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A B S T R A C T

Background: To determine age and sex from tooth specimens using Laser-Induced Breakdown Spectroscopy (LIBS).
Materials and methods: A total of 170 human teeth samples between age of 15–86 years of both male and female
sex were obtained for the study based on the inclusion and exclusion criteria. All the tooth samples were mounted
and ground sections of about 1.5–2 mm thickness were prepared. Each tooth sample was subjected to LIBS along
the cemento-enamel junction and spectrographs were acquired that denoted the elemental presence in each tooth
sample.
Results: The elemental concentration of Ca I, Ca II, P and Fe in all the teeth samples declined as the age progressed.
The Peak intensity of Ca, P and Fe was observed in the second decade of life. The overall concentration of Fe
exhibited highest intensity in both male and female samples when compared with other elements assessed. The
general concentration of all the elements were relatively higher in the female samples when compared to those in
males.
Conclusion: The CEJ seems to be a better site for elemental analysis of tooth since multiple tooth sites are rep-
resented in this region and the other sites of teeth such as enamel or roots of teeth may tend to get fractured, and
my not be available for the analysis. The signal intensities of trace elements seen to reduce with increase in age.
However, certain external factors also seemed to have an influence on these outcomes.
1. Introduction

Identification of deceased individuals is important both for crime in-
vestigations and humanitarian reasons. As a part of forensic medicine,
when human remains are found, two basic problems have to be resolved:
1) Identification of the individual and 2) The cause of death [1]. Soft tis-
sues decompose and usually impairs the identification process. Compar-
atively, skeletal remains including teeth are more resilient to destruction
and provide much needed information. The human dentition can be a
good source for determining the age and sex based on morphology and
employing various odontometric techniques. Occasionally, the teeth
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obtained may not retain its morphological characteristics. It may then be
useful to analyze the elemental composition of such samples to give us
hints regarding the episodes of environmental contact and further to
identify individuals [1].

The exact composition of the tooth may vary based on the site, sex
and age. Enamel is a biomaterial the normal levels of calcium, phos-
phorous and other trace elements are subject to change and may also
influenced by the dental diseases [2]. The chemical composition of the
tooth has been studied extensively and it is believed to contain various
inorganic substances such as Calcium, Phosphorous, Oxygen, Fluoride,
Potassium, Sodium, Magnesium, Zinc, Iron, Strontium [3]. considering
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the fact that human teeth can withstand high temperatures and decom-
position, and usually the last of the tissues in the body to disintegrate.
They form ideal specimens in the identification of an individual. Current
methods employed in age and sex estimation are visual methods,
morphometric measurements, radiocarbon dating of enamel, ortho-
pantomography, etc.

Laser-induced breakdown spectroscopy (LIBS) has proven to be a
reliable analytical tool that provides a chemical composition of any
specimen (solid, liquid, or gas), both analytically and quantitatively. LIBS
has been successfully used in analyzing compositions of biological sam-
ples obtained from humans such as tissues and bones [1, 4]. We believe
that this ability of LIBS to detect elements, in tooth specimens can be
harnessed in forensic medical applications. In this study, we used LIBS to
assess the age and sex of tooth specimens using laser-induced breakdown
spectroscopy (LIBS).

2. Material and methods

Ethical clearance was obtained from the Institutional Ethics Com-
mittee, Manipal College of Dental Sciences, Mangaluru (19095) for our
study. All the teeth samples were obtained from the out patients who
have undergone treatment, department of Oral and Maxillofacial Sur-
gery, Manipal College of Dental Sciences, Mangalore. Informed consent
was obtained from the patient to obtain their basic demographic data
such as name, age, and sex. The examiner was blinded to the age and sex
of the obtained tooth sample. Patients of 15 years of age and above were
considered for the study. About 170 sound permanent teeth which were
extracted for orthodontic purposes, impactions, and mobile teeth from
different patients were used for this study. Teeth that were carious,
fractured, and hypoplastic were not used for the study. Similarly, teeth
that were previously restored were not considered for the study.

After extraction, each tooth sample was labelled and retained in a
plastic container containing hydrogen peroxide which was used as a
chemical disinfecting agent. Then, the disinfected tooth samples were
mounted using a Plaster of Paris/Dental stone. The mounted tooth
samples were sectioned using a cast trimmer until the thickness was
about 1.5–2mm. Elemental analysis of each tooth sample was done along
the respective cementoenamel junction (CEJ) using LIBS was undertaken
in the Department of Atomic and Molecular Physics, Manipal.
Figure 1. Schematic representat
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The LIBS setup for tooth analysis is shown in Figure 1 and the detector
used was a Czerny Turner (Shamrock 193i) spectrometer coupled with
intensified charge couple device (ICCD). An Nd: YAG laser with a
wavelength (λ) of 532 nm was used as radiation source. The pulsed laser
beam of 6mm diameter with 6 ns pulse duration and 10 Hz repetition rate
with an energy of 5mJ (before beam splitter) is focused on to the sample.
After beam splitter, the energy was reduced to 2.5 mJ. A bi-convex lens
with a focal length of 10 cm was employed to focus the laser beam on the
tooth sample. The sample was secured on a mobile x-y-stage. Numerous
lenses/mirrors are also used in the form of light collecting system.

