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ABSTRACT 

Teeth are often used to assist in the identification of human bodies after death, 

especially in cases where the body is badly burned or decomposed, as teeth are 

usually preserved for a long period of time, even after most of the other tissues of 

the body have decomposed. Age estimation can play a significant role in order to 

help narrow down the spectrum of possible identities, for example from the 

missing person’s database. Gustafson created a method of age estimation, using 6 

age-related changes of teeth that occur after the eruption of the dentition. He then 

compiled a regression line from which the age of a tooth donor could be 

determined by examining attrition, change of the level of the periodontal 

attachment, secondary dentine deposition in the pulp, resorption of the root, 

apposition of cementum and translucency of the root. Gustafson’s method of age 

estimation was based on Europeans from Sweden. This age estimation method has 

been used on unidentified individuals at the Salt River and the Tygerberg medico-

legal laboratories, but the accuracy is questionable as to whether the method is 

applicable to the population of the Western Cape. The aim and objectives of this 

study were to test the accuracy of Gustafson’s method on a sample of adults of 

known chronological age, to determine the degree of accuracy of the method and 

to evaluate the consistency of the method. Extracted mandibular central and lateral 

incisors and maxillary central incisors were used in this study. Two examiners 

independently used Gustafson’s method of age estimation to estimate the ages of 

the donors of the teeth. This method was found to be inaccurate when applied to a 

sample of the adult population of the Western Cape.   

Keywords: Forensic Dentistry, Age estimation, Teeth 
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Chapter 1 Introduction 

Chapter 1 

Introduction 

Age determination or estimation is an important part of forensic dentistry. The use 

of teeth for this purpose can play a significant role in the process to identify a 

human body after death, especially in cases where the body is badly burnt or 

decomposed, as teeth are usually preserved for a long period of time, even after 

most of the other tissues have already disintegrated. Identification is usually 

undertaken by comparison of ante-mortem and postmortem dental records, when 

the identity of the deceased is suspected. In some cases however, when the 

identity of the body is not known, which means that no ante-mortem dental 

records or radiographs are available for comparison, age estimation can play a 

significant role in order to help narrow down possible identities, for example from 

the missing persons database (Metzger et al., 1980; Rai et al., 2006). 

The use of teeth to estimate an individual’s age can also sometimes be useful in 

the living. An example of this would be when teeth are used to estimate a 

suspect’s chronological age if he or she has no birth certificate or other legal form 

documenting his or her birth (Rai et al., 2006; Rai, 2008).  

The age estimation of persons younger than 21 years is usually more accurate.  

This is done by taking a radiograph of the individual’s jaw and comparing it to a 

chart showing the stage of the development of the dentition and the age associated 

with the course of this development (Metzer et al., 1980). 

In individuals older than 21 years, when the dentition’s development has been 

completed, age estimation becomes more complicated (Metzer et al., 1980; 

Vystreilova and Novotny, 2000). 

Teeth however continue to show several different age-related changes, even after 

the formation and development of the dentition is complete. These changes can 

then give an indication of the person’s dental age, which makes it possible to use 

this in the estimation of the individual’s chronological age. The tooth changes 

include attrition, change of the level of the periodontal attachment, secondary 
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dentine deposition, resorption of the root, apposition of cementum, translucency 

of the root and an increase in the roughness of the root surface. Caries free teeth 

need to be used for this age estimation to eliminate the secondary dentine 

deposition that takes place within the pulp chamber (as a result of the carious 

process) (Burns and Maples, 1976; Singh and Gorea, 2010; Willershausen et al., 

2012).
 
 

These changes are also affected by certain other factors including a person’s diet, 

eating habits, oral hygiene habits and medical history. The question then arises if 

it is possible that one method of age estimation can be accurate for all the people 

from around the world, even though their teeth will be affected and influenced by 

several different factors. 
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Chapter 2 Literature Review 

Chapter 2 

Literature Review 

2.1 Methods used for age estimation 

In the past, several different techniques for the estimation of a person’s dental age 

based on the facial and/or oral structures have been suggested. These include 

techniques based on morphological methods and those based on radiological 

methods. Some of the techniques can also be classified as invasive, which can 

mostly only be used in deceased individuals, and others as non-invasive, which 

can be used both in the living and the dead (Willershausen et al., 2012). 

This discussion will mainly focus on the morphological and invasive methods and 

techniques. 

2.2 Gustafson’s method of age estimation 

In the year 1950, Gustafson suggested the following method for the estimation of 

age using teeth. He used six age-related changes: 

 Attrition of the enamel and dentine 

 Change of the level of periodontal attachment  

 Extent of secondary dentine deposition within the pulp 

 Apposition of cementum on the root surface  

 Resorption of the root apex 

 The transparency or translucency of the root (Gustafson, 1950) 

Gustafson conducted his study in Sweden and used only Europeans. He applied 

his method to teeth that were extracted from persons of known age and then 

prepared into thin slices or sections. He used ground sections of 1.0 mm thickness 

to determine the translucency of the dentin and ground sections of 0.25 mm thick 

to determine the remaining five factors. Each of these changes in a specific tooth 

was then rated and given a value between 0 and 3. The sum of the values of each 
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change of each tooth, combined with the age of the individual (from whom the 

tooth was extracted) was then used to create a regression line. From this graph, the 

age of an unknown individual was then determined with reasonable accuracy 

(Gustafson, 1950; Metzer et al., 1980; Willerhausen et al., 2012). 

Gustafson used the following formula or equation for linear regression: 

Estimated age (in years) = 11.43 + (4.56 X overall value of added scores) 

(Gustafson, 1950) 

According to Gustafson, the average error in age estimation using this technique 

was about 3.63 years. He then also found that the estimation of an individual’s age 

is even more accurate if more than one tooth from that individual is examined 

(Gustafson, 1950; Metzer et al., 1980; Willerhausen et al., 2012).   

This study was however done only on Europeans from Sweden (Gustafson, 1950). 

Over the years numerous studies have been conducted in order to either prove or 

disprove Gustafson’s method of age estimation, as several researchers and 

investigators were convinced that there was an error in this method. Some of these 

researchers were of the opinion that Gustafson based his method on several 

assumptions that were most likely incorrect (Johanson, 1971; Maples, 1978; Senn 

and Stimson, 2010). These include the following: 

 Gustafson assumed that these 6 criteria were all equally accurate and 

effective in the process of age estimation (Johanson, 1971; Maples, 

1978; Senn and Stimson, 2010).  

 He assumed that the rates at which the individual criteria change, are 

equal, resulting in the method of just adding them together (Johanson, 

1971; Maples, 1978; Senn and Stimson, 2010).  

  Gustafson also assumed that the age information obtained from the 6 

different criteria is statistically independent, which was shown to be 

inaccurate (Johanson, 1971; Maples, 1978; Senn and Stimson, 2010).  

The 6 criteria used in Gustafson’s method of age estimation are also influenced by 

several different factors (other than aging) and may even have an influence on 
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each other, which Gustafson also did not take into account. These include the 

following: 

 Attrition can be influenced by bruxism, diet, morphology of the teeth 

and dental arches, the direction and force of masticatory movements 

and the number of teeth present in the mouth (Richards and Brown, 

1981; Ekfeldt, 1990; Cawson and Odell, 2002). 

 Secondary dentine can be influenced by attrition, abrasion, 

periodontal disease and mechanical injury or irritation caused by dental 

procedures and caries (Neville et al., 2002). 

 Periodontal attachment level can be influenced by periodontal 

disease (Cawson and Odell, 2002). 

 Cementum apposition can be influenced by periapical periodontitis, 

root resorption and whether or not the tooth is in function (Cawson and 

Odell, 2002). 

 Root resorption can be influenced by dental trauma, periapical 

periodontitis, excessive forces including mechanical forces caused by 

orthodontic forces and occlusal forces, hormonal imbalances and 

pressure from impacted teeth or benign neoplasms that press on the 

roots of adjacent teeth (Cawson and Odell, 2002; Neville et al., 2002).  

 Translucency can be influenced by periodontal infection and diseases 

of the pulp of the tooth (Singhal et al., 2010). 

