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Age Prediction in the Adult Based on the Pulp-to-Tooth
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SUMMARY: Estimation of age-at-death is an integral part of the identification process of individuals in many forensic odontology
cases where their identity cannot be determined by visualization or other ways. Dental age estimation in the adult ifengirg csal
most of the dentition is completely developed by 18 years of age. This study employs a mesio-distal (MD) pulp-to-toémratithia
neck of lower third molars (LM3) to provide an estimation of age at the time of radiographic imaging based on the wellekitoatptedp
volume tends to decrease with advancing age due to continued apposition of secondary dentine throughout adulthooddR\Gata¢of 1
beam computed tomography (CBCT) radiographs of LM3s for a random sample of 155 Jordanian Arabs (80 females, 75 males; age range
18-58 years, mean age= 28.2 years, SD =10.0 years) were used. Both pulp and tooth MD diameters were measured at thépaeek. MD pu
tooth ratios for LM3s were linearly regressed against age. Statistically significant negative association was found betiixgdnads
age at the time of imaging and the MD pulp-to-tooth ratio taken at the neck. Specifically, the strength of the associdtid8fiswhich
means only 13.0 % of the variation in age can be explained by the MD pulp-to-tooth ratio taken at the neck. Therefamesltdedtbat
MD pulp-to-tooth ratio taken at the neck of LM3s is not a reliable predictor of chronological age in adults, possiblyedagg®\hariation
in the timing of LM3 development.

KEY WORDS: Estimation of age-at-death; Forensic odontology; Archaeology; Paleontology; Dental age estimation; Third
molars.