3. Results

All the statistical analysis was done using SPSS version 20.0. The teeth
samples were divided into seven age groups specifically from 11 to 20, 21
to 30, 31 to 40, 41 to 50, 51 to 60, 61 to 70, 81 to 90 as mentioned in
Table 1. The youngest age from whom the tooth was obtained was from
female (15 years) and the oldest age fromwhom the sample was obtained
was from a man (86 years). The mean age of the teeth samples obtained
was 45.323. Of the 170 samples, 82 samples were obtained from males
and 88 from females. The majority of teeth were obtained from the age
group of 51–60 of about 43 teeth samples, followed by 21–30 age group
(42 tooth samples), 61 to 70 (32 tooth samples) and only one sample was
obtained from the 81 to 90 age group.

Using LIBS, each tooth specimen was subjected to a minimum of 10
trials, of which 8 most significant trials were considered for analysis.
Each trial run was compared with an existing database given by NIST [5,
6, 7]. LIBS intensity is proportional to the elemental presence (i.e., the
concentration of trace elements in the tooth sample).

In our study, in order to maintain uniformity and reproducibility, the
target area for laser pulse was fixed at the level of CEJ in each tooth
sample. Ca emission lines were observed to be most significant at two
wavelengths specifically at 422–423 nm (Ca I) and 429–430 nm (Ca II)
[8]. P emission lines were most significant at 533–534 nm and Fe at
444–445 nm. During our initial trial runs using the tooth sample before
initiating the study we also found the presence of lines for trace elements
such as Zinc (Zn), Magnesium (Mg), Manganese (Mg), Fluorine (F), and
Copper (Cu). Zn lines were found at the wavelength range of 411 nm, Mn
at 518 nm and Mg at 550 nm, F at 527 nm, and Cu at 503 nm range
ion of the LIBS set-up [31].



Table 1. Comparison of trace elements in age.

Age group No. teeth samples Average intensities of the elements

Ca I Ca II P Fe

11–20 10 12413.9 10557.6 2002.74 14794.7

21–30 42 11311.2 9152.22 1561.54 11585.1

31–40 19 9618.03 7812.47 1545.89 10076.6

41–50 15 8987 7035.56 1571.84 8805.65

51–60 43 8247.24 6128.3 1266.7 7762.51

61–70 32 7488.11 6039.84 1399.9 8391.91

71–80 8 5877.275 4324.925 1057.5 5683.6

81–90 1 5065.6 3572.2 883 4632.2

Total samples 170
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(Figure 2). Though these emissions were significant, we decided to focus
our attention on the major elements, such as Calcium (Ca), phosphorus
(P), and Iron (Fe). Hence, we decided to study Calcium (Ca), phosphorus
(P), and Iron (Fe) lines in detail.

During the analysis of the 170 samples, the data points falling far from
the fitted trend line were considered as outliers, approximately 16 results
were outliers and these were included in the final analysis. The corre-
lation of the trace elements (Ca I, Ca II, P and Fe) with the age groups
showed statistically significant results (P- <.001) whereas on sex corre-
lation with elemental composition of teeth samples the P value was not
statistically significant. There was also significant negative correlation
between elemental composition (Ca I, Ca II, P and Fe) of teeth samples
and age groups (Table 2). On comparing the sex with elemental
composition of teeth samples in male and females, it was observed that
all the mean values of Ca I, Ca II, P and Fe in females is higher than males.

3.1. Ca, P and Fe in various age groups

On analysing the average intensities of Ca I, Ca II, P and Fe in all the
age groups, it was commonly found that the highest intensity was
observed in the second decade of life (11–20 age group) and least was
seen in the 81 to 90 age group (Table 1). There was significant decrease
Figure 2. Various trace elements identified using the NIST database. All the characte
lines of Ca and Fe along the CEJ of tooth dominate the spectrum.
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in the average intensities of all these elements with increase of age.
However, few tooth samples showed a reverse trend which were not
correlating with the other intensity values in the same age groups
(Figures 3 and 4).

