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ABSTRACT

Introduction: Classical methods based on morphological, radiological or histological methods are being used which
shows lesser precision and reliability with higher margin of error. There is a need for development of a biological tool at
molecular level with higher precision and reliability and lesser margin of error. Hence, this study was aimed at estimating
age using Amino Acid Racemization in Indian scenario.

Methodology: A cross-sectional study was conducted on 60 extracted teeth above 18 years of age divided equally into
males and females with 10 permanent teeth each of lower central incisors, first premolars and second molars each. Data
related to demographic details along with date of birth and type of tooth were collected and entered into specially
designed proforma. Regression formula was derived and difference between chronological age and estimated age was
calculated. GCMS was performed on each sample to quantify the L and D forms of aspartic acid in dentin in Aspartic
acid racemization group.

Results: AAR showed no significant difference between chronological age and estimated age in any teeth. Mean error in
estimated age was found to be less than 3 years in participants. In males, mean error was 0.44 years and in females, it
was found to be 0.58 years. Least mean error was found to be in lower central incisors (0.48 years). Most reliable tooth
for age estimation was found to be second molar in both males and females.

Conclusion: AAR was found to be a reliable method for estimating age in Indian population.
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INTRODUCTION

Forensic odontology is a crucial component of forensic
sciences and plays an important role in human
identification, particularly in cases involving mutilated,
decomposed, or fragmented human remains resulting
from violent crimes, mass disasters or accidents.
Determination of sex and age using skeletal remains
presents a significant challenge to forensic experts,
especially when only fragments of the body are

recovered. In such circumstances, forensic dentists can
assist other experts in identification of the remains
through the analysis of cranio-facial structures
including teeth. Morphological characteristics such as,
crown dimensions, root lengths, and sexual dimorphism
in dental and cranial features contribute significantly to
sex and age determination.! In mass disaster scenarios
and criminal investigations, various identification
techniques such as forensic anthropology, fingerprint
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analysis, forensic odontology (FO), radiology and DNA
typing are used. Forensic odontology utilizes methods
including evaluation of dental records, anthropological
assessments, analysis of restorations, dentures,
radiographs, bite marks, intraoral photographs,
cheiloscopy, and rugoscopy.? Additionally, estimation of
postmortem interval can be assessed histologically by
observing cellular changes in gingival tissues. Oral
pathology  further aids identification through
maxillofacial  pathologies, associated syndromes,
enamel rod patterns, exfoliative cytology for sex
determination, occlusal morphology, and DNA profiling
from teeth.

Teeth possess exceptional longevity and resistance to
environmental insults such as heat, moisture, microbial
degradation, and mechanical trauma, making them
invaluable in forensic investigations.* Human dentition
is frequently regarded as a hard-tissue analogue of
fingerprints. In many forensic contexts, particularly
those  involving advanced decomposition or
skeletonization, teeth and bones remain the sole
biological materials available for identification.’ Hence,
dental age estimation is an essential component of
forensic identification.

Amino Acid Racemization (AAR) analysis, is a
chemical method of age estimation based on the gradual
conversion of L-aspartic acid to its D-form in tissues
with age. Virtually all amino acids undergo conversion
from L-form to D-form with time, and the extent of
racemization of amino acids can be used to estimate the
age of various tissues.® The D:L ratio of this amino acid
can be analyzed and used for age estimation.” Of all
stable amino acids, aspartic acid has one of the fastest
racemization rates and is, therefore, the amino acid
most frequently used for age estimation. At a
temperature of +25°C it would take approximately
100,000 years for all L-forms of amino acids present in
living tissues to undergo complete racemization to the
D-amino acid form.$

Tissues with low metabolic activity, such as dentin and
enamel, are ideal for AAR analysis. Dentin, in
particular,  demonstrates  low  renewal  rates
(approximately 0.1% per year) and has shown mean
estimation errors as low as 2-4 years.*® Numerous
studies have established a strong correlation between
dentinal aspartic acid racemization and chronological
age.”!! Previous published data concluded that use of
the same type of tooth throughout would reduce errors
in estimation of the exact age of dentine, since it
eliminates systematic variation due to different
developmental rates for different teeth. Moreover,
protein conformation would be same if similar parts of
tissues as standard samples be taken for comparison
with test samples.!?!3

Despite advancements in forensic odontology since
2007, significant challenges remain in India, including

limited awareness among law enforcement and legal
professionals, absence of structured disaster victim
identification teams with forensic odontologists, and
inadequate maintenance of ante-mortem dental
records.!* The paucity of Indian population-based data
prompted the present study to evaluate age estimation
using aspartic acid racemization. Therefore, this study
aims to assess and compare the precision, accuracy, and
applicability of aspartic acid racemization, an advanced
method claimed to offer greater accuracy.