Possibly as a result of these incorrect assumptions and additional influencing 

factors, most of these studies proved that this method was faulty, and resulted in 

several modifications to the original method (Bang and Ramm, 1970; Johanson, 

1971; Burns and Maples, 1976; Maples and Rice, 1979; Monzavi et al., 2003; 

Singh et al., 2004). 

2.3 Subsequent studies and modifications 

During the studies that were subsequently conducted, following that done by 

Gustafson, researchers modified one of three areas. Some of the researchers 
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modified the number of age related changes used in age estimation (Maples, 1978; 

Lamendin et al., 1992; Singhal et al., 2010). Another group of researchers 

changed the method in which the data collected was analyzed (Johanson, 1971; 

Burns and Maples, 1976) and others changed the specific tooth on which the study 

was conducted (Johanson, 1971; Burns and Maples, 1976; Monzavi et al., 2003). 

2.3.1 Age related changes in the studies 

Several researchers were of the opinion that it was unnecessary to use all 6 of the 

age related changes that were used by Gustafson. They were of the opinion that 

age could be estimated quite accurately by utilizing only some of these changes. 

These studies included the following: 

 Dalitz (1962), as cited by Lucy et al. (1996) and Sebecic et al. (2010), 

found in his study that the resorption of the root and the build-up of the 

cementum could, according to his findings, be excluded from 

Gustafson’s original method of age estimation without affecting the 

accuracy of the method. He also suggested that four of an individual’s 

anterior teeth should preferably be used in this process, although this 

did not necessarily result in a more accurate outcome of determination 

of age. In the process to determine age, his study showed a standard 

deviation of about six years (Dalitz, 1962; Lucy et al., 1996; Sebecic et 

al., 2010).  

 In 1970, Bang and Ramm decided to use only the translucency of the 

dentine of the root in their study. Their study proved that age could be 

fairly accurately estimated by continuously measuring the extent or the 

degree of root translucency alone. They created a curvilinear 

regression for each tooth to express the relationship between the 

individual’s age and the extent or degree of the zone of translucency. 

Their study found an average error in the estimation of age of 

approximately 4.7 years in about 58% of the cases they examined 

(Bang and Ramm, 1970; Lucy et al., 1996).  
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 Maples (1978) undertook a study to prove that fewer of the age-related 

changes or parameters could be used with similar or even improved 

accuracy for age estimation. He found that root resorption was the 

parameter with the weakest correlation with an individual’s age and 

that it is unwise to use it in the method of age determination. 

According to him, the amount of secondary dentine present and the 

transparency of the dentine of the root were the best indicators of an 

individual’s age. He also considered the second molar as the most 

useful tooth to utilize in the process to estimate age (Maples, 1978). 

 Solheim (1980) was involved in several different studies. In 1980, he 

undertook a study that made use of teeth that were in situ. He used 

eight different variables that included two for the level of periodontal 

attachment, two for the amount of attrition, two for the changes and 

estimation of the root colour and two for the length of the crown and 

the sex of the individual.  According to him, these changes could not 

be used separately and needed to be used in combination in order to 

achieve the greatest accuracy. He also found out that in most of the 

cases where the ages were over-estimated, the individual was younger 

than 40 years and in most of the cases where the ages were under-

estimated the teeth came from individuals older than 50 years (Solheim 

and Sundnes, 1980).  

 In 1992, a study was done by Lamendin et al. in which they used only 

two of the age-related changes originally used by Gustafson, namely 

the level of the periodontal attachment and the transparency or 

translucency of the root. They found an average error of about 10 years 

between the estimated age and the individual’s real age (Lamendin et 

al., 1992). 

 Vystreilova and Novotny (2000) evaluated the results obtained in the 

estimation of age where two different methods were used. They used 

Kilian’s method (1981) and that of Kashyap and Koteswara-Rao 

(1990). The method used by Kilian evaluated the six age-related 
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changes originally used by Gustafson and the method used by Kashyap 

and Koteswara-Rao evaluated only four of the age-related changes.  

This study found that the most accurate results for the estimation of 

age were obtained when all six of the age-related changes were 

included in the study and that the average error for the age estimation 

increased whenever one of these variables were not evaluated 

(Vystreilova and Novotny, 2000).  

 In 2010, Singhal et al. analyzed only the length and the area of 

transparency of the root dentine in individuals from whom their ages 

were known (Singhal et al., 2010). They based their study on the 

transparency of the root dentine which was considered an age-related 

change that showed the minimal response to pathological and 

environmental factors (Azaz et al., 1977; Gustafson, 1950; 

Nalabandian et al., 1960; Singhal et al., 2010). They concluded that the 

age of an individual could be accurately determined by using the 

length and the area of translucency or transparency found in the root’s 

apical section (Singhal et al., 2010).    

2.3.2 Other methods of data analysis 

 In 1971, Johanson made use of all six of the changes that Gustafson 

originally used. His study demonstrated that it was possible to detect 

half-stages in the degree or extent of these changes, which resulted in 

the fact that he used seven stages in his scoring system. He then 

calculated a regression line, by using multiple regressions, which could 

then be used to estimate or determine the ages of unknown bodies or 

individuals. He managed to predict an individual’s age to within a 5-

year timeslot in about 78% of the cases examined (Johanson, 1971; 

Lucy et al., 1996; Rai et al., 2007; Sebecic et al., 2010). 

 Burns and Maples (1976), made use of a point value system that was 

based on the method used by Gustafson. Their study however was 

done on creating a regression line separately for every tooth using a 

geometrical point or locus, which they found to be more accurate than 
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the single analysis used by Gustafson. They also considered the 

individual’s age, sex and race, the position of the tooth in the mouth 

and whether or not the person had suffered any form of periodontal 

disease in the past, as possible factors that could influence the changes 

originally used by Gustafson (Burns and Maples, 1976).    

 In 1979, Maples and Rice undertook yet another study on the basis that 

Gustafson’s method for the estimation of age was associated with 

multiple statistical mistakes or errors (Maples and Rice, 1979). They 

used multiple regression methods and proved that an error of nearly 

twice the value that Gustafson claimed, existed in the process of the 

estimation of age (as cited by Lucy and Pollard, 1995). They therefore 

derived a new, improved formula to estimate an individual’s age 

(Maples and Rice, 1979). The new formula was: 

Estimated age (in years) = (4.26 X overall value of added scores) 

+ 13.45 

They found an average error of about 7.03 years (Maples and Rice, 

1979).  

 Nkhumeleni et al. undertook a study in 1989 in an attempt to revise 

Gustafson’s method for the determination or estimation of age. They 

redrew the regression line originally created by Gustafson and also 

recalculated the formula that Gustafson originally published. Their 

results were identical to the result obtained by Maples and Rice in 

1979. According to the authors of this article, they found that the 

recalculated “new” formula is: 

Estimated age (in years) = (4.26 X overall value of added scores) 

+ 13.45 

This is the exact formula created by Maples and Rice (1979). 

Nkhumeleni et al. also found a standard or average error of about 7.03 

years, which again is identical to that found by Maples and Rice 

(1979). They discovered that in persons younger than 30 years, the 
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regression line created by Gustafson, under-estimated the individual’s 

age by about 1 to 2 years. In persons older than 60 years, the regression 

line over-estimated the age also by about 1 to 2 years (Nkhumeleni et 

al., 1989). 

 In 1990, Kashyap and Koteswara-Rao used the same continuous scale 

as that used in the study previously done by Bang and Ramm (1970) to 

measure the extent of the translucency of the dentine of the root, 

attrition, secondary dentine and apposition of cementum. They worked 

out a separate regression line for every type of tooth geometrical point 

(or locus) by using this point as a function of the age. The mean value 

of these separate age estimations was then used to calculate an 

individual’s age (Kashyap and Koteswara-Rao, 1990).  

 Lucy et al. undertook a study in 1995, which compared three of the 

above-mentioned methods for the determination of age in adults. They 

measured the six age-related changes originally used by Gustafson, and 

then used Maples and Rice’s version of the regression line (1979) 

originally created by Gustafson, the regression line created by 

Johanson (1971) and the regression line calculated by Bang and Ramm 

(1970) to estimate the individual’s age. They concluded that the most 

accurate results in the determination of an individual’s age can be 

obtained when more than one method for the estimation of age is 

combined (Lucy et al., 1995).  

