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RESUMEN

La correlacion entre la reduccion de la cavidad
coronal pulpar y la edad cronolégica ha sido estudiada en
una muestra de 846 dientes intactos procedentes de 433
individuos de sexo y edad conocidos. La radiografia pano-
ramica ha sido utilizada para medir el largo (mm) de la
corona (CL=coronal length) y el largo (mm) de la cavidad
coronal pulpar. El indice dentario “Tooth coronal index”
(TCI) segun lkeda et al. (1985) ha sido calculado por cada
diente para determinar la edad real del individuo con el
método de la regresion. Los coeficientes de regresion
varian de -0.92 (molares, muestra total, lado derecho) a
-0.87 (molares femeninos) con un $. E. de estimacion de
5.88 a 6.66 anos. Las correlaciones son mas altas en los
varones respecto a las mujeres. Las ecuaciones obtenidas
lograron estimar la edad en una muestra de 100 dientes
(no utilizados en la regresion) con un error de * 5 afios
en el 81.4% de los casos por los molares masculinos. El
estudio ilustra el valor potencial de un método que puede
ser utilizado para estimar la edad en individuos vivos y
material esquelético de edad desconocida.

Palabras clave: indice coronal pulpar, edad, adultos, odontologia
forense.
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ABSTRACT

The correlation between the reduction of the
coronal pulp cavity and the chronological age was
examined in a sample of 846 intact teeth from 433
individuals of known age and sex. Panoramic (rotational)
radiography was used to measure the length (mm) of the
tooth crown (CL=coronal length) and the length (mm) of
the coronal pulp cavity (CPCL=coronal pulp cavity length).
The tooth-coronal index (TCI) after lkeda et al. (1985) was
computed for each tooth and regressed on the real age of
the sample. The correlation coefficients ranged from -0.92
(molars, combined sample, right side) to -0.87 (female
molars), with a S.E. of the estimate ranging from 5.88 to
6.66 years. Correlations were slightly higher in males than
females. The obtained equations allowed estimation of age
in a sample of 100 teeth of both sexes (not used for the
regression) with an error of = 5 years in 81.4% of cases
for the male molars. This study shows the potential value
of a little-known aging method, which can be easily used to
estimate age both in living individuals and skeletal material
of unknown age in a forensic context.

Key words: Coronal pulp cavity index, age, adults, forensic
odontology.
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INTRODUCTION:

Among the numerous methods of age estimation on the basis of teeth, the progressive
madification of the coronal pulp cavity has received far less research attention than, for example, has
attrition (Brothwell, 1989; Benfer and Edwards, 1991; Lovejoy et al., 1985; Miles, 1958, 1963;
Nowell, 1978; Smith, 1984; Solheim, 1988; Takei, 1984; Tomaru et al., 1993; Walker et al., 1991;
Wei and Feng, 1984) and root dentine transparency (Bang, 1989; Bang and Ramm, 1970; Burns
and Maples, 1976; Drusini, 1991; Drusini et al., 1991; Johanson, 1971; Lamendin and Cambray,
[981; Lamendin et al.,, 1990; Lamendin et al., 1992; Pilz, 1959; Solheim and Sundnes, 1980;
Solheim, 1989, 1993). Other promising methods of age determination from teeth concern cemen-
tum annulation (Charles et al., 1986; Condon et al., 1986; Grofskopf, 1990; Lipsinic et al.,|986;
Lorton, 1988; Naylor et al., 1985; Stott et al., 1982), counting of cross-striations and Striae of
Retzius in juveniles (Huda and Bowman, 1994 and 1995), and aspartic acid racemization (Helfran
and Bada, 1975, 1976; Masters, 1986; Ogino et al., 1985; Ogino and Ogino, 1988; Ohtani and
Yamamoto, 1987, 1991, 1992; Ritz et al., 1990, 1993). Fluorescence from dentine and cementum
(Kvaal and Solheim, 1989) still need more investigation.