The predictability of age in female teeth samples was found to be as
followed: Ca I (R ¼ 43%), Ca II (R ¼ 39%), P (R ¼ 12%), and Fe (R ¼
37%). There was a moderate correlation between the age and female
teeth samples. The predictability of age in male teeth samples was found
to be as followed: Ca I (R ¼ 26%), Ca II (R ¼ 27%), P (R ¼ 46%), and Fe
(R¼ 16%). There was a weak correlation between the age andmale teeth
samples. We believe these results can be attributed to various environ-
mental factors and underlying systemic conditions of the individuals
which were not documented in this study [9, 10, 11].
3.2. Comparison of trace elements (Ca, P, and Fe) in sex

In both the female and male samples, it was found that the average
intensity values of Ca I, Ca II, P and Fe dropped as the age increased with
very weak correlation and P value being not significant. When we look at
the intensities of Ca (I and II), P and Fe in various female age groups, we
generally see that Fe exhibits the highest intensity followed by Ca I and
Ca II. P has the least intensity (Figure 5).

It is also interesting to note that the concentration (intensity) of P in
females generally remains stable at about 2500 counts. Also noteworthy
is that these concentrations gradually tend to decline with increase in
age. The concentration of all these elements (Ca, P and Fe) in female
samples are at the highest in the second decade of life, remains stable in
the third and fourth decade of life and starts to decline from the fifth
decade onwards (Figure 5).

In teeth samples obtained from men, similar to female teeth samples,
the concentration of Fe seems to be relatively higher when compared to
other trace elements (Figure 6). The concentration of Ca I was more than
Ca II and was higher in the second and third decade of life (13200
counts), that gradually decreased with increase in age (Table 1). It is also
interesting to note that the concentration (intensity) of P in males
generally remains stable at about 1600 counts in all the age groups. There
was a considerable increase in concentration of all the elements (Ca I, Ca
II, P and Fe) in the sixth decade of life (graph 5). Also, the overall
ristic elemental lines with their wavelengths are marked on the graph. Emission



Table 2. Sex wise age correlation.

S.no Parameters being correlated N Correlation(r) P value

Female 1 AGE & Ca I 88 -0.662 <0.001

2 AGE & Ca II 88 -0.63 <0.001

3 AGE & P 88 -0.356 0.001

4 AGE & Fe 88 -0.615 <0.001

Male 5 AGE & Ca I 82 -0.51 <0.001

6 AGE & Ca II 82 -0.525 <0.001

7 AGE & P 82 -0.219 0.049

8 AGE & Fe 82 -0.405 <0.001
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concentration of all the elements in male samples were relatively lower
when compared to those of the female teeth samples (Figures 3 and 4).

4. Discussion

Age and sex determination of unknown individuals in forensic med-
icine helps in creation of the individual’s profile, thereby aiding in the
identification. When forensic personnel are faced with totally decom-
posed bodies or left with human skeletal remains the identification of age
and sex is challenging [12, 13]. Over the last few decades, teeth have
been utilized as excellent sources for determining age and sex. From the
basic visual or clinical methods, morphometric measurements to radio-
logical evaluation and advanced methods like PCR, enamel protein,
amino acid racemization and radiocarbon dating of enamel have been
used widely [4, 14, 15, 16].

From the Last decade and so, the human teeth have been drawing
attention as a potential, biological, modelling sample. Ingestion of the
trace elements by humans leads to accumulation in the hard tissues and
can be influenced by environmental factors [17]. Studies have shown
that there is no active metabolism of elements after formation of dentine.
Also, the amount of trace elements may change with age. The presence
and concentration of trace elements may provide useful information with
regards to the age and sex [9].
Figure 3. Comparison of Ca I, Ca II, P and Fe i
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In our study we employed laser-induced breakdown spectroscopy
(LIBS) to assess the trace elemental composition of teeth in age and sex.
LIBS is one of the most simple, rapid, and uncomplicated techniques for
the evaluation of the concentration of elements [18, 19]. The core
objective of LIBS is to perform a chemical analysis at the atomic level,
possibly qualitatively (i.e., determining the existence of certain elements)
or quantitatively (i.e., determining the relative concentration of distinct
elements in a sample using the collected spectra). We believe that LIBS
will help in the identification of the composition of teeth. Thereby, help
in the age and sex estimation [20]. LIBS has been successfully applied in
the field of dentistry to achieve various goals such as to investigate the
elemental presence of sound teeth, carious teeth, dental restorative ma-
terials, and also to study the changes in the chemical composition of
teeth.

In various studies, the elemental analysis of teeth was done at
different sites for instance the surface of enamel, coronal portion of
enamel and dentin, enamel-dentin junction, dentin-pulp margin, pulp,
CEJ, root canal dentin, apical part of enamel [2, 5, 21, 22, 23, 24, 25, 26,
27]. The tooth can relatively withstand various environmental influences
and is the last to decompose (mass disasters) [17]. Generally, it has been
seen that the incisal edges, crowns and various parts of roots tend to
fracture and may not be available for the study. In our study, we chose
the CEJ as the site for analysis.