 In 2013, Shrigiriwar and Jadhav undertook a study in India, using the 6 

parameters of Gustafson’s method of age estimation to estimate the 

ages of 80 cases. They added the scores of the 6 parameters and used 

the totals, in conjunction with the individual’s real age, to draw up a 

new regression line (Shrigiriwar and Jadhav, 2013). They also derived 

a new regression formula: 

Estimated age (in years) = (3.71 X overall value of added scores) 

+ 16.03 
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Using this formula, they found an average difference between the 

known and estimated age of ± 4.43 years, which was more than the 

3.63 years found by Gustafson (Shrigiriwar and Jadhav, 2013).  

2.3.3 Teeth used in the different studies 

 In 2003, Monzavi et al. undertook a study testing the accuracy of 

Gustafson’s method for age estimation on cadavers from Iran. They 

also found that the most accurate results were obtained when all six of 

the age-related changes were used and when the first premolar was 

used as the tooth for examination. Their study found an average error 

in the estimation of age of about 6.4 years. They also suggested that 

when teeth that dried out are used, as opposed to freshly extracted 

teeth, it could have an influence on the accuracy of the estimation of 

the individual’s age. An explanation for this occurrence was not put 

forward (Monzavi et al., 2003).  

 Also in 2003, Soomer et al. did a study using eight of the methods that 

were used in the past to estimate age in adults. These methods included 

those proposed by Bang and Ram (1970), Johanson (1971), Solheim 

(1980), Lamendin (1992) and Kvaal (1994) and entailed examining 

both in situ and sectioned teeth. The mean error of age estimation was 

assessed for every method. They found that more accurate results were 

obtained when teeth which were sectioned were used, as compared to 

teeth which were intact. The study concluded that every method for the 

estimation of age mentioned above provided a different mixture of 

precision, accuracy and procedure. According to the authors, every 

case of age determination should be evaluated and the method best 

suited for the particular situation chosen (Soomer et al., 2003).  

2.3.4 The different methods of age estimation compared 

 In 2006, Reppien et al. studied and evaluated seven of the different 

methods for the estimation of age. They most often applied the 

methods used by Bang and Ramm (1970) and that used by Gustafson 
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(1950) and Johanson (1971). They found a mean difference of 4.5 

years between the age that was estimated and the individual’s actual 

age and concluded that these methods were indeed reliable (Reppien et 

al., 2006).  

2.3.5 Gustafson’s method of age estimation replicated 

 Singh et al. (2004) undertook a study (in Patiala) in order to re-

evaluate the physiological age-related changes in teeth originally used 

by Gustafson. They found a mean difference of age of about 2.16 years 

between the estimated age and the individual’s real age. They also 

found that attrition had a larger influence in the males examined. 

According to Singh this method can be continued to be used in the 

estimation or determination of age (Singh et al., 2004).   

 Bajpai (2011) undertook a study in Jaipur, replicating Gustafson’s 

method of age estimation, to estimate the ages of 20 teeth (extracted 

from patients whose real age was known). He preferred to use canines, 

but premolars and incisors were also used. He used very strict 

exclusion criteria and excluded all patients with a drug and medical 

history, patients with trauma caused by occlusal forces and patients 

who presented with abnormal oral habits. Bajpai found a mean 

difference of 4.86 years between the real and the estimated ages, which 

was more than the mean difference of 3.63 years found by Gustafson 

(Bajpai, 2011).  

It is obvious that Gustafson’s method for the estimation of age is of great 

importance in forensic dentistry, and that it forms the basis for all the other 

subsequent techniques and methods that followed its development. The fact that 

the accuracy of this method has been disputed for several years cannot be ignored 

though. 

Many studies have been performed over the years in order to either prove or 

disprove this method. These studies were done in several different countries 

including Sweden (Gustafson, 1950), Scandinavia (Bang and Ramm, 1970; 
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Johanson, 1971), France (Haertig et al., 1985), Limpopo, South Africa 

(Nkhumeleni et al., 1989), Australia (Richards and Millar, 1991), Germany 

(Lampe and Roetzscher, 1994), China (Li an Ji, 1995), England (Lucy et al., 

1995), America (Pigno et al., 2001), Iran (Monzavi et al., 2003) and India (Rai et 

al., 2006; Shrigiriwar and Jadhav, 2013), to name just a few. None of these studies 

however were conducted in the Western Cape, in South Africa. 

Gustafson’s method of age estimation has been used on unidentified individuals at 

the Salt River and the Tygerberg medico-legal laboratories on a regular basis. The 

Western Cape does however have a population that is formed by numerous ethnic 

groups and cultures. A wide diversity in socio-economic circumstances, eating 

habits, oral hygiene habits and smoking habits also exist, which can all play a role 

in the age-related changes of a tooth.  

This begs the question: Is Gustafson’s method of age estimation of teeth accurate 

when applied to the people of the Western Cape? 
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Chapter 3 Aim, objectives and hypothesis 

Chapter 3 

Aim, objectives and hypothesis 

3.1 Aim 

The aim of this study is to determine the accuracy of Gustafson’s method of age 

estimation of adult teeth when applied to a sample of the adult population of the 

Western Cape. 

3.2 Objectives 

The objectives of this study are to: 

 Test the accuracy of Gustafson’s method of age estimation when 

applied to adult teeth from people of known chronological age of the 

Western Cape. 

 Evaluate the degree of accuracy of this method when applied to adults 

of the Western Cape. 

 Evaluate the consistency and uniformity of Gustafson’s method of age 

estimation by comparing the results found by two independent 

examiners. 

3.3 Hypothesis 

Gustafson’s method of age estimation does not fit the adult population group of 

the Western Cape.  
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Chapter 4 Methodology 

Chapter 4 

Methodology 

This study was conducted as a descriptive study, with an analytical component. It 

included two examiners, each of whom independently estimated the ages of the 

teeth collected. Both examiners used the same tooth sections prepared for each 

case, but at different times. One examiner incidentally had more experience using 

dental age estimation than the other. (The level of experience of the examiners 

was not of particular importance for this study.) There was no time limit allocated 

to the age-estimation process and each examiner could use the time that he/she 

required to complete each case. The examiners did not know the chronological 

age of the individual from whom the tooth was extracted. The chronological age 

was only revealed during the comparison of the estimated age with the real age. 

Caries-free central and lateral mandibular incisors (tooth numbers 32, 31, 41 and 

42) and maxillary central incisors (tooth numbers 11 and 21) were collected from 

the UWC Oral Health Centre at Tygerberg Hospital. These teeth were collected 

after they were extracted as part of routine dental treatment, which resulted in only 

a limited number of teeth available for the study. As a result, an additional source 

of teeth was used. Caries-free central and lateral mandibular incisors and 

maxillary central incisors were harvested from the dissected cadavers used in the 

Anatomy and Histology Department of the Faculty of Medicine and Health 

Sciences of the University of Stellenbosch. These teeth were harvested with 

special permission from Prof. B. Page, Head of the Anatomy and Histology 

Department of the Faculty of Medicine and Health Sciences of the University of 

Stellenbosch. 

Only caries-free mandibular central and lateral incisors (tooth numbers 32, 31, 41 

or 42) and maxillary central incisors (tooth numbers 11 or 21) extracted from 

patients or cadavers of known chronological age, who were between the ages of 

21 and 76 years, were included in this study. 
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Carious teeth, restored teeth, endodontically treated teeth and teeth that presented 

with either crown or root fractures were excluded from the study. Teeth that were 

extracted from patients or cadavers of unknown chronological age or extracted 

from patients younger than 21 years of age were excluded. 

The teeth were stored in labeled specimen jars containing 10% Formalin. The 

teeth that were collected from the UWC Oral Health Centre at Tygerberg Hospital 

were stored in specimen jars with labels that showed the patient’s name, sex, 

ethnic group, the date of birth, the date of extraction and the FDI tooth number of 

the extracted tooth (Appendix A.1). Each patient was also asked to complete a 

consent and information form (Appendix A.2) and received a separate information 

form to take home (Appendix A.3).  

(Note: The consent forms were only completed by the patients from whom the 

teeth were extracted. The consent forms were unnecessary in the cases where the 

teeth were harvested from the cadavers.) 

 The teeth harvested from the cadavers were stored in labeled specimen jars 

showing the cadaver number and the FDI tooth number of the extracted tooth. 

