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ABSTRACT

Objective: One of the techniques of estimating age
in forensic medicine, which is associated with the
least trauma in both living individuals and corpses,
is to use teeth. Accordingly, the present study aims
to determine the relationship between chronological
age and pulp-to-tooth area ratio and pulp-to-root
width ratio in maxillary and mandibular canines
on panoramic radiographs among the Iranian
population. Material and Methods: A total of
162 panoramic radiographs were evaluated in the
present study. Selected patients were of verified
age with the age range of 15-45 years. The pulp-to-
tooth area ratio (PTR) and the pulp-to-root width
ratio were calculated with AutoCAD 2016 software
program in maxillary and mandibular canines at two
points of the root. The two points include cemento-
enamel Junction (CEJ) and pulp/root width at the
quarter of a distance between CEJ and end point of
root-canal, which was named WA, WB respectively.
The patients’ age was also estimated with the use
of linear regression equation. Then each patient’s
chronological age and the age estimated using this
technique was compared. Results: The relationship
between PTR in both canines and WB variable in
maxilla with chronological age was inverse and
significant (P < 0.05); However, there was no strong
correlation coefficient (r<- 0.37). Gender had no
effect on the results of the study. The mean difference
between predicted age and actual age with combined
PTR and WB formula was lower than 1 year. When
the mean of PTR or WB variables was considered
as a predictor, significant results were obtained (P
< 0.05), showing a decrease in Standard error of
estimation (SEE). The results were not significant
when variables of upper PTR and lower PTR and
the interaction between them were included in the

RESUMO

Objetivo: Uma das técnicas de estimativa da idade na
medicina legal, que estd associada ao menor trauma
em individuos vivos e caddaveres, é usar os dentes.
Nesse sentido, o presente estudo tem como objetivo
determinar a relacdo entre a idade cronolégica e a
relacdo area polpa-dente e relacéo largura-polpa-raiz
em caninos superiores e inferiores em radiografias
panoramicas na populacido iraniana. Material e
Métodos: Um total de 162 radiografias panoramicas
sdo avaliadas no presente estudo. Os pacientes
selecionados sdo da idade verificada com a faixa
etaria de 15-45 anos. A relacdo de area polpa-dente
(PTR) e a relacdo largura-polpa-raiz sdo calculadas
com o programa de software AutoCAD 2016 em
caninos superiores e inferiores em dois pontos da
raiz. Os dois pontos incluem a juncdo cemento-
esmalte (CEJ) e a largura da polpa / raiz no quarto
de distancia entre a CEJ e o ponto final do canal
radicular, que é denominado WA, WB. A idade dos
pacientes também € estimada com o uso da equacdo
de regressdo linear. Em seguida, a idade cronolégica
de cada paciente e a idade estimada usando esta
técnica sdo comparadas. Resultados: A relacdo entre
a PTR em ambos os caninos e a varidvel WB na maxila
com a idade cronoldgica é inversa e significativa (P
<0,05); No entanto, ndo existe um coeficiente de
correlacdo forte (r<- 0.37). O género ndo tem efeito
nos resultados do estudo. A diferenca média entre
a idade prevista e a idade real com a combinacdo
de PTR e férmula WB ¢ inferior a 1 ano. Quando a
média das variaveis PTR ou WB é considerada como
preditora, resultados significativos sdo obtidos (P
<0,05), mostrando uma diminuicdo no SEE. Os
resultados ndo sdo significativos quando as variaveis
de PTR superior e PTR inferior e a interagio entre
elas sdo incluidas no modelo de regressdo linear
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linear regression model (p > 0.05). Same results
were obtained with the variable of WB. Conclusion:
Combining the variables of PTR and WB gives better
results than using variables alone. Estimation of age
with the mean of each variable shows less error than
their combination.
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(p> 0,05). Os mesmos resultados sdo obtidos com
a variavel de WB. Conclusdo: Combinar as varidveis
de PTR e WB da melhores resultados do que usar
varidveis sozinhas. A estimativa da idade com a
média de cada variavel apresenta menos erros do que
sua combinacéo.

PALAVRAS-CHAVE

Determinacdo da idade; Canino;

panoramica.

