Forensic Dentistry LRD

linical and Laboratorial
Research in Dentistry

Systematic review of Lamendin’s dental age
estimation method

¢ Juliana Ribeiro Lopes Department of Social Dentistry, School of Dentistry, University of Sao Paulo, Sao Paulo, SP,
Brazil » Mario Marques Fernandes Department of Social Dentistry, School of Dentistry, University of Sdo Paulo, Sdo Paulo,
SP, Brazil e« Edgar Michel-Crosato Department of Social Dentistry, School of Dentistry, University of Sao Paulo, Sao Paulo,
SP, Brazil < Rodolfo Francisco Haltenhoff Melani Department of Social Dentistry, School of Dentistry, University of Sao
Paulo, Sao Paulo, SP, Brazil « Rogério Nogueira Oliveira Department of Social Dentistry, School of Dentistry, University of
Sao Paulo, Sao Paulo, SP, Brazil

ABSTRACT |

DESCRIPTORS |

RESUMO |

DESCRITORES |

Objective: to determine the effectiveness of Lamendin’s dental age estimation, by conducting a systematic review.
Methods: for the meta-analysis, we searched for studies with the aim of showing the effectiveness of the method by
comparing the chronological and estimated ages of the sample. Three databases were consulted (MEDLINE, LILACS,
and EMBASE). We excluded studies with historical samples and those that changed the technique, analyzed other as-
pects of the method without presenting results on effectiveness, and that presented the sample in a single group with
individuals under 25 years of age. The quality evidence scale QUADAS was used with some modifications. The final
sample consisted of eight studies. Results: our results showed that the identified studies were methodologically careless
and that the method was ineffective in older people, but produced good estimates for adults in other age-ranges. There
are discrepancies in the literature regarding the age at which the method works best. Relevance: Studies on Lamendin’s
technique should have a stricter methodological approach and the technique should be tested before being used in a
given population to verify the age at which the results are more accurate.

Forensic Dentistry; Age Determination by Teeth; Evidence-Based Dentistry; Meta-Analysis.

Revisao sistematica do método Lamedin para estimativa da idade pelos dentes ¢ Objetivo: verificar a eficicia do método de
estimativa de idade de Lamendin por meio de uma revisdo sistematica. Métodos: para a metanalise foram pesquisados estudos que
tinham como objetivo mostrar a eficicia do método comparando as idades cronologica e estimada da amostra. Foram consultadas as
bases de dados MEDLINE, LILACS e EMBASE. Excluimos os artigos com amostra histérica, os que modificaram a técnica, os que ana-
lisaram outros aspectos do método sem retratar sua eficacia e os que apresentaram a amostra em grupo inico com individuos de menos
de 25 anos de idade. Em seguida, a escala de qualidade de evidéncia QUADAS foi utilizada com modifica¢des. A amostra final foi cons-
tituida de oito estudos. Resultados: os resultados mostraram que os estudos identificados descuidam de alguns aspectos metodoldgicos
e que o método é ineficaz em idosos, mas que produz boas estimativas nos outros adultos. Existem discordancias na literatura quanto a
faixa etaria em que o método funciona melhor. Relevdncia: os estudos que utilizam essa técnica necessitam de mais rigor metodologico,
e a técnica deve ser testada antes de ser usada numa determinada populac@o para que seja possivel constatar em qual faixa etaria os
resultados sdo mais precisos..
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INTRODUCTION

Posing the question

Age determination by teeth is an important part
of Forensic Dentistry and Anthropology, since this
method provides valuable assistance in cases of
identification. For many years and up to now, the sci-
entific community has produced a large number of
researches on this topic. Several of them'2 are based
on the developmental stages of teeth, which makes
them suitable for estimating the age of children and
adolescents. For adults, methods are often based on
degenerative modifications, such as attrition, peri-
odontosis, transparency of the root, secondary den-
tin, cementum apposition, and root resorption.

Since Gustafson* first published his work on age
determination by degenerative changes in teeth, sev-
eral authors>®have developed other methods based on
the characteristics he described, including Lamendin
et al.? The technique was developed to be simple, and
its purpose was to estimate the age of adults at the
time of death. The method consists of analyzing only
two dental variables (periodontosis and transparency)
and applying the numbers to a given formula, and it is
a good option for use in forensic cases.

In view of the doubt about the real efficacy of the
methods, the precepts of Evidence-Based Dentistry
were considered for evaluating the quality of the re-
sults shown by the studies of estimating age in adults.