INTRODUCTION

Accurate estimation of age-at-death of unknowimportance for age-at-death assessment of human skeletons
individuals from their body and/or dental remains is of cruciakcovered from archaeological contexts (Mattei, 2006).
importance in many forensic cases, where this informationoreover, dental age estimation is undertaken on the living,
is needed to help law enforcement officials in identifyingarticularly when birth data are missing or suspicious, for
the individual to whom the remains belong (Panchbhai, 20harious reasons such as school attendance, marriage,
Guptaet al, 2014; Vermaet al, 2014). Examples of such premature births, adoption, orthodontics, pediatric
cases include identification of the dead involved in criminaindocrinology, immigration, eligibility for some social
cases as well as the extremely mutilated victims of malsenefits, penal trials, and legal actions in cases such as rape
disasters such as natural catastrophes, accidents and kidnapping (Whittakar & McDonald, 1989; Ciapparelli,
homicidal attacks (terrorist bombing) (Gupetaal; Verma 1992; Camerieret al, 2004; Mabeet al; Camerieret al,
et al). In addition, dental age estimation is of cruciaP007; Masthan, 2009a,b).
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Teeth are the most durable structures in vertebrates Johnson’s method (Willems); Kvaat al (1995) pulp-
due to their high level of mineralization, and thus, in contragi-tooth ratio method; the coronal pulp cavity index method
to the other parts of the body including the skeleton, a(Brusini, 2008); a method based on occlusal tooth wear (Yun
very resistant to organic decay as well as to peri- amd al, 2007); a method based on incremental lines of
postmortem destruction by external factors such as fire acementum with claimed accuracy of 2-3 years (Aggaeival
severe traumas (Tobias, 1991; Ciapparelli; Holdeal, al., 2008); third molar development-based methods, such as
1995; Babakt al, 2008; Carvalh@t al, 2009; Masthan, that of Harris & Nortjé (1984) and by Van Heerden (1985);
2009a). In addition, dental remains sometimes are the omtyaddition to other techniques based on dentin translucency
source of information for age estimation especially whefiorentsen & Solheim, 1989) and aspartic acid racemization
the other parts of the body are extremely damaged to a dediRéz-Timme et al, 2000; Avon, 2004). In general, the
where they are no longer adequate to provide the foundatimethods based on attrition and third molar development are
for accurate analyses, such as skeletal elements-based@sidered unreliable for adult age estimation, while the ones
assessment methods (Guetal; Vermaet al). Moreover, based on occlusal tooth wear, pulp-to-tooth ratios,
age estimation based on tooth formation is generaligcremental lines of cementum are considered reliable, and
considered more accurate than those based onskeleh& most accurate of these so far are those based on dentin
development and maturation—at least for children andanslucency and aspartic acid racemization (Gapt;
adolescents—as odontogenesis is under greater genetic ddarmaet al.).
trol and hence is less influenced by environmental and
nutritional factors as well as endogenous disturbances such  In general, the age estimation methods that are based
as disease and hormonal changes (Ciapparelli; Willent pulp-to-tooth ratios including the coronal pulp cavity
2001; Ardakankt al, 2007; Babaet al; Carvalhoet al; index, whether two-dimensional (Kvaet al; Drusini) or
Masthan, 2009a). volumetric (Vandevooret al, 2004; Yanget al, 2006) are
considered reliable and can be taken as a guide for age
There are a number of accurate methods commorpyediction in the adult (Kva&it al; Vandevooret al; Yang
used for dental age estimation in human fetuses amtl al.; Drusini; Achary & Sivapathasundharan, 2009;
newborns, such as the method of Kraus & Jordan (19689asthan, 2009a). In contrast, the reliability of age estimation
and others (Whittakar & McDonald; Masthan, 2009a,b)n adults using the methods based on third molar
These methods rely on the degree of calcification amtkvelopment is questionable due to the great variation in its
development of the primary dentition and the first permanedévelopment (Panchbhai; Gumhal; Vermaet al). Olze
molar, over the period from 4 months in utero until the enet al (2005) compared the validity of the use of a number of
of the first year of age. methods adopting third molar development as an age
predictor for the adult, especially when the question is
There are also many more approaches for dental agbether the individual is under the age of 18 years or not.
estimation in children and adolescents with approximafehe methods compared were those of Gleiser & Hunt (1955),
accuracy of 1.6 years (Vern&t al). Examples of these Demirjianet al (1973, 1999), Gustafson & Koch (1974),
methods include those of: Schour & Massler (1941NHarris & Nortjé and Kullmamt al (1992). They found that
Moorreeset al (1963), Demirjiaret al (1973, 1999), and the Demirjian method was the most accurate one for this
Nolla (1960). These methods are generally based on therpose. So far, as mentioned earlier, the most precise
degree of tooth calcification and the timing of a number ahethods reported for age prediction in the adult in forensic
morphologically distinct developmental stages, such as firgbntexts are the ones based on dentin translucency (Lorentsen
evidence of calcification, crown completion, eruption& Solheim) and on aspartic acid racemization (Ritz-Timme
emergence, and root completion. There are also methadsal; Avon).
based upon measurements of open apices and they can be
used with relative accuracy in children and adolescents It is well known in dentistry that there are two types
between five and 15 years of age (Cameriral, 2006; of physiologic dentin; primary dentin, which is deposited
Rai & Anand, 2007). before root formation is complete, and secondary dentin,
which is formed after root completion and continues to be
However, dental age estimation in adults is generalfprmed throughout life (Panchbhai). The direction of growth
considered more challenging. This is because most of tfoe both of these types is toward the center of the tooth and
dentition has completed development by young adulthod@nce, at the expense of dental pulp size. Bodecker (1925)
(Panchbhai; Vermat al). Nevertheless, there are numbefound that the amount of secondary dentin apposition to be
of approaches used for this purpose, such as Gustafsqusitively correlated with the chronological age of the indi-
method (Gustafson, 1950); the modified Gustafson’s methedtual. In 2008 Drusini argued that age has greater influence