Details regarding the date of birth, date of death, sex and ethnic group of each 

cadaver were obtained from Mr. April from the Anatomy and Histology 

Department of the Faculty of Medicine and Health Sciences of the University of 

Stellenbosch. 

The teeth collected from patients were given random numbers for analytical 

purposes. The cadaver numbers were used for the teeth collected from the 

cadavers. The teeth were then sectioned in the long axis of the tooth (from the 

labial surface to the lingual surface), using the Isomet circular saw (Figure 1). The 

thickness of each section was standardized at 100μm. 
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Figure 1 Isomet circular saw used to cut the 

teeth. 

Figure 2 Tooth section mounted on a glass 

microscope slide. 

The tooth sections were subsequently mounted on glass microscope slides, 

embedded in DPX® (from Leica Microsystems) and covered with a glass cover 

slip (Figure 2).  

Age estimation of each tooth was then undertaken independently by the two 

examiners using the Gustafson’s method of age estimation (Appendix B). Using 

this method, the degree of attrition of enamel and dentine, change of the level of 

periodontal attachment, the extent of secondary dentine deposition within the 

pulp, the apposition of cementum on the root surface, the resorption of the root 

apex and the transparency or translucency of the root was given a value for each 

tooth. The range of the values was between 0 and 3, with the value 0 meaning the 

change is not present, and 3 meaning the change is severe (Gustafson, 1950; 

Metzger et al., 1980; Willerhausen et al., 2012). 

The regression line compiled by Gustafson was then used to estimate the age of 

the individual from whom the tooth was extracted (Appendix B.10). 

This estimated value was subsequently compared to the chronological age of the 

person from whom the tooth was extracted. The results of the comparisons were 
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statistically analyzed in order to determine the degree of accuracy of the 

Gustafson’s method of age estimation.  
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Chapter 5 Results 

Chapter 5 

Results 

A total number of 84 teeth were collected for this study, of which 29 teeth were 

excluded. The reasons for the exclusions are summarized in Table 1. 

Table 1 A summary of the reasons for exclusion of 29 teeth from the study. 

Number of teeth Reason for exclusion 

19 Date of birth of donor unknown 

4 Caries on teeth 

2 Patients did not sign consent forms 

1 Restoration on tooth 

2 Root fracture 

1 Patient younger than 21 years 

 

As a result, a total of 55 teeth were finally used to conduct the study. Of these 55 

teeth, 52 teeth were harvested from cadavers and 3 teeth were extracted from 

patients.  

The information obtained regarding the cadavers and patients from whom the 

teeth were harvested or extracted are summarized in Table 2. 

Table 2 The information obtained regarding the cadavers and patients from whom the teeth 

were harvested or extracted. 

 

Case 

Number 

Gender 
Ethnic 

group 
Date of birth 

Date of death/ 

extraction 

Tooth 

number 

K97-09 M C 6/18/1972 11/11/2007 41 

K84-10 M C 12/14/1969 6/12/2010 41 

K165-10 M C 9/30/1948 11/19/2010 31 

K06-11 M C 9/15/1973 12/28/2010 41 

K10-11 F C 6/19/1966 12/23/2010 41 

K13-11 F B 6/18/1963 12/15/2010 41 

K15-11 M B 1/28/1978 12/27/2010 31 

K18-11 F C 1/7/1935 12/22/2010 31 

K41-11 F C 1/26/1982 4/5/2011 41 

K43-11 F C 2/15/1979 4/15/2011 42 
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Case 

Number 

Gender 
Ethnic 

group 
Date of birth 

Date of death/ 

extraction 

Tooth 

number 

K44-11 M W 1/10/1963 4/15/2011 41 

K46-11 M C 11/5/1956 3/15/2011 41 

K47-11 M B 1/16/1947 3/28/2011 42 

K55-11 M B 5/3/1968 4/23/2011 41 

K59-11 M C 7/13/1977 5/13/2011 41 

K64-11 F C 12/25/1963 5/18/2011 41 

K72-11 M B 9/5/1975 5/7/2011 41 

K75-11 M B 1/5/1975 5/26/2011 31 

K80-11 M B 3/4/1973 6/18/2011 31 

K101-11 M C 7/14/1961 7/9/2011 11 

K102-11 M B 5/5/1962 7/9/2011 41 

K120-11 F C 1/30/1958 8/5/2011 41 

K125-11 M C 6/22/1972 8/24/2011 31 

K126-11 M C 8/2/1966 8/21/2011 31 

K161-11 M B 8/15/1963 11/15/2011 41 

K179-11 M C 12/1/1961 11/8/2011 41 

K3-12 M C 12/20/1969 12/11/2011 41 

K6-12 M C 10/5/1946 12/27/2011 42 

K13-12 M C 5/1/1955 1/11/2012 41 

K16-12 F C 3/17/1983 12/9/2011 41 

K17-12 M B 2/12/1960 1/19/2012 42 

K18-12 M C 12/1/1972 12/28/2011 41 

K20-12 M C 1/1/1963 12/14/2011 41 

K25-12 M B 10/10/1972 1/10/2012 41 

K27-12 M C 6/17/1945 1/25/2012 41 

K28-12 F B 1/1/1950 1/30/2012 32 

K31-12 M W 10/6/1966 2/10/2012 41 

K52-12 M C 3/21/1955 4/15/2012 41 

K60-12 F C 9/19/1990 4/30/2012 41 

K67-12 M C 1/1/1966 5/4/2012 41 

K74-12 F C 6/18/1979 5/30/2012 41 

K75-12 M C 6/25/1960 5/2/2012 31 

K77-12 F C 4/22/1980 5/12/2012 41 

K78-12 M C 3/26/1951 5/28/2012 31 

K79-12 F C 3/17/1963 6/2/2012 42 

K81-12 M C 5/23/1963 5/27/2012 41 

K83-12 M C 4/1/1953 6/2/2012 32 

K86-12 F C 10/23/1988 6/2/2012 41 

K87-12 M C 9/6/1988 6/6/2012 41 
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Case 

Number 

Gender 
Ethnic 

group 
Date of birth 

Date of death/ 

extraction 

Tooth 

number 

K98-12 M B 1/1/1970 6/18/2012 31 

K100-12 F C 7/13/1966 6/29/2012 41 

K147-12 M B 12/13/1956 9/22/2012 41 

P01-12 M C 9/8/1991 8/2/2012 11 

P03-12 M C 8/2/1960 11/14/2012 41 

P04-12 F C 7/5/1960 8/3/2012 41 

 

The age range of the tooth donors was between the ages of 21 and 76 years. The 

mean age of the sample was 45 years. Sixteen (16) of the donors were female and 

39 were male. Thirty nine (39) of the donors were of the Coloured ethnic group of 

the Western Cape, 14 of the Black ethnic group and only 2 of the White ethnic 

group.  

 

Figure 3 The distribution of the different ethnic groups found in the sample of this study. 

(Note: The ethnic grouping is according to the voter demographics of South 

Africa. These ethnic groups are also similar to the RSA Government 

categorization on the death certificates. As most teeth were harvested from 
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cadavers, the 3 cases where the teeth were extracted from patients were also 

categorized according to this categorization.) 

Gustafson’s method of age estimation was subsequently used (independently by 

the two examiners) to determine the ages of the donors from whom the teeth were 

extracted. The results obtained by both examiners using the 6 criteria specified in 

Gustafson’s method of age estimation are summarized in Table 3. The sum of 

these values for each case was then used to determine the estimated age. The 

estimated age of each donor was then compared to the chronological (real) age of 

that donor (Table 4). 