However, it is a challenge to show its application
to a specialty that is not part of the clinical routine
in dentistry, such as Forensic Dentistry. Thus, in
spite of this type of review integrating existent in-
formation in an efficient format and providing data
for rational decision-making, such studies are rare-
ly observed within Forensic Dentistry.

Thus, considering the importance to society
of estimating age, and that a simple and efficient
method for use in adults would facilitate the pro-
cess of identification in Brazil, we chose to evaluate
the efficiency of Lamendin’s technique.
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MATERIAL AND METHODS

Finding the studies

We collected diagnostic studies of Lamendin’s
method for estimating age, alone or in comparison
with another method, provided that they presented
the results of each method individually.

The data of the results of interest include the
comparison of dental age obtained as a result of
the application of the method with the previously
known chronological age.

The identification was performed by search-
ing for articles in the MEDLINE, LILACS, and
EMBASE databases, using the terms “Lamendin”,
“age estimation”, “dental age estimation”, “adult
dental aging technique”, “age determination”, and
“age determination by teeth”.

At first, we carried out the so-called selection
stage, in which the articles identified by the inclu-
sion criteria were once again evaluated, but this
time in accordance with the exclusion criteria of
the systematic review. In this stage, we observed
whether the studies published the results of the
application of Lamendin’s method, comparing
chronological and estimated ages; whether there
had been any change in the original technique; and
whether individuals under 25 years old had been
included in the sample.

To reach the final sample, the selected articles
went through the process of classifying the quality
of evidence, with the help of the QUADAS scale® for
diagnostic studies of accuracy, adapted to the stud-
ied method. Two examiners performed this stage,
so that the studies were only included if there was

agreement between the two examiners.

CRITICAL EVALUATION

Since the efficiency of the age estimation methods
were analyzed in a different way from that of con-
ventional diagnostic tests, the data collection table
created for this study deviated from the tables more



Lopes JR ¢ Fernandes VIVI ¢ Michel-Crosato E ¢ Melani RFH < Oliveira RN

commonly observed in systematic reviews of diag-
nostic test studies. In this case, the most important
issue was to verify to what extent the estimated age
approximated the chronological age, which were the
factors that could influence the process of estimation,
and whether the methodology applied was reliable.

For this purpose, the following data were
recorded:

¢ Population: The country of origin of the sample,
or whether it belonged to some collection or
presented some particularity.

e Burial: Whether this occurred and how long ago.

¢ Exposure: Whether the sample was exposed to
any substance or element, and what it was.

¢ Dental Condition: The state in which the stud-
ied teeth were found.

e Size of the Tooth/Skull sample (T/S): The num-
ber of teeth and skulls of which the sample was
composed.

o Standard Reference: Source of obtaining the
chronological age.

e Doubt in the standard reference: Whether the

age obtained as standard reference left room for

doubt.

Blind: Whether the specific study had been

conducted in this manner or not.

o Intra-examiner: Whether the intra-examiner
variance was verified.

o Inter-examiner: Whether the inter-examiner
variance was verified.

¢ Groups: Into which types of groups the sample
was divided.

e Best result (group): Which groups presented
the best results of the study in question.

e Mean value of differences: What was the mean
value of differences calculated for the groups of

age-ranges.

P (estimated x chronological age): Whether P
was presented for the comparisons between
estimated age and chronological age.

¢ Specific formula: Whether the study developed
a specific formula for the studied population.

¢ Best result (formula): When a new formula was
developed, was there any record of whether it
presented better results than the original for-
mula of Lamendin’s method.

e Statistical proof (formula): Whether there was
statistical comparison between the results of
the original and specific formula.

After gathering and tabulation of the data, the in-
formation obtained was descriptively analyzed and
examined in the form of a meta-analysis as well.
Statistical treatment was performed with the software
program BioEstat® 5.0, with 95% confidence interval

The study was properly approved by the
Research Ethics Committee of the School of
Dentistry of University of Sao Paulo, with protocol
number 76/11 and CAAE 0086.0.017.000-11.

RESULTS

The process resulted in 13 identified articles
which met the inclusion criteria, all being products
of searches in the online databases. The chosen ar-
ticles were the following:

1. Baccino E, Ubelaker DH, Hayek LAC, Zerilli
A. Evaluation of seven methods of estimating
age at death from mature human skeletal re-
mains. J Forensic Sci.1999 Sept;44(5):931-6.

2. Foti B, Adalian P, Signoli M, Ardagna Y, Du-
tour O, Leonetti G. Limits of the Lamen-
din method in age determination. Fo-
rensic Sci Int. 2001 Nov 1;122(2-3):101-6.
doi:10.1016/S0379-0738(01)00472-8.