METHODOLOGY

The study population comprised 60 adult patients
reporting to Hitkarini Dental College and Hospital,
Jabalpur, who required extraction of teeth for
therapeutic purposes. Extracted teeth meeting the
inclusion criteria were utilized for age estimation. The
study protocol was reviewed and approved by the
Ethical committee of Hitkarini Dental College &
Hospital, Jabalpur and Sumandeep Vidyapeeth,
Vadodara and was granted ethical clearance. Written
informed consent was obtained from all participants
after explaining the nature, purpose, and procedures of
the study.

Inclusion criteria included individuals in good general
health who required tooth extraction as part of ongoing
orthodontic treatment or due to periodontitis, those who
voluntarily agreed to participate and provided informed
consent, and cases where the teeth scheduled for
extraction were free from dental caries. Teeth were
excluded from the study if they had dental caries, prior
restorations, previous endodontic treatment, visible
crown or root fractures, or were extracted from
individuals whose exact chronological age was
unknown.

Before starting the main study, a pilot test was carried
out on six extracted teeth—three from males and three
from females—comprising lower central incisors, first
premolars, and second molars each. The teeth included
in the pilot study were subsequently incorporated into
the main study. Based on the results obtained from pilot
study, sample size (n) was determined using G-power
software and new modified formula was derived using
regression analysis. Sample collection was carried out
over a period of five months, from January 2022 to May
2022. A total of 60 extracted teeth were divided equally
between males and females and between lower central
incisors, first premolars and second molars.

Eligible participants were asked about their
demographic and basic clinical details and recorded
using a structured proforma. Teeth were extracted by
specialists from the Department of Oral and
Maxillofacial Surgery under standard clinical protocols.
Post-extraction, the teeth were thoroughly cleaned,
scrubbed, and sterilized by autoclaving to ensure
infection control. The extracted teeth were then stored
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in labeled containers containing water and handed over
to the principal investigator for analysis.

AMINO ACID RACEMIZATION

The procedure consisted of two stages: the
preparatory stage and laboratory stage.

Preparatory stage- The dried teeth were disinfected in
a 10% formalin solution at room temperature for 24 h.
The teeth were then gently dried, the enamel layer was
removed from the tooth crown, and the cementum layer
was removed from the root with a diamond bur and
profuse water cooling. The teeth were dried and
numbered. The samples were then washed sequentially
with 0.2 M (approximately 0.7%) hydrochloric acid and
double distilled water three times in three separate
vessels, followed by 96% ethyl alcohol and 99.5%
diethyl ether for 5 min each. Next, the dried dentin was
pulverized in an agate mortar until dentin powder was
obtained. The samples were then stored in 2 ml
Eppendorf test tubes.

Laboratory stage- The standard procedure for
measuring the D/L ratio as developed by Ohtani and
Yamamoto.” The procedure includes hydrolysis of
pulverized dentin in 6 N hydrochloric acid, followed by
sample drying, amino acid isolation via ion exchange
chromatography, further sample drying, amino acid
derivatization and gas chromatography (GC) analysis.
We eliminated the laborious stage of amino acid
isolation and used a gas chromatography with mass
spectrometry (GCMS) method, which shortened the
laboratory procedure This change to the protocol proved
to be advantageous since it yielded results that were
equivalent to those obtained in the original procedure,
while also shortening the protocol length. Thus, the
following methodology was used. The sample was dried
with a rotary evaporator at room temperature. Half a
milliliter of trifluoroacetic anhydride was then added to
the sample, which was then incubated for 1 h at room
temperature. Next, the unreacted reagent was removed
with a nitrogen stream, and 2 ml of a mixture of
methanol and thionyl chloride (2:1 volume ratio) was
added. The sample was then incubated for another hour
at room temperature. The sample was then transferred
to a flask to which 4 ml of ethyl acetate and 5 ml of
saturated aqueous solution of sodium carbonate were
added. After neutralization and separation of the layers,
the organic portion was transferred to a vial, and 1 pl of
the obtained mixture was analyzed by GC-MS.
Chromatography was carried out using a chiral column
that was 30 m length, with a 0.32 mm inner diameter
and 0.25 pum film thickness. Helium at a constant flow
of 2 ml/min was used as the carrier gas. The injector
temperature was 180 °C in split mode (1:100), the
transfer line temperature was 220 °C, the ion source
temperature was 200 °C, and the ionization energy was
70 eV. The mass spectrometer was operated in SIM
(selected ion 158 and 198 monitoring) mode.