Radiografia

INTRODUCTION

stimation of an individual’s age during his/

her life is an important issue in forensic
medicine. In cases where it is necessary to
determine an individual’s age, such as in crimes,
accidents, illegal immigration with unknown
age and identity or when an individual’s age is
not known for any reason, such as memory loss,
and etc., determination of age is a very sensitive
issue [1, 2].

Different medical techniques have been
used to estimate age to date. One of these
techniques relies on the individual’s dentition.
Teeth have the hardest structure in the human
body and are the most resistant parts to the use
of medications, endocrine diseases and chemical
and thermal changes, making them an ideal
tissue for the estimation of age in both living
individuals and corpses [3].

The first effective method for estimating
age in corpses using teeth was introduced
by Gustafson in 1950, which consisted of
determination of the amount of secondary
dentin [4]. some of the different techniques used
for the estimation of age using teeth are the use
of tooth structure, observation of tooth collagen,
Lamendin technique, and etc., which have some
limitations [5]. Some of these limitations are the
complexity and the potential to destroy tooth
structure and the need for extraction of teeth,
making them unpractical in living individuals

[6].

In contrast, radiographic techniques of
age determination by teeth are a simple, non-
destructive and reliable method [7] that do
not require extraction of teeth, being practical
in living individuals [8] . In two-dimensional
radiographic techniques, such as periapical and
panoramic techniques, it is possible to calculate
the pulp-to-tooth area ratio and pulp-to-root
width ratio.

Kvaal et al. (1995) wused periapical
radiographs of 6 teeth, consisting of 3 maxillary
and 3 mandibular teeth. They indirectly
determined the amount of secondary dentin
deposition with the use of pulp-to-tooth area
ratio on periapical radiographs for the first time
and reported a significant relationship between
the amount of secondary dentin deposited and
an individual’s age [9] . However, Paewinsky et
al. (2005) modified the technique used by Kvaal.
They used panoramic radiographs instead of
periapical radiographs for the estimation of age
and showed a significant relationship between
the pulp-to-root width ratio at different areas
of the root and the chronological age [10] .
Some researchers have reported that given
the limitations of evaluation of maxillary teeth
on panoramic radiographs, it is advisable to
evaluate mandibular teeth for the estimation of
age. These limitations include superimposition
of adjacent structures and maxillary teeth and
a lack of image resolution and sharpness [11] .
However, some researchers have used maxillary
canines for estimating age regardless of such
limitations [12-17] .
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In 2007, Cameriere et al. recommended
future researchers to investigate “the effect of
race and culture in model parameters” for age
estimation by pulp/tooth Ratio [18]. Indeed,
others have also advocated the verification of
age estimation methods on independent samples
and some have concluded that best results are
derived when population specific formulas are
used [9, 19] . Babshet et al. and Saxena found
that Cameriere’s formula, based on the Italian
population, is not as applicable to the Indian
population [9, 11] .

Age estimation  with  panoramic
radiography among Iranian population has been
studied in some studies; however, comparison
of upper and lower canine results with pulp-
to-tooth area ratio in Dehghani et al. (2018)
and pulp-to-tooth area ratio and width ratios
together in the Iranian population in this study
can answer this question that which tooth/
teeth and ratio/ratios are more accurate for
age estimation in this population [15, 20-22]
. For this reason, this study aims to estimate
chronological age with pulp-to-tooth area ratio
and width ratios of upper and lower canines
on panoramic radiographs among Iranian
population.

MATERIALS AND METHODS

This study approved by ethical committee
of Qazvin University of Medical Sciences with
ethical number of IR.QUMS.REC.1395.162.
Sample size was calculated according to the
following formula:

7252
d2

n =

$=0.039; z=1.96; d=0.006; n=162

Adult patients referring to the Oral and
Maxillofacial Radiology Department, Qazvin
Faculty of Dentistry, for routine dental treatment
from 2016 to 2017 entered the study based on
inclusion criteria. These criteria in the clinical
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examination were age over 15 years, lack of
any developmental, hormonal and nutritional
deficiencies, lack of any specific dental disease
or anomaly such as obvious caries, dental wear,
size or shape malformations, deep or open bite
occlusion, history of dental trauma and so on.
People over 45 years were excluded from the
study because most of the clinically examined
subjects showed different grades of attrition.