Table 3 The results obtained by the two examiners using the 6 criteria of Gustafson’s method 

of age estimation. 
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Case 

number 

Examiner Number 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 

K97-09 1 0.5 0.5 0.5 1 1 2 1.5 1 1 1 1.5 6.5 6 

K84-10 1.5 1 3 3 3 2.5 3 2.5 0 0 3 3 13.5 12 

K165-10 2.5 2.5 3 3 3 3 1 0.5 1 1 2 2 12.5 12 

K06-11 1 1 0.5 0.5 1 1 1 1 2 1.5 2.5 3 8 8 

K10-11 1 1 0.5 0.5 1 1 1 1 2 1.5 1.5 1.5 7 6.5 

K13-11 1.5 1 1 0.5 2 2 2 2 0.5 0.5 1.5 2 8.5 8 

K15-11 1 1 0.5 0.5 1.5 1 2 2 2 2 2 2.5 9 9 

K18-11 2.5 2.5 3 2.5 3 2 2 1.5 3 3 3 2.5 16.5 14 

K41-11 1 1 0.5 0.25 1 1 1 1.5 1 1 1 1 5.5 5.75 

K43-11 1 1 1 1 2 2 1.5 1.5 0.5 1 0.5 1 6.5 7.5 

K44-11 3 2.5 3 2.5 2 2 2 1.5 1 1.5 1.5 1 12.5 11 

K46-11 1 1 0.5 0.5 1 1 1.5 1 0.5 1 1 1 5.5 5.5 

K47-11 1 1 1 1.5 1 1 1.5 1 1 1.5 1.5 2 7 8 

K55-11 0.5 0.5 0.5 0.5 1.5 1 2 2 1 1 1 1.5 6.5 6.5 

K59-11 2 2 1 1 2 2 1 1 1 1 0.5 1 7.5 8 

K64-11 1 1 1 0.5 1.5 1 1.5 1.5 1 1 1 1.5 7 6.5 

K72-11 0 0 0.5 0.5 1.5 1 2 2 1 1 0 0.5 5 5 

K75-11 2 2 3 3 1 1 2 1.5 2 2 1 1.5 11 11 
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Case 

number 

Examiner Number 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 

K80-11 1.5 1 1 1 1.5 1.5 2 2 1 0.5 1 1 8 7 

K101-11 2 1.5 3 3 1 1 2 2 2 2 2 2 12 11.5 

K102-11 1 1 3 3 2 2 2.5 2 1 1 1 1 10.5 10 

K120-11 0.5 0.5 1 1 1 1.5 1.5 1.5 1 1 2 2 7 7.5 

K125-11 1 1 0.5 0.5 1.5 1 1 1 0 0 2.5 3 6.5 6.5 

K126-11 0 0 0.5 1 1 1 2 2 1 1 1 1.5 5.5 6.5 

K161-11 2 1.5 1.5 1 1.5 2 2 2 0 0.25 1 1.5 8 8.25 

K179-11 1.5 2 1.5 2 1.5 1.5 2 1 1 1 1.5 2 9 9.5 

K3-12 1.5 1 1 1 2 1.5 2 1.5 2 2 1 1 9.5 8 

K6-12 1 1 3 3 3 2.5 1.5 1.5 1.5 1.5 2 2 12 11.5 

K13-12 1.5 1.5 1.5 1.5 1.5 1 2 2 2 1 1.5 2 10 9 

K16-12 1 1 1 0.5 1 1 2 1.5 1 1 1 1 7 6 

K17-12 1 1 1 1 2 1.5 1 1 0.5 1 1 2 6.5 7.5 

K18-12 1.5 1 1.5 1.5 2 2 1.5 2 1 1 1 1.5 8.5 9 

K20-12 0 0 3 3 1.5 1 1.5 2 0.5 0.5 0.5 1 7 7.5 

K25-12 2 2 3 3 1.5 1 1 0.5 0 0 2 2 9.5 8.5 

K27-12 2.5 2.5 3 3 3 2 1.5 2 1 1 2 2 13 12.5 

K28-12 1 1 0.5 0.5 1.5 1.5 2 2 2 1.5 1.5 2 8.5 8.5 

K31-12 1 1 0.5 0.5 3 2.5 1.5 1 0.5 0.5 1.5 1.5 8 7 

K52-12 1 1 1.5 1.5 3 2.5 1.5 2 1 1 1.5 2 9.5 10 

K60-12 1 1 1 0.5 1 1 1 1 0.5 1 1 1 5.5 5.5 

K67-12 1.5 1 2 3 2 1.5 1 1 2 1 1.5 1 10 8.5 

K74-12 1 1 0.5 0.5 1.5 2 1 1 1 1 1.5 2 6.5 7.5 

K75-12 3 3 3 3 3 2 2 2 2 2 1.5 1.5 14.5 13.5 

K77-12 1.5 1 1 1 1 1 2 2 1 0.5 0.5 1 7 6.5 

K78-12 1 1 0 0.25 2 2 1.5 1 0.5 0.5 2 2 7 6.75 

K79-12 2 1.5 3 3 2 2 2 2 1 1 1 1 11 10.5 

K81-12 1 1 1 1 1 1 1 1 1 1 1 1.5 6 6.5 

K83-12 2.5 2.5 2 2 2 2 2 2 2 2 3 2.5 13.5 13 

K86-12 0 0.25 0.25 0.25 3 2 2 2 2 1.5 0 0.5 7.25 6.5 

K87-12 1 0.5 3 2.5 1.5 1 2 2 1 0.5 1.5 2 10 8.5 

K98-12 1 1 1 1 2 1 1 2 2 2 1 1 8 8 
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Case 

number 

Examiner Number 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 

K100-12 1.5 1 1 1 1.5 2 1 1 1 1 1 1.5 7 7.5 

K147-12 2 2 3 3 3 3 1.5 1 1 1 1.5 2 12 12 

P01-12 1 1 0 0.25 1 1 1 0.5 0.5 1 2.5 2.5 6 6.25 

P03-12 1.5 1 3 3 1.5 2 2 1.5 2 1.5 2 2 12 11 

P04-12 0.5 0.5 1.5 1.5 3 2 1 1 2 1 0.5 1,5 8.5 7.5 

 

Table 4 A comparison of the estimated ages (obtained using Gustafson’s method of age 

estimation) and the chronological (real) ages of the tooth donors. 

Case 

number 

Estimated age by 

Examiner Number Chronological 

(real) age 
1 2 

K97-09 44 41 35 

K84-10 80 72 40 

K165-10 75 72 62 

K06-11 51 51 37 

K10-11 46 44 44 

K13-11 54 51 47 

K15-11 57 57 32 

K18-11 94 83 76 

K41-11 39 40 29 

K43-11 44 49 32 

K44-11 75 67 48 

K46-11 39 39 54 

K47-11 46 51 64 

K55-11 44 44 43 

K59-11 49 51 33 

K64-11 46 44 47 

K72-11 36 36 35 

K75-11 67 67 36 

K80-11 51 46 38 

K101-11 72 70 50 
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Case 

number 

Estimated age by 

Examiner Number 

Chronological 

(real) age 

K102-11 65 62 49 

K120-11 46 49 53 

K125-11 44 44 39 

K126-11 39 44 45 

K161-11 51 52 48 

K179-11 57 60 49 

K3-12 60 51 42 

K6-12 72 70 65 

K13-12 62 57 56 

K16-12 46 41 28 

K17-12 44 49 51 

K18-12 54 57 39 

K20-12 46 49 48 

K25-12 60 54 39 

K27-12 78 75 66 

K28-12 54 54 62 

K31-12 51 46 45 

K52-12 60 62 57 

K60-12 39 39 21 

K67-12 62 54 46 

K74-12 44 49 32 

K75-12 85 80 51 

K77-12 46 44 32 

K78-12 46 45 61 

K79-12 67 65 49 

K81-12 41 44 49 

K83-12 80 78 59 

K86-12 47 44 23 

K87-12 62 54 23 

K98-12 51 51 42 

K100-12 46 49 45 

K147-12 72 72 55 

P01-12 41 42 20 

P03-12 72 67 52 

P04-12 54 49 52 
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When the estimated ages as calculated by Examiner 1 (using Gustafson’s method 

of age estimation) were compared to the chronological (real) ages of the donors, 

0% was accurate, 16.4% of the cases showed a difference of less than 5 years 

between the estimated and real ages, 23.6% with a difference of between 5 and 10 

years, 38.2% with a difference between 10 to 20 years and 21.8% showed a 

difference of more than 20 years (Figure 4). The mean of the differences (average 

error) between the real and estimated ages (for Examiner 1) was 13.7 years. The 

median was 13.0 years and the standard deviation was 9.38 years. 

 

Figure 4 The distribution of the percentages of the sample that shows the differences, in 

years, between the real and the estimated ages for Examiner 1. 