The described method was applied to determine the
quantities of D- and L-aspartic acid, which were then
incorporated into the modified formula to estimate the
participants’ ages.

Statistical Analysis

The recorded data was compiled and entered in a
spreadsheet computer program (Microsoft Excel 2007)
and then exported to data editor page of SPSS version
15.0 (SPSS Inc., Chicago, Illinois, USA). The modified
formula AAR for Indian population was derived using
Linear regression. Kolmogorov Smirnov test was
applied to analyse the normality of data as the number
of samples were more than 50. The data was found to be
non-normal hence; non-parametric tests were applied.
Mean values of paired data (chronological age and
estimated age) were analysed using Wilcoxon signed
rank test.

RESULTS

Based on the results of pilot study on 6 samples, a
modified Amino Acid Racemization formula was
derived for Indian population as under:

Estimated age in years= 59.286+(-21.957)*In( 1 +
D D
T /1=7

Table 1 states the comparison of mean chronological
age and estimated age of all the participants using AAR.
The mean chronological age among males was
49.39£12.63 years and mean estimated age 49.83%8.5
years. Amongst females, mean chronological age and
mean estimated age were 50.05+11.76 years and
49.4749.19 years respectively. The difference between
chronological age and estimated age in both the groups
were found to be non-significant (p=0.644 and 0.572).

Table 2 elucidates the comparison between mean
chronological age and mean estimated age in different
types of teeth using AAR. The mean chronological and
estimated age of central incisor was 52.38+8.33 and
52.86+4.98 years, for premolars it was 46.47+17.74 and
45.24+12.06 years and for molars it was 50.31+7.22 and
50.85+6.03 years respectively and the difference were
found to be non- significant for central incisors (Z=--
0.448, p=0.654), premolars (Z=--0.748, p=0.433) as
well as for molars (Z=--0.411, p=0.681)

Table 3 demonstrates the mean age in types of teeth
gender wise. Males showed higher (2.68) error for
central incisor than females (1.7) with non-significant
difference of p=0.114 (Z=-1.580) and p=0.332 (Z-=-
0.970). Similarly for premolars, males showed higher
mean difference (1.38) than females (1.06) with non-
significant difference in both the groups (Z=-1.275,
p=0.202 and Z=-0.867, p=0.386). For molars, mean
difference for males (0.05) was found to be lesser than
in females (1.04) but males and females showed no
significant difference (Z=-0.153, p=0.878 and Z=-
0.561, p=0.575)
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Graph 1: Percentage of male participants showing error using AAR

Graph 2: Percentage of female participants showing error using AAR
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Table 1: Comparing the mean chronological age and age estimated using AAR formula on the basis of gender

Gender | Chronological age in years | Estimated age in years | Mean difference | Z value | p-value
(MeanzSD) (MeanzSD)
Male 49.39+12.63 49.83+8.5 0.44 -0.463 0.644
Female 50.05+11.76 49.47£9.19 0.58 -0.566 0.572

Test applied: Wilcoxon signed rank test; p>0.05 (non significant)

Table 2: Comparing the mean chronological age and age estimated using AAR formula on the basis of type of teeth

Tooth

Chronological age in years
(Mean£SD)

Estimated age in years
(MeanzSD)