The radiographs were evaluated for
sharpness of the relevant teeth, contrast and
brightness. Radiographs with severe curvature
of the root, widespread enamel overlapping, any
shape of root or crown fillings, and pathologic
conditions, such as caries, periapical or
periodontal diseases, and crown or root fractures
were excluded from the study. Finally, a total
of 162 panoramic radiographs of these patients
(57 males and 105 females) were selected.

According to the study by Kvaal et al.,
right and left side results of the jaw didn’t have
any significant differences [9].Consequently;
the analytic study was carried out on two teeth
irrespective of the right or left side.

Cases with overlapping maxillary canines,
only mandibular canine was included. The teeth
evaluated consisted of 99 maxillary canines and
142 mandibular canines in 105 women and 57
men.

The panoramic radiographs were taken
by Ray Scan digital panoramic devise, with
KVP of 69-80, mA of 9-13 and duration of
13.6-14 seconds. Panoramic images were
processed using the AutoCAD software of
2016developed by Autodesk on a Sony laptop,
model VPCEA24FM.Observer allowed to justify
contrast and brightness of the images before
measuring processes.

Twenty random points on the tooth
periphery and ten points around the pulp outline
of the upper and lower canines were identified
[22]. Pulp area was then evaluated (Figurel:
a-c).
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The pulp length and root length were
measured. The width of the root and pulp
was measured at 2 different levels, one at the
cemento-enamel junction(CEJ) and the second
at the quarter of a distance between CEJ and
end point of root-canal (9) (Figurel: d-f). All
measurements were done by a single observer,
who was a general dentist. In order to evaluate
the measurements’ reliability, 20 radiographs
were randomly selected to be compared with
maxillofacial radiologist measurements.

E} WINDOWAREACOLOR
{3} CROSSINGAREACOLOR

Figure 1 - a-c: Shows area measurement of the tooth and
pulp, d-f: Shows root length, root width and, pulp width
measurements at the fourth distance of this length respectively
(point B).

Statistical analyses

The following tooth ratios were recorded:
PTR = pulp /tooth area ratio, WA = pulp/
root width ratio at CEJ level, and WB = pulp/

Age estimation by pulp/tooth area and width ratios in panoramic images of

upper and lower canines among the Iranian population

root width ratio at the quarter of a distance
between CEJ and end point of root-canal.
Statistical analysis was performed by means of
SPSS-21.0 program. Test distribution of sample
was done with the Kolmogorov—Smirnov test
and was confirmed (P > 0.05). T-test was also
used to measure means’ equality and Levene’s
test was used to investigate variances’ equality
of data. Group statistics between males and
females was done with T-test according to
morphological variables. Pearson correlation
coefficients between chronological age and the
predictive variables were also calculated. Linear
regression is performed between each variable,
combination of variables and actual age as a
depended variable. In addition, P < 0.05 was
considered significant. T-test was used to paired
differences between actual age and predicted
age.

RESULTS

Females and males comprised 64.8% and
35.2% of the subjects, respectively. The age range
of the subjects was 15-45 years, with a mean
age of 28 =+ 7.5 years. Frequency distribution
of samples is shown in Table I. T-test results
showed that there was no significant difference
between morphological variables of males and
females (P > 0.05).

Table II presents the Pearson correlation
between the chronological ages and pulp-to-
tooth area ratio and pulp-to-root width ratio of
maxillary and mandibular canines.