When the estimated ages as calculated by Examiner 2 (using Gustafson’s method 

of age estimation) were compared to the chronological (real) ages of the donors, 

0% was accurate, 25.5% of the cases showed a difference of less than 5 years 

between the estimated and real ages, 21.8% with a difference of between 5 and 10 

years, 38.2% with a difference between 10 to 20 years and 14.5% showed a 

difference of more than 20 years (Figure 5). The mean of the differences (average 

error) between the real and estimated ages (for Examiner 2) was 11.6 years. The 

median was 10.5 years and the standard deviation was 8.52 years. 
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Figure 5 The distribution of the percentages of the sample that shows the differences, in 

years, between the real and the estimated ages for Examiner 2. 

When examining the scatter plot (Figure 6) showing the difference between the 

real ages and the estimated ages on the one axis, and the real ages on the other 

axis, the ages were over-estimated in most cases by Examiner 1. The ages were 

over-estimated in all the cases where the donors were younger than 45 years of 

age. It is only in donors 45 years of age and older that Examiner 1 under-estimated 

the ages in 10 cases.  
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Figure 6 Graph showing the distribution of the cases where the real ages were over-estimated 

in 45 cases and under-estimated in 10 cases by Examiner 1. 

When examining the scatter plot (Figure 7) showing the difference between the 

real ages and the estimated ages on the one axis, and the real ages on the other 

axis, the ages were over-estimated in most cases by Examiner 2. The ages were 

over-estimated in all the cases where the donors were younger than 45 years of 

age. It is only in donors 45 years of age and older that Examiner 2 under-estimated 

the ages in 10 cases. 
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Figure 7 Graph showing the distribution of the cases where the real ages were over-estimated 

in 45 cases and under-estimated in 10 cases by Examiner 2. 

5.1 Statistical analysis 

 Using the Student’s t-test and p-value (Deacon, accessed 2013; Lowry, 

1999-2013) to compare the mean differences (between the estimated 

ages and real ages) as found by Examiners 1 and 2, it was established 

that there was not a statistically significant difference between the 

results found by Examiners 1 and 2, as the p-value > 0.05.  

n1 – sample size for Examiner 1 (55) 

n2 – sample size for Examiner 2 (55) 

x1 – mean found by Examiner 1 (13.7) 

x2 – mean found by Examiner 2 (11.6) 

ơ1 – standard deviation found by Examiner 1 (9.38) 

ơ2 – standard deviation found by Examiner 2 (8.52) 

ơd
2
 – variance of the difference between the means 
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ơd
2
 = (ơ1

2
/ n1) + (ơ2

2
/ n2) 

= (9.38
2
/55) + (8.52

2
/55) 

= 2.92 

ơd = square root of 2.92 

= 1.71 

t = (x1 – x2)/ ơd 

= (13.7 – 11.6)/1.71 

= 1.23 

When the t-table is entered at (n1 + n2 –2) degrees of freedom (Deacon, 

accessed 2013; Lowry, 1999-2013), a p-value of > 0.05 is found, 

which means the difference is not statistically significant. 

 Using the Student’s t-test and p-value (Deacon, accessed 2013; Lowry, 

1999-2013) to compare the mean differences (between the estimated 

ages and real ages) as found by Examiner 1 and Gustafson, it was 

established that there was a statistically significant difference between 

the results found by Examiner 1 and Gustafson, as the p-value < 0.05.  

n1 – sample size for Examiner 1 (55) 

n2 – sample size for Gustafson (41) 

x1 – mean found by Examiner 1 (13.7) 

x2 – mean found by Gustafson (3.63) 

ơ1 – standard deviation found by Examiner 1 (9.38) 

ơ2 – standard deviation found by Gustafson (3.63) 

ơd
2
 – variance of the difference between the means 

In the original study done by Gustafson, he found that both the average 

deviation (standard deviation) and the mean error were 3.63 years 

(Gustafson, 1950). 
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ơd
2
 = (ơ1

2
/ n1) + (ơ2

2
 / n2) 

= (9.38
2
/55) + (3.63

2
/41) 

= 1.92 

ơd = square root of 1.92 

= 1.39 

t = (x1 – x2)/ ơd 

= (13.7 – 3.63)/1.39 

= 7.24 

When the t-table is entered at (n1 + n2 –2) degrees of freedom (Deacon, 

accessed 2013; Lowry, 1999-2013), a p-value of < 0.05 is found. This 

means that there is a statistically significant difference between the 

mean error found by Examiner 1 and Gustafson. 

 Using the Student’s t-test and p-value (Deacon, accessed 2013; Lowry, 

1999-2013) to compare the mean differences (between the estimated 

ages and real ages) as found by Examiner 2 and Gustafson, it was 

established that there was a statistically significant difference between 

the results found by Examiner 2 and Gustafson, as the p-value < 0.05.  

n1 – sample size for Examiner 2 (55) 

n2 – sample size for Gustafson (41) 

x1 – mean found by Examiner 2 (11.6) 

x2 – mean found by Gustafson (3.63) 

ơ1 – standard deviation found by Examiner 2 (8.52) 

ơ2 – standard deviation found by Gustafson (3.63) 

ơd
2
 – variance of the difference between the means 

In the original study done by Gustafson, he found that both the average 

deviation (standard deviation) and the mean error were 3.63 years 

(Gustafson, 1950). 
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ơd
2
 = (ơ1

2
/ n1) + (ơ2

2
 / n2) 

= (8.52
2
/55) + (3.63

2
/41) 

= 1.64 

ơd = square root of 1.64 

= 1.28 

t = (x1 – x2)/ ơd 

= (11.6 – 3.63)/1.28 

= 6.23 

When the t-table is entered at (n1 + n2 –2) degrees of freedom (Deacon, 

accessed 2013; Lowry, 1999-2013), a p-value of < 0.05 is found. This 

means that there is a statistically significant difference between the 

mean error found by Examiner 2 and Gustafson. 
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Chapter 6 Discussion 

Chapter 6 

Discussion 

Gustafson’s method of age estimation is based on 6 criteria, namely attrition, 

secondary dentine, level of periodontal attachment, cementum apposition, root 

resorption and root translucency. As mentioned earlier in the literature review, the 

above-mentioned criteria are influenced by several different factors. These factors 

include bruxism, diet, number of teeth present in mouth, oral health and habits, 

orthodontic and occlusal forces and hormonal imbalances (Richards and Brown, 

1981; Ekfeldt, 1990; Cawson and Odell, 2002; Neville et al., 2002). 

All these factors that may possibly affect the different criteria used in Gustafson’s 

method, may result in an inaccurate estimated age. As most of the teeth used in 

this study were harvested from cadavers, it is impossible to know the specific 

individual’s diet, habits, life style and medical history. These different factors, 

together with the inaccurate assumptions made by Gustafson, may be the reason 

why there is such a major difference in this study between the estimated ages 

(calculated by using Gustafson’s method of age estimation) and the individual’s 

real age. Bajpai, who replicated Gustafson’s method of age estimation, excluded 

all patients with a history of traumatic occlusion, any drug or medical history and 

those with abnormal teeth or oral habits. As a result, the difference found in his 

study between the estimated and real ages were much smaller than the difference 

found in this study (Bajpai, 2011). 

The mean difference (average error) between the estimated ages and the 

chronological ages was 13.7 years for Examiner 1 and 11.6 years for Examiner 2, 

with standard deviations of 9.38 years and 8.52 years respectively. Gustafson 

claimed that the average error in age estimation using this technique was about 

3.63 years (Gustafson, 1950). There is clearly a statistically significant difference 

between the average error claimed by Gustafson and those found in this study (p-

value < 0.05). The results found in this study are also different from those found 

in other similar studies that were recently done by Bajpai, who found a mean 
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difference of 4.86 years between the estimated and chronological ages (Bajpai, 

2011) and Shrigiriwar and Jadhav who found a mean difference of ± 4.43 years 

(Shrigiriwar and Jadhav, 2013). These results support the hypothesis of this study 

and show that Gustafson’s method of age estimation is not applicable for the 

Western Cape’s adult population. 

This study also found that the ages were over-estimated in most cases by both 

Examiner 1 and 2, especially in the cases where the donors were younger than 45 

years of age. In donors 45 years of age and older, 10 cases were under-estimated. 

