60.4% between 

10-12 years. Also, it was under-estimated of age about 70% of those between 

13-16 years (Figure 8.6 and Table 8.1).  
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Figure 8.6: Age estimation error using the method of Demirjian et al. (1973). 

 

With Mincer's method 28.5% (overall) of the sample lies below (under-

estimated) the chronological age (Figure 8.7). Over-estimation is present in 

12.5% of those between 14-16 years, and under-estimation in 78.5% of 17-19 

year-olds, and 16.1% of 20-23 year-olds (Figure 8.7 and Table 8.1). 
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Figure 8.7: Age estimation error using the method of Mincer et al. (1993). 

 

8.5 Discussion  

Previous research on the accuracy of dental age estimation methods was 

complicated by different sample sizes, age structures, grouping and statistical 

analysis, making comparisons difficult. The majority of studies have looked at a 

single method, others use several methods, some investigate living children, 

some reported on skeletal remains, and some reported correlations of dental 

and chronological ages. More recent studies detailed the mean and absolute 

mean difference between dental and chronological ages, to report bias as well 

as accuracy (Maber et al., 2006; AlQahtani et al., 2014). In addition to 

searching for the most reasonable method(s) of age estimation clinically 

acceptable for forensic purposes, many studies have also tested the accuracy 

of dental age estimation methods, and all standards are based on Western 
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populations, which are genetically more distant from the majority of our samples 

(Liversidge et al., 2010; AlQahtani et al., 2014).  

 

The London Atlas was used on several Western populations, including from 

Portugal, the Netherlands, the United States, Canada, France and the United 

Kingdom (AlQahtani et al., 2010, 2014). Previous studies have compared 

results from the older atlas chart (Schour and Massler, 1941; Ubelaker, 1978) 

with the recent London Atlas (2014), indicating that better results using the 

latter. Demirjian’s 1973 study (French-Canadian sample) only used individuals 

whose parents were both of Canadian descent. Several authors have however 

shown that the use of Demirjian's method was not accurate when applied to 

their population samples, and a common finding was that Demirjian's 

overestimated age (Willems et al., 2001; Al-Emran, 2008; Phillips et al., 2009; 

Qudeimat and Behbehani, 2009; Baghdadi, 2013); although an underestimation 

has also been reported (Foti et al., 2003). Mincer et al.’s (1993) method was 

used in American White, American Black, American Hispanic, German, 

Japanese, African and Austrian samples (Kasper et al., 2009; Olze et al., 2003, 

2006b; Bassed et al., 2011). A high variability in age threshold of every Mincer's 

stage has been verified with different mean ages (Cunha et al., 2009) for age 

groups between 14-23 years old. Third molar evaluation showed the least intra-

examiner and inter-examiner errors, and a high correlation with biological age. 

Advantage of this scoring system was that the predicted dental age was 

relatively accurate since it was not based on the eruption process of teeth (Olze 

et al., 2006a, b; Kanmani et al., 2012). 
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However, we investigated the use of all three methods in a sample of Western 

Saudi children and young people, and results indicated that these methods 

mostly under-estimated the ages of our sample, compared to that of Western 

populations. Overall, estimated ages was closest to chronological ages using 

the Demirjian's method, and it was superior in all measures of performance, 

compared to the London Atlas and Mincer's methods, considering the 

differences of growth processes, and different dental development rates in 

different populations (Reid and Dean, 2006). On other hand, there are not 

enough ancestral and population specific studies; and they tend to have a 

relatively higher degree of inter-observer disagreement and a large error rate 

than other teeth formation and development techniques (Liversidge et al., 2006; 

Irish and Nelson, 2008; Senn and Weems, 2013; AlQahtani et al., 2014). This 

study, with just a single sub-population of different origin to the original 

development population, clearly identifies variations that may have significant 

impacts on decisions made. 

 

Comparing results from the London Atlas and Demirjian’s between 4-16 years 

old in our study shows that some measures of performance to estimate age 

were better using the Demirjian's method, than recent Atlas charts. On the 

contrary, a study (Blenkin and Evans, 2010) reports considerably better 

accuracy using Schour and Massler (1941) chart compared with Demirjian et al. 

(1973). 

 

The difference between chronological age and estimated age among 14-16 

year olds, comparing the three methods, also indicate that Demirjian’s was the 

most accurate, with about 70% of all estimated ages within 12 months of the 
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chronological age, compared to only 12% using Mincer and about 50% using 

the London Atlas.  

 

The third molar’s late, variable and protracted formation in adolescence and into 

early adulthood has made it the subject of many studies. Third molar formation 

is one of the few maturational events proceeding during late adolescence 

(Mincer et al., 1993). Each individual was examined to determine if third molar 

mineralization had occurred. Comparing results from London Atlas and Mincer's 

for third molar maturation shows that, in this Western Saudi sample, Mincer was 

highly accurate for those between ages 17 and 19, but less accurate than the 

London Atlas for those older than 19 years (Table 8.1). 

 

The advantage of Demirjian’s and Mincer's technique, which is a scoring system 

based on the use of developmental stages of teeth, is that the predicted dental 

age is relatively accurate since it is not based on the eruption process of teeth.  

It is indeed commonly accepted that tooth eruption as an evaluation method for 

dental age estimation has some limitations, since tooth eruption is heavily 

influenced by environmental factors such as available space in the dental arch, 

extraction of deciduous predecessors, tipping, or impaction of teeth. But it is 

necessary to adapt specific weighted scores of studied populations from the 

same ancestry and geographical patterns, for more efficient age estimation.  

Because of the natural biological variation of teeth development; the use of 

these methods could aid to avoid the different standards of dental maturation 

(Chaillet et al., 2004a). On the other hand, the new London Atlas covers as 

much of the developing dentition and eruption as possible, and all ages are 

represented. However, dental mineralization on the atlas show that tooth 
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development are almost the same for both sexes; highlighting the need for 

separate charts for each sex (Blenkin and Taylor, 2012). The strength of the 

present study is that this is the first to compare and assess the suitability of 

three commonly used forensic methods of age estimation when applied in a 

Western Saudi population of children and young adults.  