After a review of the literature, Résing et al. (1998) stated that the best method of age
determination from teeth is the cement ring count, both for reliability and for general applicability. A
close competitor is racemization, which is roughly comparable in accuracy, but not in applicability,
and is best suited for fresh corpses; moreover, the method is influenced by the temperature condi-
tions during the time after death. As a matter of fact, both methods are quite time expensive and
require some sophisticated laboratory equipment. Then, other easy methods are to be explored for
practice in historic and prehistoric anthropology as well as forensic osteology (Schmidt, 2008);
recently, Harris (2008) published a paper on statistical applications in dental anthropology, and
Liversidge (2008) and Schmidt (2008) revisited the dental age estimation methods.

Since 1925 Bodecker identified the apposition of secondary dentine as being related to
chronological age. Detailed studies of the pattern and rate of secondary dentine apposition in upper
anterior teeth were performed by Philippas and Applebaum (1966, 1967, 1968), but without the
goal of estimating age at death. The secondary dentine deposition was included in the method pio-
neered by Gustafson's (1950), where the dentine transparency and the secondary dentine values
showed the highest correlation with age, as the following studies of Johanson (1971), Maples (1978),
and Metzger et al. (1980) have demonstrated. Other authors, as Nalbandian and Sognnaes (1960),
were also of the opinion that it was necessary to include the secondary dentine for estimating age.
Some authors on the contrary argued that secondary dentine changes have not proven useful as a
biomarker for systemic aging (Lamendin et al., 1990; Morse, 1991).

Secondary dentine begins to form once the tooth crown is fully formed, the tooth is in
occlusion and the root complete (Costa, 1986). Dentine formation does continue throughout life,
and layers of secondary dentine (also known as regular secondary dentine: Berkovitz et al., 1992)
are continuously deposited by odontoblasts lining the pulp chamber. Since regular secondary denti-
ne is laid down at the pulpal end of the primary dentine, the pulp cavity decreases in size with age
(Gustafson, 1950; Balogh, 1957; Philippas, 1961; Johanson, 1971; Hillson, 1986; Morse, 1991;
Berkovitz et al., 1992; Solheim, 1992). The pattern for the secondary dentine deposition varies
among different teeth: for example, in molars the greatest dentine deposition is on the floor of the
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pulp chamber, and lesser amounts are deposited on the occlusal and lateral walls (Philippas and
Applebaum, 1967, 1968; Morse, 1991). As regular secondary dentine is deposited in larger
amounts on the floor of the pulp chamber than on the roof, some authors suggested that age has a
greater influence than does attrition or irritation on secondary dentine formation (Philippas and
Applebaum, 1966; Berkovitz et al., 1992). As a matter of fact, changes in the structure of dentine
may be also related to noxious or pathological stimuli, which include caries, traumatic occlusion and
temperature extremes (Bang, 1989). Where dentine is subjected to acute damage, as for example
dental caries, some of the underlying odontoblasts die, while others lay down a repair tissue. This
irritation or response dentine is often known as irregular secondary dentine, and sometimes refe-
rred to as tertiary dentine (Berkovitz et al., 1992).

Therefore, there are two types of secondary dentine, one of them is laid down conti-
nuously with increasing age (regular secondary dentine), and the other (irregular or tertiary dentine)
is dependent on pathological conditions (Robinson and Boling, 1952; Philippas, 1961; Johanson,
1971; Berkovitz et al., 1992). Regular secondary dentine usually contains fewer dentinal tubules dis-
persed regularly through it and may be difficult to distinguish from the primary dentine. On the other
hand, to distinguish the two types of secondary dentine is relatively easy: in the irregular secondary
dentine the tubules are few in number, as in regular secondary dentine, but they are irregularly
arranged (Hillson, 1986; Berkovitz et al., 1992). Worn and unworn teeth from the same mouth
tend to show the same amount of regular secondary dentine (Burns and Maples, 1976).
Occasionally, small isolated bodies of dentine (denticles, Pindborg, 1970; Morse, 1991) form within
the pulp chamber.