Considering that this was first of its kind study to differentiate male
and female teeth samples, in our study, we obtained teeth from appar-
ently healthy individuals. We used healthy adult teeth from either sex.
Teeth that were carious, fractured, restored and hypoplastic was not
utilized for the study. Other authors have used specimens that were
carious and non-carious, where it was identified that the Ca/P concen-
tration decreases in a caries affected teeth using LIBS. Toscano DD
distinguished the elemental presence in the carious and non-carious
enamel and dentin using LIBS [27]. M. Saiki et al. the elemental
composition in sound and carious enamel-dentin tissues using instru-
mental neutron activation analysis [6]. Zahran NF, et al. reported that
the mean concentrations of Na, Al, K, Cr, Mn, Co, Cu, Zn, Mo, Ag, Bi and
U in the pulp of permanent teeth were lower in caries than healthy teeth
pulps using Inductively coupled plasma mass spectrometry [29].
n all the age groups of male teeth samples.



Figure 4. Comparison of Ca I, Ca II, P and Fe in all the age groups of male teeth samples.

Figure 5. Comparison of Ca I, Ca II, P and Fe in all the age groups of female teeth samples.
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In our study we chose to analyze Ca, P and Fe since these were the
major elements. Also, other minor trace elements such as Zn, Cu, F, Mg
and Mn were too noticed in the observed spectra of each tooth samples.
In our study, we have identified the lines for Ca, P and Fe in the CEJ
region of each tooth sample. Previous studies demonstrated that the Ca
and P are the major elements in bones and teeth of humans and Fe along
with other few elements (Al, Cu, Cd, F, Co, and Mn) as minor trace ele-
ments [21].

In our study, the teeth samples were categorized into seven age
groups from 11 to 90 years of age comprising of 10 years difference in
each group. In our study, we analyzed two Ca lines emitted in the spectra,
which was identified at the wavelength of 422–423 nm (Ca I) and
429–430 nm (Ca II). Likewise previous studies were conducted using the
5

ratio of Ca I (422.67 nm) and Ca II (396.84 nm) in the characterization of
apical enamel using LIBS [8].

Our study revealed that the concentration of Ca I and Ca II in the age
group of 11–20 were high in both male and female tooth samples.
Similarly, a literature revealed that the concentration of Ca decreased in
the deciduous teeth of older children compared to younger children using
atomic absorption spectroscopy [16, 21].

Our study revealed that the changes occurring in the chemical
composition of teeth may be age-dependent progress. The concentration
of Ca, P, and Fe exhibited changes in all the age groups relative to that of
both males and females. The percentage of Ca, P, and Fe seen substan-
tially decreased with increase in age which correlated with the studies
conducted previously [10].



Figure 6. Comparison of Ca I, Ca II, P and Fe in all the age groups of male teeth samples.
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Our study demonstrated that there was a significant decrease in the
mass of Ca and P in both males and female samples from the third decade
onwards. Also, there was a slight increase in the P and Fe values espe-
cially evident in the sixth decade of male teeth samples. The overall
concentrations of Ca, P, and Fe seemed to be greater in females compared
to males. All of these above findings were consistent with the previous
studies [2].

Our study revealed that the Fe lines were greater in the male tooth
samples and the Ca and P lines were seen more in the female samples.
Likewise, the literature revealed that the iron content in males was more
compared to females and the Ca/P content was subsequently high in
females than the males by using the atomic emission spectrometry (AES)
technique [30].

5. Conclusion

LIBS seems to be a promising tool in the identification of trace ele-
ments in tooth samples. The concentration (signal intensity) of these
trace elements seem to had correlation with age and sex of an individual.
The cemento-enamel junction (CEJ) seems to be a better site for
elemental analysis of tooth since multiple sites (enamel, dentin and pulp
chamber) are present in this region and the other sites of teeth such as
enamel or roots of teeth may tend to get fractured. The signal intensities
of trace elements seen to reduce with increase in age. However, certain
external factors also seemed to have an influence on these outcomes.
Female teeth samples seem to have higher trace elemental composition
when compared to the males.

6. Limitations and recommendations

Our study to assess the validity of the Laser-Induced Breakdown
Spectroscopy (LIBS) to determine age and sex from tooth specimens
showed that LIBS seems to be a promising tool and should be considered
as an adjunct to assess age and sex in forensic applications. However, we
would like to highlight certain limitations in our study and like to pro-
pose certain recommendations for further studies. In our study, we did
not compare the LIBS technique with any other existing gold standard
techniques to confirm the results for age and sex application. We also did
not assess the systemic condition of the patient, their environmental
exposure and the concentration of trace elements in blood. Apart from
6

taking the above into consideration it may be interesting to study the
significance of other trace elements present in the human teeth samples.
We also propose that further studies can be considered including the
teeth which are carious and have other inherent developmental distur-
bances. It may be useful to study differences between deciduous and
adult dentition and also undertake studies in other geographical loca-
tions and ethnic groups.
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