 

This study did have a number of limitations. The most obvious of these 

concerns were sample size, and the unevenness of the representation of 

particular age and sex categories. The second major drawback was that it was 

not possible to determine whether the different methods of age estimation may 

have suited different ethnic subcomponents of the population differently. 

Nevertheless, pathological factors have not been considered so far, but they 

should be among the exclusion criteria of subjects from the studies; this means 

that the dental age estimation methods should be applied to subjects who have 

a healthy dental profile (Meinl et al., 2007; Cunha et al., 2009). Dental age 

estimation is only applicable to individuals with healthy normal dental behavior 

(Meinl et al., 2007). However, this is not always the case in forensic situations 

(fractures, remains). In the forensic context, the age of a child or missing 

individuals must still be determined.  

 

8.5 Conclusion 

Three different age-estimation methods were used in this study to identify the 

current most accurate, appropriate and clinically acceptable method for forensic 

age estimation purposes in a Western Saudi population. A considerable amount 

of literature has been published on age estimation, and there is general 

agreement that age in younger children can be more accurately predicted than 
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in older children (Blenkin and Taylor 2012, AlQahtani et al., 2014). The three 

methods of age estimation used in this study all under-estimated chronological 

age overall. This study validates the Demirjian’s method as the most accurate to 

estimate age, as overall it performed better than both the London Atlas and 

Mincer's method in this Western Saudi sample population. The latter two 

methods do not accurately estimate the ages of Western Saudi Arabian 

juveniles. It therefore follows that adjusted dental age related tables for the 

different ethnic groups in Western Saudi Arabia are necessary for age 

estimation of these children. The adjusted data may provide a valid and more 

accurate Saudi reference for age estimation and its application in forensic 

odontology.  
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Chapter NINE 

Discussion, Conclusion and Future Research 

 

9.1 Introduction 

Several techniques utilizing dental development are used to estimate 

chronological age; these ranges from chart(s) of tooth formation, development 

and eruption to mathematical formulae that calculate dental age.  Radiographic 

evaluation and root development or/and macroscopic observation of tooth 

emergence patterns are used in these techniques. In addition, it is well-

documented that age estimation is usually most accurate in individuals still 

growing (Franklin, 2010). 

 

A considerable literature pertinent to the variation (genetic, sex, ethnicity) and 

environmental influences that affect tooth development and eruption exists (Suri 

et al., 2004; Almonaitiene et al., 2010). Any disturbance of normal growth 

patterns, such as nutritional deficiency or chronic illness, is going to introduce a 

potential source of error in age estimation (Cardoso, 2007a; Franklin, 2010).  

This is an important factor, as differences between local sub-populations must 

be considered, and the best estimations can only be made from local 

population-specific standards (Nyström et al., 1986; Schmeling et al., 2006). It is 

widely acknowledged that the optimal time for age estimation from the dentition 

is as teeth develop; (which are under stronger genetic influence), and teeth are 

also considered the most indestructible tissue of the body; having the highest 

resistance to environmental effects (Cardoso, 2007b; Patidar et al., 2010). 

Therefore, dental development is presently one of the most effective 
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approaches available for estimating the age of children and sub-adult 

individuals in a forensic context (McKenna et al., 2002). 

 

Many studies testing each and every method have also been done in the quest 

to find the method with the best performance measures. What performs well in 

one population doesn’t appear to perform well in another; what is simple to one 

scientist is complicated to another.  Methods have been modified, re-modified, 

tested and retested. Diagrams have been redrawn and adopted, yet there are 

still problems associated with most of these techniques. Lack of evidence 

behind the technique is the most profound problem (Smith, 1991; Braga et al., 

2005); even with the most widely used techniques. The lack of documented 

details of the studied sample (Fass, 1969), the restriction to a small age range 

(Gustafson et al., 1973), the insufficient sample size or the absence of samples 

all together are just examples (Schour and Massler, 1941). However, most age 

estimation systems are based on populations of European, North American, 

and French Canadian derivation. The ideal situation would be to formulate 

representative databases of world-wide populations in each method(s). 

 

Estimating the age of an individual when it is unknown (for both living and 

deceased) is of great importance in medico-legal needs and eligibility need for 

social benefits, "permission" such as school attendance, employment, marriage 

and most importantly for asylum seekers. Knowing the age at death is crucial in 

identifying deceased individuals in crime scene investigations or in mass 

disasters and it provides information regarding past populations (Hillson, 1996; 

Hoppa and Fitzgerald, 1999; Olze et al., 2004; Kvaal, 2006; Tassi, et al., 2007; 

Turchetta, et al., 2007). 
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Age is determined by the date of birth and the period of time or number of years 

elapsed after that to any point of time, which is then called the chronological 

age (Krogman and Iscan, 1986; Kraemer et al., 1985). It is documented in birth 

certificates, hospital records, and governmental databases and many more, but 

in the absence of these documents, other ways to establish age are of great 

importance especially in the light that 50 million births are unregistered in the 

world where 70% of births are registered in developed countries and only 50% 

in developing countries (UNICEF, 2012). Moreover, with the increase in armed 

conflicts around the world, especially in the last decades up to the recent “Arab 

Spring”, more and more people flee their homeland without their documents 

because they left unexpectedly fearing for their lives, their documents got lost or 

stolen after their homes got attacked, or simply to avoid being identified by their 

oppressive regimes (AlQahtani, 2012). 

 

It is important, however, that differences between local populations be 

considered, as the most accurate estimations are known to be made from local 

population-specific standards (Nyström et al., 2001; Schmeling et al., 2003). 

There are at present no population-specific standards for determining the 

chronological age of Western Saudi Arabian sub-adults on the basis of dental 

development. Hence, the purpose of this study was to assess three widely 

applied dental aging systems: The London Atlas by AlQahtani et al. (2010), 

Demirjian et al. (1973); and Mincer et al. (1993), to determine which of those 

methods was the most accurate for age assessment in a Western Saudi 

Arabian population. The study achieved its purpose, thus becoming the first 

evaluation to determine the suitability of the application of the most commonly 
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used forensic methods when applied to Western Saudi Arabian individuals see 

below.  