3. Gonzilez-Colmenares G, Botella-Lépez MC,
Moreno-Rueda G, Fernandez-Cardenete JR.
Age estimation by a dental method: A com-
parison of Lamendin’s and Prince & Ubelaker’s
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technique. J Forensic Sci. 2007 Sept;52(5):1156-
60. doi: 10.1111/j.1556-4029.2007.00508.X.
4. Kimmerle EH, Prince DA, Berg GE. Inter-
observer variation in methodologies involv-
ing the pubic symphysis, sternal ribs, and
teeth. J Forensic Sci. 2008 May;53(3):594-
600. doi: 10.1111/j.1556-4029.2008.00715.X.
5. Lamendin H, Baccino E, Humbert JF, Tav-
ernier JC, Nossintchouk RM, Zerilli A. A
simple technique for age estimation in adult
corpses: The two criteria dental meth-
od. J Forensic Sci. 1992 Sept;37(5):1373-9.
6. Martrille L, Ubelaker DH, Cattaneo C, Se-
guret F, Tremblay M, Baccino E. Compari-
son of four skeletal methods for the esti-
mation of age at death on white and black
adults. J Forensic Sci. 2007 Mar;52(2):302-
7. doi:  10.1111/j.1556-4029.2006.00367.X.
7. Meinl A, Huber CD, Tangl S, Gruber GM, Tes-
chler-Nicola M, Watzek G. Comparison of the va-
lidity of three dental methods for the estimation
of age at death. Forensic Sci Int. 2008 Jul;178(2-
3):96-105. doi: 10.1016/j.forsciint.2008.02.008.
8. Prince DA, Konigsberg LW. New formulae for
estimating age-at-death in the Balkans utiliz-
ing Lamendin’s dental technique and Bayesian
analysis. J Forensic Sci. 2008 May;53(3):578-

87. doi: 10.1111/j.1556-4029.2008.00713.X.
9. Prince DA, Ubelaker =~ DH. Applica-
tion of Lamendin’s adult dental ag-

ing technique to a diverse skeletal sam-
ple. J Forensic Sci. 2002 Jan;47(1):107-16.
10.Sarajli¢ N, Cihlarz Z, Klonowski EE, Selak
I, Brki¢ H, Topi¢ B. Two-criteria dental ag-
ing method applied to a Bosnian popula-
tion: comparison of formulae for each tooth
group versus one formula for all teeth. Bosn
J Basic Med Sci. 2006 Aug;6(3):78-83.
11.Schmitt A, Saliba-Serre B, Tremblay M, Mar-
trille L. An evaluation of statistical meth-
ods for the determination of age of death
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using dental root translucency and periodon-
tosis. J Forensic Sci. 2010 May;55(3):590-
6. doi: 10.1111/j.1556-4029.2010.01341.X.
12.Soomer H, Ranta H, Lincoln MJ, Penttila
A, Leibur E. Reliability and validity of eight
dental age estimation methods for adults.
J Forensic Sci. 2003 Jan;48(1):149-52.
13.Ubelaker DH, Parra RC. Application of three
dental methods of adult age estimation from
intact single rooted teeth to a Peruvian sam-
ple. J Forensic Sci. 2008 May;53(3):608-
11. doi:  10.1111/j.1556-4029.2008.00699.X.

For the effect of practicality, these articles will
be referred to by their corresponding numbers in
the abovementioned description of the selection
process.

After identification of the studies, we conducted
the selection stage. At this point, the studies that
fitted into the exclusion criteria of the systematic
review were discarded. Thus, those that changed
the original technique in an unacceptable manner
or failed to present statistical results regarding the
efficacy of the method were excluded. An example
of acceptable change is the use of a pachymeter
to replace the millimetric ruler, and the dry point
compass to measure the variables. Therefore, ar-
ticle 3 was excluded because it measured the root
transparency on the distal surface, in contrast to
the original method, while articles 4 and 11 were
excluded because they only compared the variance
of the examiners when making measurements and
only performed statistical tests to confirm whether
there was a relationship between the variables and
age, respectively, both without worrying about re-
flecting the efficacy of the method.

