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Introduction

Background
Age is one of the essential factors to establish the identity 
of a person for any forensic or medicolegal process1. Teeth 
are one of the most durable and strongest structures in 
the human body; to some extent, it can resist burnt 
injuries, post-mortem decomposition environmental 
and pathological insults. Therefore dental remains offer 
the most rapid, reliable and useful methods of forensic 
identification to the scientific community2. Different 
methods have been proposed to estimate dental age 
using different tooth parameters. Gustafson’s morpho-
histologic approach is the most widely used method and 
includes the following six parameters: attrition, gingival 
recession, the thickness of secondary dentin, cementum 

apposition, root resorption and root dentin translucency2. 
Among these “Root dentinal translucency” is the best 
single parameter for age estimation, not only in terms of 
accuracy but also in terms of simplicity3.

Transparency of root dentine increases with age from 
apical to coronal aspect and is apparently not very closely 
related to pathologic conditions or treatment. This makes 
it a worthwhile tool for developing and testing accurate 
age estimation techniques. Moreover, it has also shown 
a symmetrical distribution on both sides of the jaws2. 
Furthermore, translucency can be assessed macroscopically 
on the intact tooth, although tooth sections provide 
better details3. RDT measurements like RDT length and 
RDT area can be used for age estimation. RDT area gives 
more correlation than length with chronological age, as it 
represents two-dimensional measurements4. 
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Abstract
Background: In Forensic practice and research, the Gustafson technique is the most popular dental age estimation method 
that uses six variables, among which Root Dentin Translucency (RDT) is considered to be the best single parameter for 
dental age estimation as it is the least affected by environmental and pathological factors. Dental age estimation by RDT 
has been tested on different geographic groups in order to determine its applicability and it has been found that there 
was an under/overestimation of the age of the subjects in different populations. No systematic review of these studies has 
yet been published to check the reliability and accuracy of this novel method in estimating chronological age. Objective: 
To assess the accuracy and reliability of RDT-based dental age estimation in different academic and forensic scenarios by 
qualitatively summarising the results of RDT-based dental age estimation studies in diverse population samples. Evidence 
Review: Studies were searched in the Medline, Embase, Directory of open access journals, Cochrane library and Google 
Scholar databases up to December 2019 with previously defined inclusion and exclusion criteria. The outcome of interest 
was the difference between chronological age and the age estimated from RDT. Results and Conclusion: A total of 1754 
subjects from 16 published studies were included in the final review. Our findings proved that the RDT method tends to 
overestimate chronological age for both sexes in most of the study population. The overestimated dental age ranges from 
2.24 to 15.1 years. 
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There are Digital and Conventional Methods of RDT 
Measurements. Conventionally Vernier callipers were 
used for RDT measurements, more recently custom-
built softwares were introduced for the same. RDT 
measurements by Digital method has some advantages 
over the conventional method3. The digital method allows 
better visualization giving scope for “fine-tuning” the 
measurements, “touch-free/non-invasive” digital evaluation 
prevents potential damage to thin tooth sections, and 
the scanned image can be easily stored and conveniently 
retrieved for further use3.

Rationale
The method of age estimation should be as accurate as 
possible so that it enables the investigator to arrive at an 
age which is close to the chronologic age21. Dental age 
estimation by RDT has been tested on different geographic 
groups in order to determine its applicability and it has 
been found that there was under/overestimation of the 
age of the subjects in different populations. No systematic 
review of these studies has yet been published to check 
the reliability and accuracy of this novel method in 
estimating chronological age.

Research Question
Does the Root Dentinal Translucency method provide 
an accurate and reliable estimate of chronological age in 
diverse population samples? 

Methodology

Criteria for Considering Studies
Original studies in human teeth reporting the use of RDT 
method of dental age estimation based on RDT length or 
area (Conventional/Digital) that preferably reported inter 
and intra-observer variation and that expressed results 
in Standard Error of Estimate (SEE)/Mean Absolute 
Difference of age were considered for the qualitative 
analysis.