 

9.2 Choice of Method 

The new London Atlas covers as much of the developing dentition as possible 

and all ages are represented. Significant differences have been shown from the 

original atlas and it is non-destructive method; it does not require the use of 

specialized equipment beyond x-ray equipment. The London Atlas is a 

comprehensive method, ease of use and accurate satisfaction are a major 

improvement from all the past (old atlas) available methods of dental age 

estimation. Also, by testing The London Atlas on Dental students of The London 

School of Medicine and Dentistry, Queen Mary, University of London, UK; not 

only it validates it, but also revealed that it is user-friendly (AlQahtani et al., 

2010; 2014; AlQahtani, 2012). 

 

As detailed in the review (Chapter Three), the most commonly used standards 

for forensic age estimation or analysis of children and sub-adults is Demirjian's 

system (1973). An advantage of the Demirjian’s system over these latter 

methods is that with only eight stages of teeth mineralization; it is a simple 

system to become familiar with, and easy to allocate the appropriate stage to an 

observed tooth. 

 

Third molars are the most variable teeth however, inter-individual variation 

exists and any one individual may have as many as one to all four of their third 

molars mineralized (Alvesalo and Tigersted, 1974; Townsend and Brown, 1978, 

1979; Mincer et al., 1993). Although the reliability of third molars in age 
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estimation has been evaluated by several research groups, consensus on the 

usefulness of these teeth has not been reached (Kasper et al., 2009; Olze et al., 

2003, 2006a, b; Bassed et al., 2011). As concluded by Mincer et al. (1993), in 

their study, the examination of third molars may provide reasonable accuracy 

for the likelihood that a person is at least, e.g., 18 years old, instead of the 

estimation of exact chronological age. 

 

For those reasons all three methods have been chosen; they have been widely 

used throughout the world, and provide an accurate estimate of age when 

modified to the local population. This study revealed a real need for systematic 

evaluation of the applicability of forensic dental aging techniques, in that the 

three different methods gave significantly different age estimates for the same 

individuals. Previously the dental aging technique applied to forensic cases in 

Western Saudi Arabia has been chosen on a haphazard basis and was more or 

less assumed to yield equivalent answers. 

 

9.3 Single Result of Each Method [AlQahtani et al. (2010), Demirjian et al. 

(1973) and Mincer et al. (1993)] 

Many of the studies investigating the differences between chronological and 

actual age utilise populations that are identical to the one that is being tested, 

for instance, the London Atlas (Western populations: Portugal, Netherlands, 

United States, Canada, France and United Kingdom, AlQahtani et al., 2010, 

2014).  Estimating age from a chart or atlas provide an age category or interval, 

whereas tooth specific reference methods provide a point estimate from the 

most widely used methods.  Previous studies have compared results from the 

older atlas chart (Schour and Massler, 1941; Ubelaker 1978) with the London 
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Atlas (recently, 2014) and shows better results using the new London Atlas than 

the older version. However, all three methods under-estimated age but the 

London Atlas performance was better than produced by Schour and Massler 

(1941) and Ubelaker (1987) in all measures (AlQahtani et al., 2014). 

 

Nevertheless, [result from chapter 5] found the estimated average age was 

143+55.4 months, with the real average age 145+57.9 months of subjects 

differed significantly p ≤ 0.001. Deviations of predicted age from real age, 

showed that 65% of estimations were within a ±12 month range around the real 

age; 19% were more than 12 months overestimated; and 15% were more than 

12 months underestimated. This study, with just a single sub-population of 

different origin to the original population, clearly identifies variations that may 

have significant impacts on decisions made (Alshihri et al., 2015a).  

 

Demirjian’s (1973) study of French-Canadians, only used individuals whose 

parents were both of Canadian descent.  Many dental developmental standards 

have been created in the past but Demirjian’s method is the most well-known 

for juvenile individuals, since the standards do not require tentative estimation 

as they are based on changes in shape (Orhan et al., 2007). Several authors 

have shown that the use of Demirjian's method was not accurate when applied 

to their population sample and a common finding is that Demirjian 

overestimated age (Willems et al., 2001; Al-Emran, 2008; Phillips et al., 2009; 

Qudeimat and Behbehani, 2009; Baghdadi, 2013); although an underestimation 

has also been reported (Foti et al., 2003). In addition, Demirjian's dental 

maturity method is inappropriate to assess population differences in dental 

maturity (Liversidge, 2010). It is necessary to adapt specific weighted score of 
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studied populations for more efficient age estimation (Chaillet et al., 2004). 

However, according to the data reported in chapter 6 of this thesis, the mean 

difference between the chronological age found in Western Saudi Arabian 

children compared to the dental age, found in French-Canadian children ranged 

from: 1.44 to 0.64 in girls; and from -0.66 to 0.77 in boys which differed 

significantly (p ≤ 0.05) in both genders.  On average for all ages, Western Saudi 

Arabian girls were 0.059(sd=1.26) years and the boys -0.66(sd=1.14) years 

ahead of the French-Canadian children (Alshihri et al., 2015b). 

 

Mincer's study (1993) showed that third molar development for age estimation is 

predictable for age groups between 14-23 years of old. It has been determined 

that third molar mineralization would be a very useful tool in the field of forensic 

science if population-specific standards were applied (Olze et al. 2006a).  

Studies by Arany et al. (2004), and Olze et al. (2005); reported that third molar 

evaluation showed the least intra-examiner and inter-examiner errors and a 

high correlation with biological age. The advantage of this scoring system was 

that the predicted dental age was relatively accurate since it was not based on 

the eruption process of teeth (Kanmani et al., 2012). In addition, as exemplified 

by data from chapter 7; the mean estimated age for all participants (n=130) was 

219.7 months and this differed significantly (p ≤ 0.05) from the mean 

chronological age (226.5 months). Deviations of predicted age from real age 

showed 28.5% of all participants had their age estimated within one year (±12 

months) of their chronological age. Most (43%) had their age underestimated by 

more than 12 months, and the remaining 28.5% had their age overestimated by 

more than 12 months of their chronological age. Differences in left-right 

symmetry in formation of third molars were detected, and were higher in the 
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maxilla (92%) than in the mandible (82%). For all molars reaching stage "H" 

most individuals (males and females) were over the age 18 years of old. Males 

reach the developmental stages earlier than females (Alshihri et al., 2014). 