Since the used formula does not allow age es-
timation of those under 25 years old, the studies
with samples that included individuals of up to 24
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years were only accepted when they presented in-
dependent results for the age groups. Thus, it was
possible to evaluate only the results of the groups
over 25 years old, with the intention of avoiding
this bias. In articles 7, 8, and 13, the results were
presented in age groups, and therefore, in spite of
including individuals under 25 years old in their
samples, they were not excluded. Whereas in stud-
ies 1 and 12 the samples were analyzed as a single
group, and were thus discarded. Afterwards, the
texts of the selected studies — 2, 5, 6, 7, 8, 9, 10,
and 13 — were fully evaluated in accordance with
the level of scientific evidence. At this stage, the
QUADAS evaluation table was used because it has
been specifically developed for diagnostic accuracy
tests.®

Table 1 | The QUADAS tool.

Iltem

Originally, the QUADAS evaluation table con-
sisted of 14 questions that could be answered with
“Yes”, “No”, and “Uncertain” (Table 1). However,
as an age estimation method, it does not consti-
tute a typical diagnostic test, and some adapta-
tions to the evaluation table were necessary, so
that it could be suited to the technique. Ages at
death varied from 30 to 81 years, with mean of
49.08 years.

Items 3, 4, 6, 7, 9, 11, 12, and 13 were excluded,
mainly because they dealt with the standard refer-
ence that, because it was chronological age, did not
allow interpretations and description of the meth-
od, in addition to not undergoing alterations with
time, with these characteristics being questioned
in the items excluded.

1. Was the spectrum of patients representative of the patients who will receive the test in practice? () () ()

2. Were selection criteria clearly described?

3. Is the reference standard likely to correctly classify the target condition?

4. Is the time period between reference standard and index test short enough to be reasonably sure that the

target condition did not change between the two tests?

5. Did the whole sample or a random selection of the sample receive verification using a reference standard of

diagnosis?

6. Did patients receive the same reference standard regardless of the index test result? () () ()

7. Was the reference standard independent of the index test (i.e. the index test did not form part of the reference

standard)?

8. Was the execution of the index test described in sufficient detail to permit replication of the test? () () ()

9. Was the execution of the reference standard described in sufficient detail to permit its replication? () () ()

10. Were the index test results interpreted without knowledge of the results of the reference standard? () () ()

11. Were the reference standard results interpreted without knowledge of the results of the index test? () () ()

12. Were the same clinical data available when test results were interpreted as would be available when the

test is used in practice?

13. Were uninterpretable/ intermediate test results reported?

14. Were withdrawals from the study explained?

Source: Whiting et al.’
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At the end, there were remaining items in
numbers 1, 2, 5, 8, 10, and 14. The articles that
were approved in the selection stage were then
evaluated by two examiners in this exclusion
stage. The items were responded in the following

manner:

1. Was the spectrum of patients representative of
the patients who will undergo the test in
practice?

The answer to this question is “Yes” when the
sample had demographic and clinical charac-
teristics similar to those of the group that will
undergo the test in practice. Therefore, balance
between the number of individuals of both sex-
es and age groups was considered. In forensic
cases, it is common for there to be more male
than female individuals, but, when the dis-
crepancy was very large, the sample could be
considered representative if the authors men-
tioned the choice of cases to balance them, for
example, producing the mean of similar ages.
If the sample was made up of part of a collec-
tion, then it was necessary for the authors to ex-
plain the choice of included cases to which the
answer would be “Yes”.

2. Were the selection criteria clearly described?

To answer “Yes” to this question, it is neces-
sary for the inclusion and exclusion criteria
to be clearly explained in the study. It was
considered sufficient for the studies to have
stated the origin of the individuals, and the
type and conditions of the teeth used in the
sample.

5. Was the entire sample or a random part of it

verified in accordance with the standard
reference?

104 e Clin Lab Res Den 2015;21(2):99-109

The intention in this item is to know whether
the results obtained by the test under study
were verified, in all or in part of the sample, by
the standard reference. In the case of this study,
the answer was “Yes” if the estimated ages were
compared with the individuals’ chronological
ages.

. Was the performance of the test under study

described in sufficient detail to allow replica-
tion of the test?

If the explanation of the technique of the test
under study left no doubts about how it was per-
formed, the answer given was “Yes”.

10.Were the results of the test under study inter-

preted without there being any knowledge of
the standard reference?

To exclude the possibility of influencing the re-
sults of the test under study, it is necessary for it
to be performed without one knowing the result
of the standard reference. Therefore, if the re-
searchers did not know the chronological age of
the individuals when they applied the test under
study, the answer given was “Yes”.

14.Were the desistances/exclusions from the study

explained?

When studies are conducted with patients, it is
possible that some of them quit or simply do not
continue with the necessary follow-up; when
this occurs, these desistances must be explained
by the authors. In the case of the studies in
question, it is possible that after application of
the test under study, some characteristics of the
individuals may be perceived, which prevents
them from remaining in the sample. If these
exclusions were explained, or if there were no
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reasons to suspect that there were exclusions,
the item was marked as “Yes”."