Methods of Literature Search
To identify relevant studies to include in our review, we 
performed a comprehensive literature search based on a 
well-designed three-step search strategy. A Computerized 
search of articles which employed RDT-based dental 
age assessment published in English language journals 
between 2007 to 2019 was carried out. An initial limited 

search of MEDLINE and Embase was undertaken, 
followed by an analysis of the text words contained in the 
title and abstract, and of the index terms used to describe 
articles. A second search using all identified keywords 
and index terms was then conducted across all the 
included databases such as Medline (NLM), Directory of 
Open Access Journals (DOAJ), Embase, Science Direct 
Journals (Elsevier), Wiley Online Library and Google 
Scholar. Thirdly, the reference lists of all identified reports 
and articles were searched for additional studies. The 
selection of papers suited for inclusion in the review was 
independently carried out by two authors. The key search 
words were “dental age”, “root dentin translucency length 
and dental age estimation”, “root dentinal translucency area 
and dental age estimation”, “Chronologic age estimation 
using root dentinal translucency”.

Data Collection and Analysis

Selection of Studies
The initial selection of the studies was based on the 
title and then abstract. A significant number of articles 
were filtered from journals like the Journal of Forensic 
Odonto-Stomatology, Forensic Science International, 
Journal of Forensic Dental Sciences, and Journal of Indo-
Pacific Academy of Forensic Odontology. The inclusion 
and exclusion criteria for the review are briefed below

•	 Inclusion criteria
Only relevant original research articles with RDT-
based age determination, either for validating its 
applicability or for creating an adapted data set were 
included in the study. Studies expressing the results 
in SEE/Mean Absolute Difference of age alone were 
included for systematic review.

•	 Exclusion criteria
Studies expressing age estimation results in median 
or percentages were excluded. Furthermore, studies 
using the grading of RDT-based age estimation, single 
case reports, literature reviews, studies without full 
texts were also excluded.

Data Extraction and Management
Two reviewers (TB, AP) extracted data from the accepted 
studies independently. Disagreements between authors 
concerning the data extracted were solved through 
discussion and consensus. Then the data collected from the 
different articles were organized in an excel spreadsheet 
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as follows: Author, year, country, sample size (male and 
female), sample selection method, age, type of study 
design, intra and inter-observer agreement assessment, 
type of Root Dentinal Translucency measurement 
(Length/Area), Tools used for measurements, the 
correlation coefficient between age and RDT length/area 
and Outcome (SEE/Mean Absolute Difference of age). 

Assessment of Methodological Quality and 
Risk of Bias
Articles selected for this study were assessed by two 
independent reviewers for methodological validity prior 
to inclusion in the review using a QUADAS tool, the 
tool for the quality assessment of diagnostic accuracy 
studies included in systematic reviews. This has a list of 
14 questions which should be answered “yes”, “no”, or 
“unclear”. Included studies were assessed according to the 
checklist and papers that had 10 or more ‘Yes’ responses 
were regarded as having high methodological quality. 
Notably, the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) tool is often used 
in systematic reviews to rate the quality and certainty of 
the included evidence. However, the current systematic 
review was not a typical diagnostic accuracy assessment 
study, where one presents positive/negative results with 
sensitivity and specificity analysis. Therefore, evaluating 
evidence quality by GRADE could not be conducted in 
the current systematic review. To reduce ‘Author bias’, the 
results were analysed by comparing individual papers, 
and then grouping them per author.

Outcome Measures
SEE (Standard Error of age estimated)/MAD 
(Mean Absolute Difference in age) that is, the mean 
difference between the estimated Dental Age(DA) and 
the  Chronological Age (CA) was taken as the outcome 
measure. For the studies in which age estimation 
differences was not presented in the text, but in table, 
MAD /SEE was obtained by table values.