 

On the other hand, this study has used randomly assessed OPGs from an 

actual clinical database, thus providing with a mixed population sample. This is 

more realistic in the forensic context, where it may not be possible to ascertain 

sex/population affinity in juvenile remains. All three methods provided a better 

than chance estimation of age. It is evident that the relationships between 

chronological and predicted age by each method were not the same. Selecting 

the best method of estimating age is not as uncomplicated as it first appears. 

 

This controversy in finding intra- and inter-population differences in dental age 

estimation could be attributed to several methodological issues, including 

sample size, weighted values and the fact that many of these studies assessed 

developmental stage of attainment of selected teeth or dental maturity rather 

than an overall dental age estimation. These sources of variation haven’t been 

controlled for between studies, therefore discrepancies between studies cannot 

be attributed to population differences (Braga et al., 2005; Liversidge, 2012).  

Highly significant differences (p ≤ 0.01) between estimated and chronological 

age when applying Caucasian based methods on non-Caucasians, however, 

are similar to differences reported when the same methods were tested on 

Caucasian populations (Prieto et al., 2005; Liversidge et al., 2006; Maber et al., 

2006; Cameriere et al., 2008a; Thevissen et al., 2009; 2010). This suggests that 

population specific methods do not improve accuracy and precision. 
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9.4 Comparison all the three methods (Accuracy of Age Prediction 

Amongst the Methods) 

All the three methods are widely accepted, useful, practical, valid and 

comprehensive. The aim of this study was to determine the accuracy of three 

methods of age estimation using developing teeth from OPGs in Western Saudi 

Arabian children and adolescents between ages 4-23 years old. It was 

hypothesized that the three methods would not fit this sub-population of 

Western Saudi Arabia as they are of a very different genetic pool to those of the 

previously published studies. All standards from such previous studies are 

based on Western populations (with the exception of one study in central Saudi 

individual). Which are genetically more distant from the majority of the Saudi 

Arabian samples used in the current study. This study found differences in age 

estimation accuracy between the three methods under comparison. This  

section  deals  with  the  issue  of  accuracy, rather than the consistency, of the 

relationships between age  estimates  obtained by  each  of  the  methods  and  

actual chronological  age. 

 

Overall, using these previous methods resulted mostly in an under-estimation of 

real age. The mean under-estimation of age, using The London atlas method 

underestimated chronological age on average by 1.6 (±15.0) months; using the 

Demirjian’s method, underestimation was only 0.02 (±14.5) months on average; 

and using Mincer's method, underestimation was 6.7 (±26.5) months on 

average. Almost two-thirds (65.1%) of the participants had their ages predicted 

within 12 months of their chronological age using the London Atlas method, 

almost three-quarters (71.4%) using Demirjian’s, and less than a third (28.5%) 

using Mincer’s method. Overall, across all ages, estimated age was closest to 
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chronological age using Demirjian's method. London atlas method was less 

accurate than the other two methods when applied to Western Saudi individuals 

between the ages of 4 - 20 years of age. Demirjian's method was the most 

accurate when applied to individuals under 16 years of age.  Mincer's method 

was the most accurate when applied to individuals older than 16 years of age 

(as detailed in chapter 8 – Alshihri et al., 2016). The average age range for third 

molar development is between 14 and 23 years of age (Olze et al., 2005). It is 

not surprising that Mincer’s method should be the most accurate for individuals 

older than 16 years of age, as it was developed to estimate age in individuals 

undergoing third molar mineralization. Recently, Maber et al. (2006) found the 

opposite to be the case in a study of Bangladeshi and British Caucasian sub-

adults, however, in this case there may have been growth retardation affecting 

tooth development in the early years. The forensic implication of these 

differences in accuracy of estimates with age is that older individuals are 

inherently more difficult to identify, as there are fewer key developmental factors 

which positively place them in a certain age range. 

 

This section addresses the issue of whether the age estimates from the three 

methods under consideration are, in fact, systematically related to chronological 

age in the Western Saudi sample population. From the regression analysis, all 

three methods provided a better than chance estimation of actual age (p ≤ 

0.05). The Demirjian method is the most accurate overall the classification 

system for many different populations (e.g. Indian: Hedge and Sood 2002; 

British and Bangladeshi: Maber et al. 2006; Belgian: Willems et al. 2001; 

Western Australian: Farah et al. 1999), especially in relation to younger age 

groups (Maber et al. 2006). 
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9.5 Limitations of the Assessed Methods 

9.5.1 AlQahtani et al., (2010). 

Testing of the accuracy of the new Atlas (The London Atlas), indicated it is an 

accurate, practical, comprehensive, valid and user-friendly method.  However, a 

use of the London Atlas by different researchers on different western 

populations (than it was developed from), including populations from Portugal, 

Netherlands, United States, Canada, France and United Kingdom (AlQahtani et 

al., 2010, 2014), produced mixed results. A statistical age interval is not 

provided for each diagram in the London Atlas. Because this study (London 

Atlas) primarily uses data from contemporary sources, modern day 

environmental influences should be reflected within the observed tooth 

development. What is more, all atlas style techniques have some inherent 

problems such as: not all children match the drawing; it is assessing eruption on 

a day specimen; the variability and timing of tooth formation and eruption stages 

have not been incorporated into an updated atlas; there is maturity overlap; they 

are not sex differentiated resulting in a high degree of variability particularly 

from mid-childhood through adolescence. Furthermore, there are not enough 

ancestral and population specific studies; they tend to have a relatively higher 

degree of inter-observer disagreement and a large error rate than other teeth 

formation and development techniques (Liversidge et al., 2006; Irish and 

Nelson, 2008; Senn and Weems, 2013; AlQahtani et al., 2014). Because of this, 

researchers are forced to choose whatever drawing for age most closely 

matches the dentition of the individual being assessed.  It is clearly evident that 

the application of a universal approach to atlas-based age estimation in forensic 

dental science is not appropriate. This study, with just a single sub-population of 

different origin to the original development population, clearly identifies 
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variations that may have significant impacts on decisions made.  Importantly, 

studies of this type provide a basis for the application of  atlases  adjusted for 

sub-populations. A composite international repository of atlas-based data for 

different ethnic sub-populations would be of great value to clinicians across the 

globe. 