As the pulp cavity diminishes in size the amount of secondary dentine can be used for age
determination. Ito (1972, 1975) took note of the change in the form of the anatomical crown and
the constriction of the coronal pulp cavity. Buccolingual sections of a thickness of 1.0 mm were pho-
tographed with a Softex, CMR type, with secondary voltage of 90 V, secondary electric current of 5
mA, and an exposure time of 10 seconds. The film used was a Softex Film FG. Ito calculated the
areas of the enamel, coronal dentine and coronal pulp cavity of 302 permanent teeth (excluding the
third molar), representing the respective area ratio as a tooth-crown index:

enamel area + area of coronal pulp cavity x|100

tooth-crown index = ;
area of coronal dentine

lto (1972, 1975) found a negative correlation between the tooth-crown index and the real
age ranged from -0.38 (molars) to -0.63 (anterior teeth), with a standard error of the estimate ran-
ging from 8.6 to 6.7 years. Haertig and Durigon (1978) compared the method of lto with the
method of Gustafson and found than the former was not more precise even if considered more
rigorous from the theoretic point of view.

In 1985, lkeda et al. took X-ray photographs of | | 6 extracted human teeth (53 incisors and
63 molars), and made their quadruple size prints. On the prints, he measured the lengths of the
coronal pulp cavity and crown and calculated the tooth-coronal index:

length of coronal pulp cavity x 100
length of the crown

toot-coronal index =

The index decreased with increasing age, with a very high correlation coefficients: -0.91 for
the incisors (S.E. = 6.06), and -0.93 for the molars (S.E. = 5.73). In a previous study Drusini (1993),
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following in part the lkeda et al. method (intact teeth instead of sections were used) confirmed the
negative correlation between tooth-coronal index and age on 68 premolars and 98 molars: the
correlation coefficients ranged from -0.73 (female molars) to -0.89 (female premolars). The aim of
this paper is to verify the method of lkeda et al. (1985) with a higher number of teeth from indivi-
duals of known sex and age and to test the regression equations on a sample of teeth not used for
the regression. As a matter of fact, neither Ito nor lkeda et al. have tested the method for age esti-
mation on a control sample.

Beginning in 1991, a research based on a total sample of 1806 human teeth of known sex
and age belonging to 1304 individuals of both sexes was carried out in the laboratory of physical and
forensic anthropology of the University of Padua (ltaly). The research mainly concerned two
methods for age determination in unknown human bodies and skeletons. The correlation between
the amount of root dentine transparency (RDT) and chronological age was first examined in a sam-
ple of 366 intact teeth from 295 individuals of known sex and age. Correlations, especially for ante-
rior teeth (incisors and canines) were slightly higher in females than males, even if neither the slopes
nor the Y intercepts of the regression lines were significantly different. Linear regression analysis to
predict age separately for males, females and the total sample resulted in standard errors of estima-
te ranging from 8.88 to | 1.46 years (Drusini, 1991; Drusini et al., 2000). RDT was measured by
two techniques: |) computerized densitometric analysis and 2) vernier caliper. Age estimations
based on computerized densitometric analysis were no more accurate than were those determined
by caliper measurement: both give a predictive success of = 5 years in about 45-48% of cases for
premolars. The television-based digitization system has some disadvantages: it is expensive, not por-
table, and requires some training to be used. However, it furnishes a more standardized method, a
rapid graphic illustration of the results, and an immediate storage of statistical information for future
use (Drusini et al., 1991).

In 1993, soft X-ray photos of 68 premolars and 98 molars from 102 males and 64 fema-
les were taken to measure the length (mm) of the crown (CL) and the length of coronal pulp cavity
(CPCL). Then, the coronal index Cl=CPCLXI00/CL after lkeda et al. (1985) was computed for
each toot and regressed on the actual age of the individuals to obtain equations that allow estima-
tion of age in unknown bodies and isolated teeth (Drusini, 1993). The correlation coefficients ran-
ges from -0.73 (female molars) to -0.89 (female premolars). No significant differences were obser-
ved in age estimation using sex-specific equations.