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on secondary deposition than attrition or irritation as momange of socio-economic background in order to insure the
secondary dentin is normally deposited on the floor of threpresentativeness of the sample employed to the geographic
coronal pulp cavity than on the roof. Thus, it is expectagbpulation being investigated. That is due to the likelihood
that the age of the individual can be reliably estimated frothat economically advantaged sample exhibit patterns of
the total dentin thickness relative to the dental pulp diamet@evelopment—including odontogenesis and secondary
at the same cross sectional tooth level. dentin apposition—that differ from those suffering from
long-standing undernutrition.
The aim of the present study is to investigate the
reliability of estimating the chronological age of adult The selected individuals ranged in age from 18 to 58
individuals based on the pulp-to-tooth diameter ratio at thyears (SD= 10.0), with an average age of 28.2 years.
neck of lower third molars (LM3). Neck level was choseindividuals included in the sampling frame included those
because at this level the thickness of both the enantkat met the following criteria: 1) healthy with no history of
covering the crown dentin and the cementum covering tserious illnesses that may adversely affect tooth
root dentin come down to feather edge thickness (i.development, 2) no developmental anomalies, such as
approaching zero). Thus, measuring tooth diameter at thetodermal dysplasia, facial clefts or craniofacial syndromes,
neck is technically the total dentin thickness minus puland 3) and possessing impacted or erupted third molars but
diameter. Third molar teeth were chosen for this studyot in occlusion, of normal appearance, and unaffected by
because of their relative availability as sound teeth. caries and/or attrition. It is noteworthy to mention that third
molars in occlusion were excluded from the sample because
it is not clear whether the rate of dentin growth in impacted
MATERIAL AND METHOD or erupted teeth but not in occlusion, which is often the case
among third molars, is same as that of teeth in normal
occlusion, given that no previous studies have addressed this
The sample upon which this study is based consiggsiestion. Medical and dental records were checked for each
of a random sample obtained in 2016 by selecting 155 coparticipant to bolster the accuracy of the selection criteria.
beam computed tomography (CBCT) radiographs of lowénformed written consent was obtained from all individuals
third molars that belong to 155 living Jordanian individuale/ho chose to participate in the study. Appropriate ethical
(80 females and 75 males) who attended the Dental sectagproval for this type of study was obtained from the
of the Jordan University Hospital. All of these CBCTauthorized body, the Ethical Committee of Jordan University
radiographs were taken for other therapeutic reasons. Ithigspital/University of Jordan, prior to the commencement
noteworthy to mention that the Dental section of the Jordan the study.
University Hospital is one of the main referral centers for
third molar teeth extraction in the capital city of Amman, Each tooth image was cross-sectioned at the level of
where about half the population of Jordan reside, and white neck. For each cervical cross-sectional image, the mesio-
has a large proportion of its residents originally belongindistal (MD) diameter of the pulp and the MD diameter of
to other geographic areas of Jordan, according to the 2ah& tooth were measured using the computer-compatible
Population and Housing Census conducted by thHeone beam CT program. The ratio between these two
Department of Statistics in Jordan. In addition, it isliameters was calculated for each tooth. The measured MD
noteworthy to mention that the dental care at this centénoth diameter was the greatest distance between the mesial
although relatively expensive, is accessible to all referrethd distal surfaces of the tooth image cross-sectioned at the
patients regardless of their socio-economic status and thimexk. Likewise the MD diameter of the pulp was the greatest
mainly due to the fact that almost all the expenses are covedistance between the mesial and distal peripheries of the
by various types of medical insurance, and even those wholp taken at the same cervical cross-section. All
do not have such insurance, have access to have the expemszsurements were rounded to the nearest 0.01 millimeter.
of their treatment covered by a special royal fund. Thus,
even the poor who live in Amman are aware of, and have One well-trained examiner recorded all of the
access to, this relatively expensive dental care. As such, theasurements employed in the present investigation to
authors believe the sample utilized in this study is likelgliminate errors due to inter-observerdifferences.
representative of the living Jordanian population as a wholeurthermore, all cross sectional images used in the present
In this regard, it is noteworthy to mention that it is importargtudy were re-measured by the same assessor. SPSS Intra-
in such studies which investigate the correlation betweetass Correlation Coefficient (ICC) statistic was used to
decrease in pulp size and age, to make sure that the employealuate the reliability of the measurements conducted on
sample ought to include individuals that belong to a widthese images.
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SPSS, Ver. 17.0 was used to analyze the dataal population groups (Ciapparelli; Ole¢ al; Kuritai et
Pearson’s correlation test was used to assess the strengthl 9f2007; Achary & Sivapathasundharan). Thus, it is
the correlations between age to the ratio between MD puigcommended that any dental age estimation method, even
and tooth diameters at the cervical cross-sections. fime most reliable ones, should be calibrated to the local
accordance with Cicchetti (1994) absolute values gfopulation concerned prior to its application, so that potential
Pearson’s correlation coefficient ranging between 0-0.3%/er- or underestimation of age can be minimized
were regarded as weak, 0.40-0.59 as moderate, 0.60-0.74Gimpparelli; Olzeet al.; Kuritai et al.; Achary &
strong, and 0.75-1 as very strong correlation. CorrelatioSsvapathasundharan). In this regard, it should be underlined
were considered statistically significant if p-values were leskat age estimation in forensic cases, in contrast to clinical
than 0.05. situation, is required to be of optimal accuracy, as potential