 

9.5.2 Demirjian et al. (1973) 

This method, although very accurate for the Western Saudi Arabia sample 

examined in the present study has some limitations. The method assigns a 

value of zero for an absent tooth, which can cause a misrepresentation of the 

total score for that particular individual. Nevertheless, the success of this 

approach suggests that in a forensic context, an individual may be missing at 

least one or some of their teeth, and if this occurs, the teeth on the right side of 

the mandible be substituted for those on the left. In this study a method of 

estimating a score for an absent tooth was based on the development of other 

teeth. Future assessments based on the Demirjian’s system should either be 

based on a modification of the method such as that employed in this study or 

not be applied to subjects with missing teeth. Also, age cannot be precisely 

evaluated after 16 years of age; the appreciation of developmental stages is 

difficult because the choice of the tooth developmental stage is quite subjective; 

and it proved to be applicable in Canadians but not reliable if applied to other 

populations. Forensic age estimation is only applicable to individuals with 

healthy normal dentition. However, this is not always the case in forensic 

situations (fractures or skeletal remains). In the forensic context, the age of a 

child or missing individuals must still be determined (Fotie et al., 2003). It is 
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necessary to adapt specific weighted score of studied populations for more 

efficient age estimation (Chaillet et al., 2004). 

 

9.5.3 Mincer et al. (1993) 

The results of this study suggest this method yields inaccurate results when 

applied to individuals less than 16 years old. However, when used in the 

appropriate age group (≥ 16 years old), Mincer's method is very accurate. It is 

therefore important to only apply Mincer's method as it stands to individuals 

over 16 years of age. Especially when having to determine if individuals is 

above or below 18 years of age, and when legal consequences are based on 

their decisions. The accuracy of the method when applied to the age range, for 

which it was developed, and the evenness of its difference in estimates for 

males and females across the age range, suggests that it would be worthwhile 

applying the technique to the development of a local database, and to extending 

the range of ages to which it applies. 

 

9.6 Limitations of the Study 

This study did have a number of limitations. The most obvious concerns sample 

size, and the unevenness of the representation of particular age and sex 

categories. The second major drawback was that it was not possible to 

determine whether the different methods of age estimation may have suited 

different ethnic subcomponents of the population differently. Nevertheless, 

forensic age estimation is only applicable to individuals with healthy normal 

dentitions (Meinl et al. 2007). However, this is not always the case in forensic 

situations (fractures, remains). In the forensic context, the age of a child or 

missing individuals must still be determined (Fotie et al., 2003). 
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9.7 Conclusion 

This study clearly demonstrated that Demirjian’s and Mincer’s methods are 

more accurate than the London Atlas method when applied to a Western Saudi 

Arabian sub-adult population. Demirjian’s eight stage dental development 

standard using seven permanent left mandibular teeth was easy to apply and 

had low intra-observer error, as previously reported by Levesque and Demirjian 

1981, Liversidge et al. 1999 and Nyström et al. 1986. The written criteria, 

beginning with the calcification of the cusps to the closure of the root apex, 

covered the full range of dental development. Demirjian’s standards may be of 

use at all ages (up to approximately 16 years) including those where no 

emergence has taken place. 

 

Demirjian’s method is most accurate for individuals under 16 years of age, 

whereas the Mincer’s method is most accurate for individuals over 16 years of 

age. Age assessment is more accurate in younger individuals than in older 

individuals, in agreement with Olze et al. (2005).  

 

Mincer’s third molar classification system based on the schematic drawings and 

definitions of the eight stages of crown and root formation was clearly defined 

and easy to apply. It covered the full range of dental development for third molar 

mineralisation. As it stands, the Mincer method can be applied to Western 

Saudi Arabia individuals between 14 and 23 years of age. 

 

On the other hand, the new London Atlas covers as much of the developing 

dentition and eruption as possible, and all ages are represented. However, 

dental mineralization as depicted by the atlas method showed that tooth 
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development are almost the same for both sexes; highlighting the need for 

separate charts for each sex (Blenkin and Taylor, 2012). In addition, London 

atlas method was significantly less accurate than the other two methods when 

applied to Western Saudis individuals between the ages of 4 - 20 years of age. 

 

In summary: age estimation of individuals of unknown age requires a reliable 

method that is safe and noninvasive on living subjects. Tooth development can 

be reliably used to generate mean ages, and the estimated age range for an 

individual.  Because of the natural biological variation of tooth development; that 

helps to avoid the different standards of dental maturation by using these 

methods (Chaillet et al., 2004). 

 

It is important to understand that dental age estimation of sub-adult individuals 

is designed for both living and individuals deceased individuals. This review of 

dental age estimation techniques gives an overview of different methods 

available; all of them have advantages and disadvantages. However, one 

should not be restricted to applying only one method of age estimation but to 

use different techniques available and perform repetitive measurements and 

calculation in order to establish maximum reproducibility. Because, the number 

of population-specific dental age estimation studies are limited or based on 

Western population or specific methods only.  

 

However, Demirjian’s method should be used to evaluate dental development in 

younger individual’s ≤ 16 years of age and Mincer’s method should be used in 

older individual’s ≥ 16 years of age for forensic age estimation. The London 
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Atlas had limited accurately estimating the ages of Western Saudi Arabia 

children and young people. 