The results (Table II) showed that
variables of PTR and WB in maxillary canine
and PTR in mandibular canine are significantly
correlated with chronological age (P < 0.05).
Table III presents age estimation formula based
on PTR and WB variables, with the combination
of two variables yielding the following formulas:

Calculated age with the maxillary canine
= 42.75-13.1(PTR)-59.6(WB)
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Calculated age with the mandibular
canine = 43.8-105(PTR)-4(WB)

In graphs 1 and 2, the estimated age is
calculated with above formulas, showing that the
variables are equally distributed. Also, the mean
difference between predicted age and actual age
was lower than 1 year and p-value = 0.95, so
age estimation was done well. SEE was .25 and
.26 years for maxillary and mandible canines,
respectively (Table IV). In linear regression,
PTR mean and WB mean variables were considered
as predictors (constant) and age as a dependent
variable and the results were significant (P <
0.05); SEE was 6.6 and 5.5 years for PTR mean
and WB mean variables, respectively. The results
were not significant when the variables of upper
PTR and lower PTR and the interaction between
them were included in the linear regression
model (P > 0.05). The mean difference between
actual age and predicted age was lower than 1
year Wlth PTR u (upper canine), PTRL tower canine), WB u
and the mean of these variables (Table V).

50

Actual age

Predictage

Graph 1 - Scatter plot of predicted age vs. chronological age
with maxillary canines.

50

Actual age
]

Predictage

Graph 2 - Scatter plot of predicted age vs. chronological age
with mandibular canines.
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Table | - Age- and sex-wise distribution of patients included in
the study

Number Percent Number Percent
<25 16 281 42 40 58
25-35 30 526 46 438 76
35-45 1 193 17 162 28
Total 57 100 105 100 162

Table Il - Pearson Correlation between chronological age and
variables PTR, WA and WB

uppercanine  -0. *0.03 007 -0.37 *0.04
Lower canine  -0.32 *0.00 -012 0.09 -024 0.05

r=the correlation between age and this ratio; P=P-value:
*=P<0.05 was set as statistical significance

Table Il - Calculation of age with tooth ratios of maxillary and
mandibular canines

Upper canine 313-29(PTR) 42-674(WB)
lower canine 436-110(PTR)
Mean Upper& Lower ) ¥
Canines 4224-10182(PTR) 4558-80.75(WB)

Table IV - Regression analysis of combined variables

B \ \

(Constant) -0023 6971 -0.003 0997

Predicted age in
maxila 1001 0257 0395 3899 0.000
(Constant) -0023 7610 -0.003 0998

Predicted age in
mandible 1001 0264 0332 3792 0.000
(Constant) 42248 6670 6334 0.000
PTR -101829 483868 -0317 -2084 0044
(Constant) 45587 5585 8162 0.000
WB -80.759 26187 -0434 -3084 0.004

a. Dependent Variable: Actual age.
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Table V - Difference in means and 95% Cl between actual age
and predicted age

PTRU PTRL PTRmean WBU WBmean

Mean+SD 0002+674 0012708 -04+599 -0002+658 004+557
Std. Error
S 073 065 093 070 085
95%Cl LIF"’".er -146 129 189 137 A7
imit
L{f;ﬁﬁr 46 +129  +188 4137 +172

The indices U and L stand for upper and lower canines,
respectively.

DISCUSSION

Continuous deposition of secondary
dentin during life results in a decrease in pulp
area and width. Deposition of tertiary dentin is
promoted by factors such as erosion, abrasion,
attrition, caries, changes in the osmotic
pressure within the pulp, and so on. All these
factors are in fact pathologic, but the deposition
of secondary dentin with age occurs as a
physiologic process in the absence of pathologic
factors [23-25]. Based on previous studies,
these physiologic changes have a significant
relationship with aging and it is possible to
estimate chronological age by determining
the pulp-to-tooth area ratio and the pulp/root
width. It is, however, simple, non-destructive
method that can be used in the identification
of living individuals or unknown dead persons
[9]. Other uses of age estimation are in cases
of immigrants (legal or otherwise) without
concrete proof of age and birth records; age
estimation is also useful to determine the status
of majority (e.g. runaway brides). Therefore,
age estimation covers children, adolescents,
and adult age groups [26].

Periapical radiographs are more accurate
than panoramic radiographs, with less
distortion, but it is not always possible to take
periapical radiographs of intact teeth [27].