Results

Characteristics of Included Studies
At first, we carried out the so-called selection criteria stage. 
A total of 83 articles from peer-reviewed journals were 
selected as meaningful to justify the aims and objectives 
of the present review. Out of these, 67  studies were 

rejected as irrelevant studies (after getting inspected the 
article titles and abstracts) in order to meet the exclusion 
criteria. The excluded studies either used other methods 
of age estimation, reported results in percentages or 
median, or used the Gustafson age estimation technique 
by 6 parameters, or grading of RDT instead of RDT 
measurements. Finally, 16 studies were further scrutinized 
for systematic review. Two examiners performed this stage 
so the studies were only included if there was an agreement 
between the two examiners. During the selection process, 
any disagreement in the selection of articles between the 
review authors was resolved by discussion. The literature 
search and study selection process was described in the 
Prisma flow diagram (Figure 1).

The final 16 independent articles which met the 
inclusion and exclusion criteria are listed in Table 
1. Regression formulas used in included studies are 
represented in Table 2.

Repeat RDT measurements in studies showed 
minimal Intra and inter observer differences, which were 
statistically insignificant. Translucency measurements 
like maximum and average translucency length and 
translucency area were used. Among these most of the 
studies showed the maximum translucency length had the 
highest correlation with age. The correlation coefficient 
was statistically significant for both conventional and 
digital methods for almost all studies. Most of the studies 
show the correlation was slightly higher for digital 
measurements, except for study by Chopra et al13.

Most of the studies used linear regression analysis 
separately for RDTL and RDTA for chronological ages. 
Studies by Acharya4 used quadratic regression analysis 
for RDTL and RDTA shows better correlation than linear 
regression. Study by Kottappagari et al.,12 on multilinear 
regression analysis to estimate age by both parameters 
Area and length, showed a high correlation coefficient.

More than 95% of samples were single-rooted teeth 
except for a comparative study by Puneeth et al.,15 that 
showed double-rooted teeth provided more accurate age 
estimation than single-rooted teeth with a minimal age 
difference.

Comparison between Chronologic Age and 
RDT-Based Dental Age
Over-estimation of age was found generally in all 
the examined studies, except for a few. Conversely, 
underestimation of age was reported in higher age groups 
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in North Indian study by Arora et al.,8 and in Rohthak 
population by Rai et al5. In most of the studies, the 
calculated age was overestimated in younger individuals 
up to 15 years. While evaluating the age estimation results 
for the global population, the variations in the estimated 
age ranged from +2.24 to +15.1 years. Minimum difference 
of ±2.24 yrs was reported for the Shimla population by 
Singhal et al.,7 and Maximum difference of ±15.1 yrs in 
South African population by Ackermann et al11. 

Discussion
Age estimation from the dentition is of great interest for 
forensic cases for identification of unknown victim20. 
The Gustafson’s morpho-histologic approach is the most 
widely accepted method in which RDT is considered 
the best single parameter for age estimation21. The use of 
dentition is the method of choice in the identification of 
the unknown. Root dentin translucency is considered to 
be one of the best parameters for dental age estimation. 
Traditionally, root dentin translucency was measured 
using calipers. Recently, the use of custom built software 
programs have been proposed for the same. OBJECTIVES 

The present study describes a method to measure root 
dentin translucency on sectioned teeth using a custom 
built software program Adobe Photoshop 7.0 version 
(Adobe system Inc, Mountain View California). With 
advancing age, mineralization within the dentinal tubules 
leads to an increase in the translucency of root dentin 
which extends gradually from the root toward the crown8. 
The underlying process behind the translucency of dentin 
is a result of fatty degeneration, physiological hardening 
during the lifetime of the tooth due to increased deposition 
of the calcific matter, consolidation of dentinal tubules, 
equalization of the normally different indices of refraction 
of the tubules and the calcified dentin matrix, decreased 
diameter of dentinal tubules caused by increased intra 
tubular calcification13.