over- or underestimation of age might lead to a failure of

The CBTC images of the lower third molar teeth ofustice (Ciapparelli; Ardakanét al.; Karjodkar, 2009;
the participants in the present study are currently availatf@anchbhai). As such, the following requirements are
at the School of Dentistry of the University of Jordan.  mandated for the purpose of age estimation in forensic

context: obtaining appropriate radiographs and specimens
from the subject, the obtained material should be similar to
RESULTS the one used in the selected age prediction method so that
direct and valid comparisons can be conducted, selection of
the appropriate age prediction method is based on one's

The ICC, which is used in the present study to assessderstanding of the method and its suitability to the subject,
intra-observer differences and is read as the degreehmsides understanding and compliance with the legal
association between measurement sessions, was 0.85 rfgguirements (Ciapparelli; Panchbhai).

0.000) and 0.87 (p= 0.000), respectively, for the two

mensurational variables used in the present study (i.e. LM3  As the method of the present study relies on

MD tooth diameter, LM3 MD pulp diameter). This indicatedmeasurements conducted on cone beam CT radiographs, it

for both variables, excellent correlation between the twis considered more advantageous than the ones that rely on

measurement sessions, and that the intra-observer error wasroscopic measurements obtained by histological section

random and statistically insignificant. and thus criticized for being invasive and inappropriate for
age prediction in the living and in some cases of the dead.

A statistically significant, but weak negative
correlation was found between the LM3 pulp-to-tooth ratio Because of the limited sample size (80 females, 75
at the neck and the individual’s age at the time of imagingales) of the present study, males and females could not be
(r=-0.361, p= 0.015). Hence, linear regression establishddalt with separately. It is noteworthy to mention in this
that LM3 pulp-to-tooth ratio at the neck can predict theegard that in some forensic cases the sex of the deceased
individual’'s age at the time of imaging with statisticaindividual cannot be identified due to severe peri- or
significance, however, the individual's age at the time gfostmortem damage to the skeleton and soft parts of the
imaging accounted only for 13.0 % of the explainetbody; however, teeth often survive such damage. In such
variability in LM3 pulp-to-tooth ratio at the neck. cases, we believe age estimation would be more accurate

when conducted by using methods or surveys that do not
deal with males and females separately. In this regard, it is
DISCUSSION worth noting that Van Heerden compared third molar
development between males and females and found no
significant differences between them. The majority of den-

It is generally agreed within the field of forensictal age assessment methods and surveys do not treat the two
odontology that optimum estimates of age can only tsexes differently, and are thus applicable to both sexes.
achieved through a multifactorial approach; that isgxceptions of these include those of Demirgaal (1999),
employing as many valid methods and techniques of den&dlari & Abramovitch (2002) and Nolla which treat the two
age assessment as applicable to the specific case (Panchiskais differently.