 

9.8 Future Research 

Overall it is apparent that all the methods are applied to different reference 

populations it will result in different deviations between chronological and 

estimated age (Mornstad et al. 1994); however, Demirjian’s method should be 

used to evaluate dental development in younger individuals (≤16 years of age) 

and Mincer’s method should be used in older individuals (≥ 16 years of age) for 

forensic age estimates. Both methods warrant application to a large enough 

sample of Western Saudi individuals to generate a locally relevant database. It 

is thus proposed that the results of this preliminary study should be extended to 

the development of a full-scale set of local dental standards for estimating age 

in Western Saudi Arabia sub-adults. The Mincer's method, as applied to 

individuals over 16 years of age, should be re-calibrated to the local population, 

and should be extended as far down through the age range as possible. In 

particular, the magnitude of the correction for sex differences in dental 

development should be adjusted to fit the local population. Demirjian’s method 

should similarly be applied to individuals in the lower part, and below, the range 

to which the Mincer method can be extended. Consideration should also be 

given to incorporating an adjustment for sex, like that used by Mincer's, into the 

Demirjian's technique. AlQahtani's method of age estimation should not be used 

on Western Saudi populations. 
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The importance of ethnic variation in the assessment of dental development 

requires further population studies in order to reach an adjustment of each 

method according to the specific population, with an increase in precision and 

accuracy. In this scenario, the higher interest of anthropological and forensic 

journals for population studies will help by providing new data useful in the 

discussion of the final result, and in the evaluation of the methods themselves 

(Cunha et al., 2009). 

 

For future research, increasing the sample size would be ideal for all the age 

ranges to establish new maturity scores and logistic curves for the studied 

population group. In addition a comparison with children in other regions in 

Saudi Arabia would be insightful. The proposed data may provide a Saudi 

reference for left and right maxillary and mandibular teeth examination for the 

purpose of forensic odontology application. 

 

In summary, age estimation of individuals of unknown age requires a reliable 

method that is safe and noninvasive on living subjects. All the three methods of 

tooth development can be reliably used to generate mean ages, and the 

estimated age range for an individual. Further studies with larger populations 

are needed for more robust statistical data. The proposed data may provide a 

Saudi reference for left and right maxillary and mandibular teeth examination for 

the purpose of forensic odontological applications. 
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Appendix A - Figure A.1: show the different types of teeth (and eruption times) 

in the maxillary (upper) and mandibular (lower) arches (Romaniuk and Kruge, 

1989). 
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Appendix A - Figure A.2: Eruption sequence of the primary dentition from 5 

months in utero to 6 years of age (from Nelson and Ash, 2010 – following 

Schour and Massler, 1941). 
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Appendix A – Table A.3: Primary tooth eruption and root completion times 

(adapted from ALQahtani et al., 2010).  

 

Median age of eruption for deciduous teeth (combined sex)*¹ 

 

*¹Midpoint of 3 months for younger than 1 year and midpoint of 1 year otherwise.     
*²From Lysell et al. (1962).    
M. Months.   
Y.Years.     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maxilla  Mandible 

 

Tooth 

 

No 

 

Alveolar 

Eruption 

 

Clinical 

Emergence 

*² 

 

Full 

Eruption 

  

Tooth 

 

No 

 

Alveolar 

Eruption 

 

Clinical 

Emergence 

 

Full 

Eruption 

i¹ A 4.5M 9.96M 10.5M  i A 4.5M 8.04M 10.5M 

i² B 7.5M 11.4M 1.5Y  i B 7.5M 1.08Y 1.5Y 

c C 10.5M 1.58Y 2.5Y  c C 10.5M 1.67Y 2.5Y 

m¹ D 10.5M 1.33Y 1.5Y  m D 10.5M 1.33Y 1.5Y 

m² E 1.5Y 2.24Y 2.5Y  m E 1.5Y 2.25Y 2.5Y 
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Appendix A - Figure A.4: Schour and Massler Atlas (1941) of dental 

development and eruption chart; ranging from 7 years to 35.0 years of age. 
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Appendix A - Table A.5: Permanent tooth eruption and root completion times 

(adapted from ALQahtani et al., 2010). 

 

Median age (years) of eruption for permanent teeth (combined sex)*¹ 

*¹ Midpoint of 1 year. 
*² From Haavikko (1970). 
 

 

 

 

 

 

 

 

 

 

 

 

Maxilla  Mandible 

 

Tooth 

 

Alveolar 

Eruption 

 

Clinical 

Emergence*² 

 

Full 

Eruption 

 

 

 

Tooth 

 

Alveolar 

Eruption 

 

Clinical 

Emergence 

 

Full 

Eruption 

  Boys Girls     Boys Girls  

I¹ 6.5Y 6.9Y 6.7Y 7.5Y  I1 5.5Y 6.3y 6.2Y 7.5Y 

I² 7.5Y 8.3Y 7.8Y 9.5Y  I2 6.5Y 7.3Y 6.8Y 7.5Y 

C 11.5Y 12.1Y 10.6Y 12.5Y  C 9.5Y 10.4Y 9.2Y 11.5Y 

PM¹ 10.5Y 10.2Y 9.6Y 11.5Y  PM1 10.5Y 10.3Y 9.6Y 11.5Y 

PM² 11.5Y 11.4Y 10.2Y 12.5Y  PM2 11.5Y 11.1Y 10.1Y 12.5Y 

M¹ 5.5Y 6.4Y 6.4Y 6.5Y  M1 5.5Y 6.3Y 6.3Y 6.5Y 

M² 10.5Y 12.8Y 12.4Y 13.5Y  M2 10.5Y 12.2Y 11.4Y 12.5Y 

M³ 16.5Y - - 20.5Y  M3 16.5Y - - 20.5Y 
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Appendices A – Figure A.6: A variety of different numbering systems of teeth. 
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Appendices A – Figure A.7: Ubelaker’s (1978) dental development and 

eruption chart ranging from 5.0 months in utero to 35.0 years of age. 
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Appendix A - Figure A.8: The London Atlas of human tooth development, the 

front page (AlQahatin et al., 2010). 
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Appendices A – Figure A.9: The London Atlas of human tooth development, 

the back page (AlQahatin et al., 2010). 
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Appendices A – Figure A.10: Demirjian et al.’s (1973), eight stage dental 

development chart beginning with the mineralization of the cusp to the closure 

of the root. 
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Appendices A – Figures and Table A.11: Demirjian et al.’s (1973) eight stage 

written dental development classification system. 

  

Stags Demirjian’s Guidelines and criteria 

 
A 

 
In both uniradicular and multiradicular teeth, a beginning of calcification 
is seen at the superior level of the crypt in the form of an inverted cone 
or cones. There is no fusion of these calcified points. 
 

 

 
 

 
B 

 
Fusion of the calcified points forms one or several cusps which unite to 
give a regularly outlined occlusal surface. 
 