This is consistent with the results found by Solheim and Sundnes (1980). They 

also found that over-estimation of ages mostly occurred in individuals younger 

than 40 years and under-estimation in individuals older than 50 years of age 

(Solheim and Sundnes, 1980).  

Mandibular central and lateral incisors (teeth numbers 32, 31, 41 and 42) were 

mainly used in this study. Maxillary central incisors (tooth number 11) were used 

in two cases. The teeth chosen for this study usually are, together with the first 

permanent molars, the first permanent teeth to appear in the mouth. Mandibular 

central incisors (teeth numbers 31 and 41) usually erupt between the ages of 6-7 

years. Mandibular lateral incisors (teeth numbers 32 and 42) and maxillary central 

incisors (teeth numbers 11 and 21) usually erupt between the ages of 7-8 years 

(Ash, 1993; Proffit, 2000). Anterior teeth are usually more easily extracted than 

molars. 

The anterior permanent teeth are present in the mouth and exposed to the oral 

environment for the greatest length of time, and would presumably give the most 

accurate results when used in age estimation. Other studies have however used 

several different teeth and have proclaimed more accurate results than those found 

in this study. This includes studies done by Maples (1978) who used second 

molars, Monzavi et al. (2003) who used first premolars and Bajpai (2011) who 

used canines, premolars and incisors (in order of preference) (Maples, 1978; 

Monzavi et al., 2003; Bajpai, 2011).  

The different scores used in Gustafson’s method of age estimation are based on 

the examiners impression of the 6 criteria of the individual tooth as seen under the 
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microscope. As a result, inexperienced examiners find the method quite difficult 

to use. Inexperienced examiners are therefore usually more likely to obtain less 

accurate results. However, in this study, it was found that Examiner 2, who in 

actual fact had less experience than Examiner 1, was more accurate in the 

estimation of the ages. Although the difference between the results found by 

Examiner 1 and Examiner 2 were not statistically significant (p > 0.05), a method 

that uses scientific measuring devices to accurately measure the different criteria 

used in Gustafson’s method of age estimation need to be developed, which will 

help examiners to obtain an even more uniform result.  

The results support the hypothesis and prove that Gustafson’s method of age 

estimation is not applicable for the adult population of the Western Cape. 

The limitations of this study include the small sample size and the relatively small 

demographic area in which the teeth were collected. The small sample size is 

however due to the very strict exclusion criteria. The sample size (55 teeth) in this 

study is still larger than the sample size originally used by Gustafson (41 teeth) 

and more recently used by Bajpai (20 teeth) (Gustafson, 1950; Bajpai, 2011).  

It is possible that the distribution of the ethnic groups in the present study may be 

different if the sample size of the study and the demographic area, in which the 

teeth are collected, is larger. This in turn might have an effect on the accuracy of 

the method used to estimate an individual’s age. Further studies are therefore 

necessary which will ideally consist of a larger sample size and a wider 

demographic area in which the teeth are collected. 
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Chapter 7 Conclusion 

Chapter 7 

Conclusion 

Gustafson’s method of age estimation was derived more than 60 years ago and 

was based only on the teeth of Europeans. The present study was undertaken to 

test the hypothesis that the age estimation of Gustafson was not applicable to the 

population of the Western Cape. The results showed that Examiner 1 and 

Examiner 2 over-estimated the ages of 45 of the 55 individuals. Both examiners 

under-estimated the ages of 10 cases. All the cases where the ages were under- 

estimated were of individuals who were over 45 years of age. In the 45 cases 

where the ages were over-estimated the chronological age range was from 21 to 

76 years of age. No accurate age estimation was achieved on the sample by either 

examiner.  

The difference between the results found by Examiner 1 and Examiner 2 were not 

statistically significant (p > 0.05). The results of the two independent examiners 

were found to be consistently and uniformly inaccurate when attempting dental 

age estimation of the sample. 

When the mean difference between the estimated and the chronological ages as 

found by Examiner 1 and Examiner 2 were compared to the mean found by 

Gustafson, a statistically significant difference was shown (p < 0.05). This further 

proves that this method of age estimation is not accurate when applied to the 

people of the Western Cape. 
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7.1 Further research proposal 

 An extended study is necessary, which has to consist of a much larger 

sample size. The samples will also have to be collected from a wider 

demographic area. 

 A new method that utilizes scientific measuring devices to accurately 

measure the different criteria used in Gustafson’s method of age 

estimation need to be developed. 

 In this study, a new regression line will be drawn up, from which the 

ages of the adult population of the Western Cape can be accurately 

determined. It may be necessary to test the different ethnic groups 

separately and to possibly draw up an individual regression line for 

each ethnic group.  

 It will have to be determined which of the 6 criteria used in 

Gustafson’s method of age estimation are more important, appropriate 

and effective to accurately estimate the ages of the adult population of 

the Western Cape. 

 

 

 

 



38 

 

REFERENCES 

Ash M.M., 1993. Wheelers Dental Anatomy, Physiology and Occlusion. 

Seventh edition. Philadelphia, W.B. Saunders Company.  

Azaz B., Michaeli Y. and Nitzan D., 1977. Aging tissues of the roots of 

nonfunctional human teeth (impacted canines) Oral Surg Oral Med Oral 

Pathol., 43:572-578. 

Bajpai M., 2011. Age estimation using physiological changes of teeth. 

European Journal of Experimental Biology, 1(4): 104-108. 

Bang G. and Ramm E., 1970. Determination of age in humans from root 

dentine transparency.  Acta Odontol Scand., 28:3-35. 

Burns K.R. and Maples W.R., 1976. Estimation of age from individual adult 

teeth. Journal of Forensic Sciences, 21:343. 

Cawson R.A., Odell E.W., editors, 2002. Cawson’s essentials of Oral 

Pathology and oral medicine. Seventh edition. London: Churchill Livingstone. 

Dalitz G.D., 1962. Age determination of adult human remains by teeth 

examination. J. Forensic Sci Soc., 3: 11-21. 

Deacon J., accessed 2013. The Really Easy Statistics Site. Edinburgh. [Online] 

Available at http://www.archive.bio.ed.ac.uk/jdeacon/statistics/tress4a. 

Ekfeldt A., Hugoson A., Bergendal T. and Helkimo M., 1990. An individual 

tooth wear index and an analysis of factors correlated to incisal and occlusal 

wear in an adult Swedish population. Acta Odontol Scand., 48(5): 343-349. 

Gustafson G., 1950.  Age determination on teeth. J Am Dent Assoc., 41: 45-54.   

Haertig A., Crainic K. and Durigon M., 1985. Medicolegal identification by 

the dental system. Presse Med., 14 (9): 543-545. 

 

 

 

 

http://www.archive.bio.ed.ac.uk/jdeacon/statistics/tress4a


39 

 

Johanson G., 1971. Age determination from teeth. Odontologist. Revy., 22: 

supplement 21: 1-126. 

Kashyap V.K. and Koteswara-Rao N.R., 1990.  A modified Gustafson method 

of age estimation from teeth.  Forensic Sci Int., 47:237-247. 

Kilian J., Sidlo R. and Merglova V., 1981.  Age determination of individuals 

by teeth. Cesk Patol., 17 (3):33-42. (Original article in Czech). 

Kvaal S. and Solheim T., 1994. A non-destructive dental method for age 

estimation. J Forensic Odonostomol.,  Jun; 12(1):6-11. 

Lamendin H., Baccino E., Humbert J.F., Tavernier J.C., Nossintchouk R.M. 

and Zerilli A., 1992. A Simple Technique for Age Estimation in Adult 

Corpses: The Two Criteria Dental Method. Journal of Forensic Sciences, 

37(5): 1373-1379. 

Lampe H. and Roetzscher K., 1994. Age determination from adult human 

teeth. Forensic Odontology, 14:165-167. 

Leica Microsystems: Manufacturers and distributors of DPX Mounting Media 

& Section Adhesive. 

Li C. and Ji G., 1995. Age Estimation from the Permanent Molars in Northern 

China by the method of Average Stage of Attrition. Forensic Science 

International Journal, 75 (2-3): 189-196. 

Lowry R., 1999-2013. Concepts and Applications of Inferential Statistics. 