Several studies have shown the efficacy
of panoramic radiographs in the estimation
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of age [28]. However, the accuracy of these
radiographs for the estimation of age depends
onthe accuracy of measurements and the quality
of these radiographs. Factors, such as tooth
distortion due to improper patient positioning,
unequal magnification in the horizontal and
vertical dimensions [29], superimposition of
adjacent structures on teeth, especially in the
maxilla ,poor resolution of images that makes it
difficult to diagnose the reference points on the
tooth, draw reference lines, and calculate tooth
surface area [30], are some disadvantages of
panoramic images. Some of its advantages are
the possibility to evaluate all patients’ teeth
on one radiograph and the possibility to use
panoramic radiographs, which have been taken
for other reasons.

The study was limited to the canines
because it is the long lasting tooth [14], the
easiest to be analyzed due to largest pulp area
among all the single rooted teeth [15,18,27] ,
and undergoes less erosion compared to other
teeth [27] .

In the present study, gender had no
effect on the results, which was similar to the
findings of previous studies [14,22,31]. PTR in
both canines and WB in upper canine exhibited
a significant inverse relationship with aging
(P < 0.05). Correlation coefficients of these
variables with aging were close, a slightly
better correlation was seen with the maxillary
WB variable.

The relationship between PTR of both
upper and lower canines with age was assessed
on periapical images in the studies of Cameriere
et al. and Jeevan et al.

The study of Cameriere et al. [18] was
performed on skeletons of Caucasian origin and
the study of Jeevan et al. [32] was conducted
on an Indian sample, assessing the relationship
between PTR with age on periapical images
in both upper and lower canines. Correlation
coefficients obtained in these studies were
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close to each other, which was in line with
this study. However, in the study of Dehghani
et al. [22] that was conducted on panoramic
radiographs of an Iranian sample, correlation
coefficient of maxillary canine was about three
times higher than that achieved for lower
canine. In panoramic radiographs, inherent
image distortion can affect the accuracy of the
measurements, so difference in results could be
attributed to patient positioning during taking
radiographs. With slightly downward rotation
of chin and occlusal plane, maxillary canine
images are less distorted than mandibular
canine.

Mean difference between actual age
and predicted age was lower than 1 year and
SEE was 6.58 to 7.08 years with PTR in both
canine and WB in upper canine. Several studies
accepted that a standard deviation of around
+10 years is normal.

SEE was lower than 1 year using the
formula derived with combined PTR and WB
of each jaw. In linear regression, predicted
age with this formula was constant and actual
age was the dependent variable, showing that
this relationship is statistically significant (P
= 0.00); SEE was decreased significantly in
relation to each variable alone. In the study of
Juneja et al. [12] that was done on adults of
Karnataka origin, the mean difference between
predicted age and actual age was lower than 1
year using the formula derived with combined
PTR and WB of maxillary canine, which was
consistent with the results of this study.

When the mean of PTR or WB variables
was considered as a predictor (constant)
in linear regression analysis and age as a
dependent variable, the results were significant
(P < 0.05); and SEE was slightly decreased
(SEE of 6.6 years with PTR and SEE of 5.5 years
with WB variables). It can be concluded that
intrinsic distortion in panoramic image scan is
compensated with the mean variables.
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When the upper PTR and lower PTR and
the interaction between them were included
in linear regression, the results were not
significant (P > 0.05). The same results were
obtained with the WB variable. Cameriere
et al’s study on periapical radiographs of
Caucasian origin skeletons [18] showed that
when both upper and lower PTR of canines
were included in the regression model, the
coefficient of determination was slightly
weaker in comparison to the coefficient of
determination with these variables alone,
which was in line with the results of the present
study. Since the coefficient of determination of
each of the variables (R = 0.92) was higher
than that of the present study, their interaction
was still significant.

These interesting results showed that
which method used in above studies is better
in age estimation on panoramic images
among Iranian samples. However, there
weren’t sufficient samples of up to 45 years,
because subjects with any grades of attrition
were excluded. The number of samples was
low, so there was no sub-group analysis. It
is recommended to replicate this study with
all adult ages, more samples in each group,
and another panoramic devise with higher
resolution.

CONCLUSION

It can be concluded that there is a
significant correlation between age, both
canine PTRs, and upper canine WB variables.
Combining the variables of PTR and WB
gave better results than using each variable
alone. Estimation of age with the mean of
each variable showed less error than their
combination among Iranian samples and can
compensate the panoramic images’ distortions.
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