In the recent past, the suitability of this method has 
been broadly examined in diverse population groups 
and, uncertainty has been raised about the accuracy and 
precision of this method. Therefore, the present study 
aimed to carry out a systematic review of various studies 
published during the decade of 2007-2017 RDT-based age 
estimation in the adult age group. Studies that reported 
the results in SEE/MAD of estimated age were included in 

 ‘PRISMA’ FLOW DIAGRAM FOR SYSTEMATIC REVIEW 
 

Identification 
 

Online search: 578 results identified 
PubMed (24), EMBASE data base (23) DOAJ (40), Elsevier 

(14), Wiley (7), Google scholar (470) 
 

 

Screening 
 

445 duplicators removed 
 

102 irrelevant titles & 
abstract excluded 

 

133 titles and abstracts screened 
using the inclusion & exclusion 

criteria 
 

83 full text articles searched & 
read for eligibility using inclusion 
and exclusion criteria 
 

Included 

67 articles excluded: 
Dissertation n =15 

 Review method n=6 
Insufficient data n=17 
Gustafson’s method 

n=9 
Grading of RDT n=8 

Methods not defined     
n=12 
 
 

Eligibility 

Final sample of 16 independent 
studies included in the systematic 

review 
 

Figure 1. � Flow diagram of the selection process of the included studies 
and the specific reasons for exclusion from the systematic review.
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order to examine the accuracy and precision of estimated 
dental age among diverse population groups.

A total of 1754 subjects from 16 published studies 
were included in the systematic review. All studies 
calculated the age differences as the difference in the 
mean of CA-DA. Here the Chronological age is the “gold 
standard “for all reported studies. A value <±10 years is 
considered “acceptable” in forensic age estimation.

Our findings illustrated that the dental age of adults 
from the dentin translucency method was overestimated 
higher than their chronologic age. The overestimated 
dental age differs from +2.24 to +15.1 years. Younger 
individuals have shown more translucent zone, which 
resulted in an overestimation of age. This flaw may be 
attributed to the presence of periodontal infections and 
diseases of the pulp. Chronic periodontal infections 
may stimulate far more mineralization resulting in the 
increased translucent zone in the root part of dentin.

Underestimation of age is very rarely reported in the 
higher age group of the North Indian population and 
Rohthak population. This is probably due to the slowing 
down of the process of sclerotic dentin formation in some 
individuals for various reasons. Further, beyond the age 
group, it is also possible that an increase in translucency 
does not take place because it could have attained the 
highest level by blocking all the dentinal tubules in that 
area and thus giving a static value of translucency after a 
particular age. 

Minimum differences were reported for the Shimla 
population study by Shinghal et al.,7 with a difference in 
mean of +2.24 years. Maximum difference of +15.1 years 
was reported by Ackermann et al.,11 (2014) for the South 
African population. Dental variability in the secondary 
dentin deposition process existing among distant 
population groups may be the reason for differences in 
age estimation threshold.

Reported variations might have been further affected 
by the methodology, sample size and distribution, 
examiner expertise, inter-individual variability, or the 
statistical testing carried out.

Strengths of the Review
•	 This will be the first and most comprehensive review 

of the accuracy and reliability of RDT-based dental age 
estimation in adults. 

•	 Eligible studies screening, data extraction and quality 
assessment were performed by two independent 
reviewers to reduce the potential for reviewer bias. 

Limitations of the Review
•	 Exclusion of articles that showed the results in median 

or percentages, articles which used the grading of RDT 
for age estimation, articles without full text and articles 
which were published other than English language.

•	 Inability to perform Meta-Analysis.
•	 The present study results warrant further exploratory 

studies to corroborate or negate the quantitative and 
qualitative observations of this systematic review. 
No other systematic review based on RDT-based 
age estimations was available from the accessible 
literature. Articles published between 2007 to 2017 
were arbitrarily included in the present study because 
those were recent studies which alleged to give more 
precise estimates than those published before 2007. It 
is worth noting that a secular trend in dental maturity 
has been reported between subjects from different 
decades.

Recommendation
Studies with samples from different geographic and 
ethnic populations should be conducted for assessing the 
accuracy and precision of RDT-based age estimation in 
adults.

Conclusion
Besides some constraints, the current systematic 
review possesses some significant findings. According 
to the literature accessible to the authors, this is the 
first systematic analysis of age estimation of the adult 
population using the RDT method. Results clearly 
indicate RDT method overestimates dental age in nearly 
every population study for both sexes. Consequently, it 
becomes necessary to take into account further research 
on different geographic and ethnic population groups to 
establish different regression formulae to be able to obtain 
the most accurate and precise dental age estimates6. 
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