 
 

 
 

 
C 

 
a) Enamel formation is complete at the occlusal surface. Its extension 
and convergence towards the cervical region is seen. 
b) The beginning of a dentinal deposit is seen. 
c) The outline of the pulp chamber has a curved shape at the occlusal 
border. 
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D 

 

a) The crown formation is completed down to the cemento-enamel 
junction. 
b) The superior border of the pulp chamber in the uniradicular teeth has 
a definite 
c) Curved form, being concave towards the cervical region. The 
projection of the pulp horns if present, gives an outline shaped like an 
umbrella top. In molars the pulp chamber has a trapezoidal form. 
d) Beginning of root formation is seen in the form of a spicule. 
 
 

 
 
 

 
 
 
 
 

 
E 

 

UNIRADICULAR TEETH 
a) The walls of the pulp chamber now form straight lines, whose 
continuity is broken by the presence of the pulp horn, which is larger 
than in the previous stage. 
b) The root length is less than the crown height. 
 
MOLARS 
a) Initial formation of the radicular bifurcation is seen in the form of either 
a calcified point or a semi-lunar shape. 
b) The root length is still less than the crown height. 
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F 

 

UNIRADICULAR TEETH 
a) The walls of the pulp chamber now form a more or less isosceles 
triangle. The apex ends in a funnel shape. 
b) The root length is equal to or greater than the crown height. 
 
MOLARS 
a) The calcified region of the bifurcation has developed further down 
from its semi-lunar stage to give the roots a more definite and distinct 
outline with funnel shaped endings. 
b) The root length is equal to or greater than the crown height. 
 
 

 

 
 

 
G 

 
The walls of the root canal are now parallel and its apical end is still 
partially open (Distal root in molars). 
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H 

 

a) The apical end of the root canal is completely closed. (Distal root on 
molars) 
b) The periodontal membrane has a uniform width around the root and 
the apex. 
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Appendices A – Figure A.12: Eight stages drawing of crown and root 

formation used to score third molar development of Mincer’s method (Demirjian 

staging as modified by Kasper, 2008). 
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Appendix A – Table A.13: Table of Genetic disorders influencing permanent 

teeth eruption (from Almonaitiene et al. 2010). 

 

 

 

Amelogenesis imperfect 

Aarskog syndrome 

Acrodysostosis 

Albright Hereditary Osteodystrophy 

Apert syndrome 

Carpenter syndrome 

Cherubism 

Chondroectodermal dysplasia 

Cleidocranial dysplasia 

Cockayne syndrome 

Congenital hypertrichosis lanuginosa 

Dentin dysplasia 

Mucopolysaccharidosis (MPS) 

Down syndrome 

Dyskeratosis congenital 

Ectodermal dysplasia 

Ekman-Westborg-Julin syndrome 

Epidermolysis bullosa 

GAPO syndrome (growth retardation, 

alopecia, pseudoanodontia, and optic 

atrophy) 

Gardner syndrome 

Gaucher disease 

Gingival fibromatosis associated 

syndromes 

Laband syndrome 

Murray-Puretic-Drescher syndrome 

Rutherford syndrome 

Cross syndrome 

Gorlin syndrome 

Hallermann-Streiff syndrome 

Hyperimmunoglobulinemia (Buckley 

syndrome) 

I-cell disease (mucolipidosis II) 

Incontinentia pigmenti (Bloch-Sulzberger 

syndrome) 

Mc-Cune-Albright syndrome (polyostotic 

fibrous dysplasia) 

Menkes’ kinky hair syndrome 

Neurofibromatoses 

Oculoauriculo vertebral spectrum 

(Goldenhar syndrome/hemifacial 

microsomia) 

Osteoglophonic dysplasia 

Osteopathia striata with cranial stenosis 

Osteopetrosis (marble bone disease) 

Osteogenesis imperfect 

Otodental dysplasia 

Parry-Romberg syndrome (progressive 

hemifacial atrophy) 

Progeria (Hutchinson-Gilford syndrome) 

Rothmund-Thompson syndrome 

Sclerosteosis 

Shokier syndrome (hereditary anodontia 

spuria) 

SHORT syndrome 

Singleton-Merten syndrome 

VonRecklinghausen neurofibromatosis 

22q11 deletion syndrome 
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Appendix A – Figure A.14: Eruption sequence of the primary dentition from 5 

months in utero to 35 years of age. (From Nelson and Ash, 2010 – following 

Schour and Massler, 1941). 
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Appendix A – Figure A.15: Males total maturity score for Demirjian et al.’s 

classification system (Adapted from Demirjian et al., 1973). 

 

 

Males - Demirjian stages 

Tooth     0 A B C D E F G H 

M2 0.0 2.1 3.5 5.9 10.1 12.5 13.2 13.6 15.4 

M1    0.0 8.0 9.6 12.3 17.0 19.3 

PM2 0.0 1.7 3.1 5.4 9.7 12.0 12.8 13.2 14.4 

PM1    3.4 7.0 11.0 12.3 12.7 13.5 

C    0.0 3.5 7.9 10.0 11.0 11.9 

I2    0.0 3.2 5.2 7.8 11.7 13.7 

I1     0.0 1.9 4.1 8.2 11.8 

 

 

Appendix A – Figure A.16: Females total maturity score for Demirjian et al.’s 

classification system (Adapted from Demirjian et al., 1973). 

 

 

Females - Demirjian stages 

Tooth     0 A B C D E F G H 

M2 0.0 2.7 3.9 6.9 11.1 13.5 14.2 14.5 15.6 

M1    0.0 4.5 6.2 9.0 14.0 16.2 

PM2 0.0 1.8 3.4 6.5 10.6 12.7 13.5 13.8 14.6 

PM1   0.0 3.7 7.5 11.8 13.1 13.4 14.1 

C    0.0 3.8 7.3 10.3 11.6 12.4 

I2    0.0 3.2 5.6 8.0 12.2 14.2 

I1     0.0 2.4 5.1 9.3 12.9 
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Appendix A – Table A.17: Demirjian's conversion table for male. 

 

Conversion of total maturity scores to dental age in males (7 Teeth); adapted from Demirjian et al. 

1973. 