Mean difference

Z value

p-value
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Lower CI 52.38+8.33 52.86+4.98 0.48 -0.448 0.654
First PM 46.47+17.74 45.24+12.06 1.23 -0.748 0.433
Second M 50.31+7.22 50.85+6.03 0.54 -0.411 0.681

Test applied: Wilcoxon signed rank test; p>0.05 (non-significant)

Table 3: Comparing the mean chronological age and age estimated using AAR formula on the basis of type of teeth

gender wise
Tooth Chronological Estimated Mean Z value p-value
age in years age in years difference
(Mean£SD) (Mean£SD)
MALES
Lower CI 49.62+6.64 52.30+3.33 2.68 -1.580 0.114
First PM 45.62+19.48 44.24+11.94 1.38 -1.275 0.202
Second M 52.92+7.82 52.97+5.16 0.05 -0.153 0.878
FEMALES
Lower CI 55.14+9.23 53.44+6.38 1.7 -0.970 0.332
First PM 47.31+£16.85 46.25+12.74 1.06 -0.867 0.386
Second M 47.69+£5.79 48.73+6.32 1.04 -0.561 0.575

Test applied: Wilcoxon signed rank test; p>0.05 (non significant)

DISCUSSION

Age estimation plays a crucial role in establishing
personal identity, particularly in situations involving
decomposed bodies or mutilated remains recovered
from mass graves or disaster sites. Teeth, being among
the hardest and most durable tissues in the human body,
hold considerable importance in forensic investigations.
They can serve as a reliable means of identification
when other tissues, especially soft tissues, have
deteriorated.

The teeth chosen for this study are mandibular central
incisors, together with the first permanent premolars
and second 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 but in the present study first premolar
gave better results. Other studies have also used same
teeth and have proclaimed similar results as 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 mandibular incisors. In this research, 3.3%
males and 6.67% females showed error of more than 10
years of age in Amino Acid Racemization group. All
types of teeth showed accurate results with highest
mean difference of 1.23 in first premolars. On
comparing the 2 groups, AAR showed best results for
lower central incisors in males as well as females. This
study was first of its kind as, these two methods were
never compared in the Indian population, hence, there is
no scope of comparing with the previous studies.

The speed of racemization differs depending on the
dental tissue examined, being greatest in cementum,
followed by dentin, and lowest in enamel.!>!® The D/L

ratios in cementum is higher which may be due to the
raised environmental temperature because it is
surrounded by periodontal ligament.'> Moreover, it
contains a distinct protein composition. Nonetheless,
cementum is generally not favored for age estimation
because it is difficult to obtain and yields only a limited
sample. Dentin is enclosed by enamel and cementum.
Its moisture level remains stable due to the fluid that
flows through the dentinal tubules, helping to regulate
the surrounding temperature.!” Furthermore, dentin
shows the higher level of racemization than enamel and
the strongest correlation with age.?’ Hence, this study
used dentin specimen in AAR group.

Various studies with racemization of aspartic acid have
shown that margin of error are between + 2-4 years. In
our research, the mean difference between estimated
age and chronological age calculated was 0.44 years in
males and 0.58 in females. Findings from this research
have been validated by similar studies conducted by
other researchers. 2!-2223-24

The differences and discrepancies in the results are due
to many reasons. According to Waite one of the
discrepancies is due to small sample size used in
calibration curves and too much variability in type of
tooth used, leading to error.® Hence, 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 wvery strict exclusion criteria.  Standard
recommendations should be outlined in forensic science
laboratories for comparability and reliability of results.
Use of the same type of tooth throughout would reduce
errors in estimation of the exact age of dentin, since it
eliminates systematic variation due to different
developmental rates for different teeth. Further studies
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are therefore necessary which will ideally consist of a
larger sample size and a wider demographic area in
which the teeth are collected.

CONCLUSION

In this research, Aspartic acid racemization has
established itself as a reliable method for forensic age
estimation, achieving a margin of error of less than
three years across all types of teeth and in both sexes.
Although, feasibility is questionable as most of the
laboratories have never performed this method which is
technique sensitive and not very cost effective. The gas
chromatography mass spectrometry (GC-MS) with
fluorescence detection has made it feasible to determine
the extent of racemization of much smaller quantities of
amino acids. For this reason, this technique can be
employed in age estimation protocols for Indian

population.
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