MATERIAL AND METHODS:

The sample consisted of panoramic X-ray photos of 846 intact teeth (425 premolars and
421 molars) from 433 Caucasian individuals (213 males and 220 females) of known sex and age
from Veneto region of Northern Italy. The age of the individuals ranged from 9 to 76 years with a
mean age of 34.68 for the males, and 34.33 for the females. Panoramic X-ray photographs were
provided by private radiologists, dentists and hospitals. As the panoramic (rotational) radiography
technique is higly standardized, teeth coming from various laboratories does not represent a pro-
blem for the interpretation. In essence, the panoramic radiography is a tomography of a curved
layer, with the X-ray tube and the film rotating around the patient (Langland et al., 1982; Poyton,
1982). The advantages of using panoramic X-ray photographs, compared to the lkeda et al. (1985)
method, are: |) cutting the teeth is not necessary; 2) panoramic X-ray is a very common dental-test,
so a large casuistry can be examined in a short time; 3) all the mandibular and the maxillary teeth
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are on one film; 3) gross lesions (fractures, unerupted teeth) are readily visible. Panoramic X-ray
show a lack of detail in comparison with the intraoral radiography, especially for the anterior teeth,
and the projection can only be taken at one angle. On the basis of these remarks, we decided to
consider only the posterior teeth where the pulp chamber is normally fully visible, disregarding all
the pathological specimens.

For each radiograph we considered mandibular premolars and molars (excluding the third)
of the mandible only, because mandibular teeth are more visible than the maxillary ones. We chose
the side where the pulp chamber was more visible. The following measurements (in mm) were
taken independently on the photographs by two observers, using a digital caliper to the nearest
0.01 mm: length of the crown (CL), and length of the coronal pulp cavity (CPCL). Then, with
the mean of the two measurements, the tooth-coronal index (TCI) for each tooth was calcula-
ted as follows (Fig. 1):

Figure 1.- Digital caliper (0.01 mm). CH= (Coronal Height); CPCH= (Coronal Pulp Cavity Height); TCI= Coronal
Index). N = 846 teet of known sex and age. r = -0.89 (Pm); -0.91 (M); E.S. = 6,47 years (Pm); 6,32 years(M).

CPCL x 100
TCl = L

The use of an index obviate the need to standardize the tooth size on the photographs.
We divided the teeth in two groups: premolars and molars, for the statistical analysis. Simple linear
regression using STATISTICAT™ package of the Statsoft, Inc. was carried out by regressing the pro-
portional coronal pulp cavity length (TCI) on the actual age for each group of teeth, for males and
females, and for the combined sample. We used 375 premolars (178 male and 197 female) and 37|
molars (182 male and 189 female). We calculated the TCl also in young individuals (under 20) in
order to fix the upper limit of the CPCL. Finally, 100 teeth not included in the regression analysis
were used as a test sample.

RESULTS:

Table | shows the extent of the TCI by age category. Replicate measurements were nearly
identical, with an inter-observer error of 3.8%. Means, medians, ranges, and standard deviations for
males, females, and the combined sample are also compared. As suggested by Lovejoy et al. (1985),
the inaccuracy (mean absolute error) and bias (mean error) for each decade in the three samples
for the two types of teeth are also provided (Table Il). These tests are necessary since the correla-
tion coefficient as a measure of association is influenced by the age range and composition of the test
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sample which normally differs for each analysis. The simple linear regression results are shown in
Table lll. The correlations were significant especially for molars in males (r = -0.92, r2 = 0.85). The
deviations, i.e. true age minus the predicted value of the regression line, were slightly smaller for
males. Figure 2 shows the scatterplots and the regression lines of age (Y) and the TCI (X) values for
premolars (combined sample).