New York. [Online]. Available at 

http://www.vassarstats.net/textbooks/ch11pt1. 

Lucy D., Pollard A.M. and Roberts C.A., 1995. A comparison of three dental 

techniques for estimating age at death in humans. Journal of Archaeological 

Science, 22: 417-428. 

 

 

 

 

http://www.vassarstats.net/textbooks/ch11pt1


40 

 

Lucy D. and Pollard A.M., 1995. Further comments on the estimation of error 

associated with the Gustafson dental age estimation method. Journal of 

Forensic Sciences, Mar; 40(2): 222-227. 

Lucy D., Aykroyd R.G., Pollard A.M. and Solheim T., 1996. A Bayesian 

Approach to Adult Human Age Estimation from Dental Observations by 

Johanson’s Age Changes.  Journal of Forensic Sciences, Mar; 41(2): 189-194. 

Maples W.R., 1978. An improved technique using dental histology for the 

estimation of adult age.  Journal of Forensic Sciences, 23: 764-770. 

Maples W.R. and Rice P.M., 1979.  Some difficulties in the Gustafson’s dental 

age estimations. Journal of Forensic Sciences, 24 (1): 168-172. 

Metzer Z., Buchner A. and Gorsky M., 1980. Gustafson’s Method for Age 

Determination from Teeth – A Modification for the Use of Dentists in 

Identification Teams. Journal of Forensic Sciences, 25(4): 742-749. 

Monzavi B.F., Ghodoosi A., Savabi O. and Hasanzadeh A., 2003. Model of 

the Age Estimation based on the Dental Factors of the Unknown Cadavers 

Among Iranians. Journal of Forensic Sciences, 18 (2): 379-381. 

Nalabandian J., Gonzales F. and Sognnaes R.F., 1960. Sclerotic age changes 

in root dentin of human teeth as observed by optical, electron and X-ray 

microscopy. J Dent Res., 39:598-607. 

Neville B.W., Damm D.D., Allen C.M., Bouquot J.E., editors, 2002. Oral & 

Maxillofacial Pathology. Second edition. United States of America. W.B. 

Saunders Company. 

Nkhumeleni F.S., Raubenheimer E.J. and Monteith B.D., 1989. Gustafson’s 

method for age determination, revised. The Journal of Forensic Odonto-

Stomatology, 7(1): 13-16.   

Pigno M.A., Hatch J.P., Rodrigues-Garcia R.C., Sakai S. and Rugh J.D., 2001. 

Severity, distribution and correlates of occlusal tooth wear in a sample of 

 

 

 

 



41 

 

Mexican-American and European-American adults. International Journal 

Prosthodont., 14 (1): 65-70. 

Proffit W.R. and Fields H.W., 2000. Contemporary orthodontics. Third 

edition. St. Louis, Mosby.  

Rai B., Dhattarwal S.K. and Anand S.C., 2006 Five Markers of Changes in 

Teeth: An Estimating of Age.  The Internet Journal of Forensic Science, Vol. 

1, No. 2. 

Rai B., Dhattarwal S.K., Anand S.C. and Kharb S., 2007. Modification in 

Gustafson’s Method: Age Estimation. Medico-Legal Update, Vol.7, No.1 

(2007-01 – 2007-03). 

Rai B., 2008. Age Determination from Dental Root. The Internet Journal of 

Biological Anthropology, Vol. 1, No. 2. 

Reppien K., Sejrsen B. and Lynneryp N., 2006. Evaluation of post-mortem 

estimated dental age versus real age: a retrospective 21-year survey. Forensic 

Sci, Int., 159 (1): S84-88. 

Richards L.C. and Brown T., 1981. Dental Attrition and Age Relationships in 

Australian Aboriginals. Archaeology in Oceania, 16(2): 94 – 98. 

Richards L.C. and Millar S.L., 1991. Relationships between age and dental 

attrition in Australian aboriginals. American Journal Phys. Anthropology, 84 

(2): 159-164. 

Sebecic V., Hoch A. and Sabalic M., 2010. How to estimate dental age in 

paleodontology? Bull Int Assoc Paleodont., Vol. 4, No.1. 

Senn D.R. and Stimson P.G., editors, 2010. Forensic Dentistry. Second 

Edition. Boca Raton. CRC Press. 

Shrigiriwar M. and Jadhav V., 2013. Age estimation from physiological 

changes of teeth by Gustafson’s method. Med Sci Law., 53(2): 67-71.  

 

 

 

 



42 

 

Singh A., Gorea R.K. and Singla U., 2004. Age estimation from the 

physiological changes of teeth.  J Indian Acad Forensic Med., 26: 94-96. 

Singh A. and Gorea R.K., 2010. Age estimation by Gustafson’s method and its 

modifications.  J Indo Pacific Acad Forensic Odontol., 1(1): 12-19. 

Singhal A., Ramesh V. and Balamurali P.D., 2010.  A comparative analysis of 

root dentin transparency with known age.  J Forensic Dent Sci., Jan-Jun; 2(1): 

18-21. 

Solheim T. and Sundnes P.K., 1980. Dental Age Estimation of Norwegian 

Adults – A Comparison of Different Methods.  Forensic Science International 

Journal, 16(1): 7- 13. 

Soomer H., Ranta H., Lincoln M.J., Pentilla A. and Leibur E., 2003.  

Reliability and validity of eight dental age estimation methods for adults. 

Journal of Forensic Science, 48 (1): 149-152. 

Vystrčilova M. and Novotnỳ V., 2000. Estimation of age at death using teeth.  

Variability and Evolution, Vol.8: 39-49. 

Willershausen I., Försch M. and Willershausen B., 2012. Possibilities of 

Dental Age Assessment in Permanent Teeth: A Review. Dentistry S1:001. doi: 

10.4172/2161-1122.S1-001. 

 

 

 

 

 



43 

 

APPENDICES 

APPENDIX A Labels and Forms 

A.1 Label for Sample Bottle 
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A.2 Consent and Information form accompanying the sample 

bottle (English and Afrikaans) 
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A.3 Patient information forms (English and Afrikaans) 
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APPENDIX B Gustafson’s method of age 

estimation 

B.1 Attrition 

A1=early dentine attrition

A2=midway to pulp horn

A3=at pulp horn

A1/2=only in enamel
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B.2 Secondary dentin   

S1=1/2way between dentine 

and A/C junction

S2=at level of A/C junction

S3=entire pulp chamber 

obliterated with 

secondary dentine

 

(A/C junction = Amelo-cemental 

junction) 
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B.3 Level of periodontal attachment 

P0= PA at A/C junction

P1= PA just below 

A/C junction   

P2= PA down approximately 

1/3 of root

P3= PA down approximately 

2/3 of root

 

(A/C junction = Amelo-cemental 

junction)   

(PA = Periodontal attachment) 
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B.4 Cementum (A) 

C3 = Secondary cementum 

deposition extends to 

or close to the A/C 

juntion.                  

C2 = Secondary cementum 

deposition extends 

approximately 2/3 of 

the root.                  

C1 = Secondary cementum 

deposition extends 

approximately 1/3 of 

the root.

 

Secondary (or cellular) cementum 

deposition will start at the apex of 

the root and then extend towards 

the amelo-cemental junction (A/C). 
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B.5 Cementum (B) 

C3 = A thick layer of 

secondary cementum 

had formed at the 

root apex.

C2 = The layer of secondary 

cementum formed is 

substantial.

C1 = A thin layer of 

secondary cementum 

had formed at the 

root apex.

 

The deposition of cementum can 

also take place in the form of 

hypercementosis. A thick ball of 

cementum then forms at the apex 

of the root. 
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B.6 Root resorption 

R3=Large area of root (both 

cementum and dentin) affected                             

R2=More root resorption, found 

on greater area of root             

R1=Minor root resorption found 

on isolated parts of root   

R0=No visible root resorption                            
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B.7 Translucency (T1) 

A/C junction

T1= 1/3 of root length                                          

 

(A/C junction = Amelo-cemental 

junction) 
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B.8 Translucency (T2) 

T2= 2/3 of root length

 

(A/C junction = Amelo-cemental 

junction) 
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B.9 Translucency (T3) 

                  

 

(A/C junction = Amelo-cemental 

junction) 
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B.10 Gustafson’s regression line 
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