Guptaet al; Vermaet al).
According to the coefficient of correlation (r=-0.361),

In addition, it is also well known that dentaland then the correlation between age and the pulp/tooth value
development shows variation between individuals of this not strong. In addition, the coefficients of determination
same population and between individuals of different regigR squared= 13.0 %) for the regression equation is very low
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and means that only 13 % of the variation inage can B&CKNOWLEDGEMENTS

explained by the MD pulp-to-tooth ratio taken at the neck

of the tooth.Therefore, in this situation, a serious and

unavoidable bias affects the estimates of the model Itis also  This work was supported by the School of Dentistry
known that age-estimation equations derived from inversd the University of Jordan. This research did not receive
regression analysis (as is the method employed in this studyly specific grant from funding agencies in the public,
is highly influenced by the age composition of the sampleommercial, or not-for-profit sectors.

on which regression was performed (reference sample), when

correlation is not strong enough (Jr|<0.9, according to Bocquet-

Appel & Masset, 1982). This is known as the “age mimicrALSOLEIHAT, F.; AL-SHAYYAB, M. H.; KALBOUNEH, H.;
problem”. Generally, age estimation derived from such ahl-ZER, H.; RYALAT, S.; ALHADIDI, A.; SAOUD, H.;
equation tends to underestimate ages when reference sangpl8WEESH, A. 1, AL-OMOUSH, S. A. & KHRAISAT, A.

is dominated by young individuals, and overestimate thefjediccion de edad e? el a.dl]flto. basada en la proporcion pﬁlpa-a-
when refere_nce.sample is dominated by old indiyidgals: T C%en;ﬁrihfﬁﬁ:;ﬁﬂ?;;;ﬁg; Z%r;séglnfswd'o porTC de haz de
degree of this bias depends on how much age distribution oP

the population from which the target of age estimation RESUMEN: La estimacion de la edad es una parte inte-
originates (target population) differs from that of referencgral del proceso de identificacion de los individuos, en muchos
sample. The age distribution of reference sample is so yousisos en odontologia forense donde la identidad no puede ser de-
in this study (mean: 28.2, range: 18-58 years old) that targetminada por visualizacién u otras formas. La estimacion de la
population should often distribute older than this agedad dental en el adulto es ain mas dificil ya que la mayor parte de
distribution in actual cases (perhaps especially in forendfedenticion se desarrolla completamente a los 18 afios de edad.
cases), and then those equations will predictably tend f5€ €studio emplea una relacion mesio-distal (MD) de pulpa a
underestimate the target ages. In addition, Aykrey/al lente tomada a nivel del cuello de los terceros molares inferiores

1997 dthatl ) del d . (LM3) para proporcionar una estimacion de la edad en el momen-
( ) noted that linear regression models tend to overestim e la imagen radiogréafica basada en que el volumen de pulpa

age in juveniles and underestimate it in adults. Thereforeiilnge a disminuir con el avance de la edad debido a la continua
is important in such situations to make clear the possible biaggsicion de la dentina secundaria a lo largo de la edad adulta. Se
and restrict the range of application to certain cases wheggaminaron un total de 155 radiografias de LM3 en una muestra
for example, the possible age range can be expected toatstoria de 155 arabes jordanos (80 mujeres, 75 varones), rango
below 40 by other age estimation methods. However, if thile edad = 18-58 afios, edad media = 28,2 afios, DE = 10,0 afios.
option would make the method valueless, another option migktPecificamente, la fuerza de la asociacion es r=0,361, lo que sig-
be a Bayesian approach. Besides, if the large variation of thii{jc@ que sélo el 13,0 % de la variacion en la edad puede explicar-
molar in its shape and/or timing of the development are to Be POr la proporcion pulpa-a-diente.
the primary d_isturbance, using another type of tooth wi.th PALABRAS CLAVE: Estimacion de la edad a la muer-
smaller variation may have to be considered as an alternatiy@.odontologia forense; Arqueologia; Paleontologia; Estima-

cién de la edad dental; Terceros molares.
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