Age 3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 

Score 12.4 12.9 13.5 14 14.5 15 15.6 16.2 17 17.6 18.2 18.9 19.7 20.4 

Age 4.4 4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 5.6 5.7 

Score 21 21.7 22.4 23.1 23.8 24.6 25.4 26.2 27 27.8 28.6 29.5 30.3 31.1 

Age 5.8 5.9 6 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7 7.1 

Score 31.8 32.6 33.6 34.7 35.8 36.9 38 39.2 40.6 42 43.6 45.1 46.7 48.3 

Age 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 

Score 50 52 54.3 56.8 59.6 62.5 66 69 71.6 73.5 75.1 76.4 77.7 79 

Age 8.6 8.7 8.8 8.9 9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 

Score 80.2 81.2 82 82.8 83.6 84.3 85 85.6 86.2 86.7 87.2 87.7 88.2 88.6 

Age 10 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11 11.1 11.2 11.3 

Score 89 89.3 89.7 90 90.3 90.6 91 91.3 91.6 91.8 92 92.2 92.5 92.7 

Age 11.4 11.5 11.6 11.7 11.8 11.9 12 12.1 12.2 12.3 12.4 12.5 12.6 12.7 

Score 92.4 93.1 93.3 93.5 93.7 93.9 94 94.2 94.4 94.5 94.6 94.8 95 95.1 

Age 12.8 12.9 13 13.1 13.2 13.3 13.4 13.5 13.6 13.7 13.8 13.9 14 14.1 

Score 95.2 95.4 95.6 95.7 95.8 95.9 96 96.1 96.2 96.3 96.4 96.5 96.6 96.7 

Age 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9 15 15.1 15.2 15.3 15.4 15.5 

Score 96.8 96.9 97 97.1 97.2 97.3 97.4 97.5 97.6 97.7 97.8 97.8 97.9 98 

Age 15.6 15.7 15.8 15.9 16 

Score 98.1 98.2 98.2 98.3 98.4 
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Appendix A –Table A.18: Demirjian's conversion table for females. 

 

Conversion of total maturity scores to dental age in Females (7 Teeth); adapted from Demirjian et al. 

1973. 

Age 3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 

Score 13.7 14.4 15.1 15.8 16.6 17.3 18 18.8 19.5 20.3 21 21.8 22.5 23.2 

Age 4.4 4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 5.6 5.7 

Score 24 24.8 25.6 26.4 27.2 28 28.9 29.7 30.5 31.3 32.1 33 34 35 

Age 5.8 5.9 6 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7 7.1 

Score 36 37 38 39.1 40.2 41.3 42.5 43.9 45.2 46.7 48 49.5 51 52.9 

Age 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 

Score 55.5 57.8 61 65 68 71.8 75 77 78.8 80.2 81.2 82.2 83.1 84 

Age 8.6 8.7 8.8 8.9 9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 

Score 84.8 85.3 86.1 86.7 87.2 87.8 88.3 88.8 89.3 89.8 90.2 90.7 91.1 91.4 

Age 10 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11 11.1 11.2 11.3 

Score 91.8 92.1 92.3 92.6 92.9 93.2 93.5 93.7 94 94.2 94.5 94.7 94.9 95.1 

Age 11.4 11.5 11.6 11.7 11.8 11.9 12 12.1 12.2 12.3 12.4 12.5 12.6 12.7 

Score 95.3 95.4 95.6 95.8 96 96.2 96.3 96.4 96.5 96.6 96.7 96.8 96.9 97 

Age 12.8 12.9 13 13.1 13.2 13.3 13.4 13.5 14.6 13.7 13.8 13.9 14 14.1 

Score 97.1 97.2 97.3 97.4 97.5 97.6 97.7 97.8 98 98.1 98.2 98.3 98.3 98.4 

Age 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9 15 15.1 15.2 15.3 15.4 15.5 

Score 98.5 98.6 98.7 98.8 98.8 99 99.1 99.1 99.2 99.3 99.4 99.4 99.5 99.6 

Age 15.6 15.7 15.8 15.9 16 

Score 99.6 99.7 99.8 99.9 100 
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Appendix A – Table A.19: Table 3. Show the result of studies done on different 

population groups. 

 

Year of 

publications 

Authors Country No # of 

Studies 

Ranged of 

Age 

Results 

1986 Nyström et al. Finnish 738 2.5 – 18.5 More advanced in dental maturity 

compared with French-Canadian 

children 

1998 Nykänen et al. Norwegian 261 0 – 9.5 More advanced in dental maturity 

compared with French-Canadian 

children 

1999 Liversidge et al. British 521 4 - 9 More advanced in dental maturity 

compared with French-Canadian 

children 

2000 Frucht et al. Southwest 

Germany 

1003 2 -20 It is not correlated with that of a 

French-Canadian population 

2001 Willems et al. Belgian 2116 1.8 – 18.0 It is a significant overestimation 

in all age classes 

 

2002 Mckenna et al. South Australia 615 4.9 – 16.9 It was less advanced in the early 

years but more advanced once 

they reach 15 years of age 

2005 Leurs et al. Dutch 451 3 - 17 It was significant difference 

between chronological age and 

dental age 

2008 Rozyto-K et al. Poland 994 6 – 16 It showed no statistically 

significant difference 

2008 Temoananui et al. New Zealand 1383 3 – 14 The study highlights the 

importance of using population 

specific standard 

2008 Mani et al. Malaysia 428 7 – 15 It was inapplicable for their 

population group 

2009 Phillips et al. South Africa 327 7 – 15 It showed overestimated 90 % of 

the ages 

2010 Chen et al. Western Chinese 445 8 – 16 It was not suitable for Western 

Chinese 
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Appendix A – Table A.20: Mean ages of attainment of third molar formation 

(adapted from Mincer et al., 1993). 

 

Grade D E F G H 

Arch Maxilla Maxilla Maxilla Maxilla Maxilla 

Male 16.0 16.6 17.7 18.2 20.2 

Female 16.0 16.9 18.0 18.8 20.6 

      

Arch Mandible Mandible Mandible Mandible Mandible 

Male 15.5 17.3 17.5 18.3 20.5 

Female 16.0 16.9 17.7 19.1 20.9 
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