The regression equations are as follows:
Premolars

.Y =77.617 - 1.4636X combined sample

2.Y =79.679 - 1.5356X males

3.Y = 75,523 - 1.3896X females
Molars

4.Y = 76.073 - 1.4576X combined sample

5.Y =77.747 - 1.5066X males

6.Y = 73.846 - 1.3906X females

The regression equations were tested on a random sample of 100 teeth (50 premolars and
50 molars) not used for the regression analysis. Three equations were used: one for the males, one
for the females and one for the sexes combined. Results are shown in Table IV. The best estimation
were obtained for the male molars, with an error of = 5 years in the 81.4% of the cases. No sig-
nificant difference do exists between the teeth of the right and the left side, and between first and
second premolar and first and second molar.

Figure 2.- Scatterplot and regression line of age on TCI values for premolars (combined sample).

DISCUSSION AND CONCLUSION:

The length of the coronal pulp cavity shows a significant correlation with individual chrono-
logical age: the coefficients of correlation we found for molars are practically the same of lkeda et al.
(1985). The better correlations of the molar group may be related to a lower resolution of the
panoramic radiography for the premolars, where the pulp chamber upper limits are sometimes less
visible. Sex of the individual appears to have no significant influence on age determination using
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tooth-coronal index, so that sex-specific formulae are not necessary for age determination in speci-
mens of unknown sex. The panoramic technique is no better than the intraoral films, but the possi-
bility to have on one film all the teeth of both dental arches represents undeniably an advantage, so
one can also compare the TCl trend of all groups of teeth in the same individual. The index obvia-
tes the need to standardize the tooth size on the photographs, so dental X-ray obtained with diffe-
rent techniques can be used. The coefficients of correlation are higher in comparison with the coef-
ficients obtained with the analysis of root dentine transparency on a sample of teeth from the same
population (Drusini, 1991; Drusini et al., 1991).

The tooth coronal index is then a reliable biomarker for age assessment in living individuals
of unknown personal data for human biology studies, and also in the forensic context. This method
may also be applied to estimate age in archaeological specimens using both TCl, tooth wear and
other age estimation methods for comparison.

Recently, in collaboration with the Anthropology Department of Lodz (Poland), from age
estimation procedures we chose two for comparison: one of them is the standard method based
on root dentine transparency (RDT); the other one is based on tooth coronal index (TCI). The
material consisted of X-ray photographs and longitudinally sectioned teeth of 276 individuals (174
males and 102 females) of known age. The comparison shows that the poorly known TCI method
is at least as precise as the most widely applied and acknowledged procedure based on longitudinal
sections of teeth (Zadzinska et al., 2000).

This method may also be applied to estimate age in archaeological specimens using both
TCl and tooth wear and other age estimation methods for comparison. We tried to estimate the
age at death in a sample of skeletons of both sexes from Longobard age (568 - 756 d.C.), recove-
red during the Dueville and Sovizzo (North-East Italy) excavations carried out in 1990-1997 and
2000-2002. The estimated age was concordant with the basic age markers of the skeletons
currently used by forensic anthropologists (Tables V, VI, VII, VIII).
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TABLE I.- Percentage extent of the tooth-coronal index (TCI) by age and sex. Measurements are in mm.
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TABLE II.- Results of inaccuracy and bias tests.
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TABLE lIl.- Equations predicting age (Y) from proportion of tooth-coronal index (X) by type of tooth, side, and
tooth position for males, females, and sexes combined.
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TABLE IV.- Age estimation (years) on a test sample of 50 premolars and 50 molars
of known age and sex from the recent sample (RS).

TABLE V.- Age estimation (years) on a test sample of 50 premolars and 50 molars of
known age and sex from the historical sample (HS).
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TABLE VI.- Age estimates on the premolar test sample. Estimate A, age estimate with the formula for
the combined sample. Estimate B, age estimate with the sex specific formulae.
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TABLE VII.- Age estimates on the molar test sample. Estimate A. age estimate with the formula for
the combined sample. Estimate B, age estimate with the sex specific formulae.
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TABLE VIII.- Age of death (years) stimated on 59 skeletons of
Longobards of both sexes using the Coronal Pulp Cavity Index.
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