As a parameter for inclusion, it was considered
that at least 50% of “Yes” answers would be ad-
equate. Since the eight questions excluded could
also be answered as “Yes”, with over 50% positive,
the studies would have a minimum of 11 affirma-
tive responses. In cases in which the evaluation dif-
fered between the two examiners, the most nega-
tive result was considered, so that there would be
no doubt about the quality of the study in question.
The results were grouped in Table 2.

Table 2 | Quality of evidence of articles with modified QUADAS.

Study

As may be observed in the chart, articles 6 and
10 had four “Yes” answers, that is, the lowest num-
ber of positive results. Articles 2, 5, 9, and 13 had
five “Yes” answers, while numbers 7 and 8 had all
positive responses. Thus, all the articles fulfilled
the requisite and were accepted for the systematic
review.

The data of each of the studies was collected, as
shown in Table 3.

It may be observed that many data referring to
the conditions of the sample, such as burial, expo-
sure to substances, or status of dental units are not
specified by the authors.®15

m_ :: <
© © 3 g 5 S =@ i 2
“, — =9 - ©
= [ © c = [=Ear © [
b = B 5 oo of @ T
o ° 2 — o Y o 8 o X =
= = = E £2 £3 = &
ltem 2 c = 2 a9 a>S = S
g = &
1. Was the spectrum of patients representative
of the patients who will undergo the test in Yes Yes Uncertain = Yes Yes Yes No Yes
practice?
2. Were the selection criteria clearly described? Yes Yes Yes Yes Yes Yes Yes Yes
5. Was the entire sample or a random part of
it verified in accordance with the standard Yes Yes Yes Yes Yes Yes Yes Yes
reference?
8. Was the performance of the test under study
described in sufficient detail to allow replication Yes Yes No Yes Yes Yes Yes No
of the test?
10. Were the results of the test under study
interpreted without there being any knowledge = Uncertain Uncertain Yes Yes Yes  Uncertain = Uncertain Yes
of the standard reference?
14. Were the desistances/exclusions from the
/ Yes Yes Yes Yes Yes Yes Yes Yes

study explained?

It was not always explicit how the chronologi-
cal age was obtained, mainly in cases in which the
sample formed part of a collection. It is known that
age is identified due to the register of the collection,
but it is not known how the information for the reg-
ister was first collected.

We also noted that most studies9*+13151¢ did not
make it clear whether they were blind studies or
not, but at least half of them provided intra- and

inter-examiner statistics, while one was imprecise
regarding this.

All the studies divided the sample into age
groups and proved that the method presents di-
vergent results in different age-ranges. Four stud-
ies'21416 observed that the groups with more pre-
cise age estimations were those of up to 50 years
of age, differently from the remainder of the
researches.
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o Systematic review of Lamendin’s dental age estimation method

In addition, some authors divided their samples
according to sex, ancestry, type of tooth, and maxilla,
but the results of these groups were also not constant.
Studies showed better results for males'>°, females",
and no differences observed between the sexes'.

Of the two articles that compared the types of
teeth, one® observed more precise results in ca-
nines, while the other# found greater agreement
between mandibular central incisors.

On the other hand, Prince and Ubelaker
observed differences between Caucasians and
Afro-descendants, but did not go into the subject
in-depth, and did not specify whether one group
would be more precise than the other, in dis-
agreement with Martrille et al.,* who observed
better results in Caucasians. Foti et al.*® also
found greater precision in the mandible than in
the maxilla.

The means of the differences in the age groups
ranged from 2.95 to 32.6. It was possible to observe
that the very high values occur only in older indi-
viduals. The best mean values of each study ranged
from 2.95 to 6.8; it is worth pointing out that this lat-
ter value belongs to a group that included individuals
under 25 years old. However, only Foti et al.*® calcu-
lated the P to verify whether the differences found
would be statistically significant.

Lastly, the data regarding the development of
a specific formula for the researched population
showed that, of the five articles that could develop
one, threes* did so. Moreover, it was found that
in general, these formulas provided better results
than the original formula, but Ubelaker and Parra's
did not use statistics to show that the new formula
produced significantly better results.

The meta-analysis show by age groups 30-39,
40-49, 50-59, and 60-69, used by the studies'+'®
that the real and estimated ages have the follow-
ing y differences: 4.30 years (p < 0,01), 5.27 years
(p < 0,01), 9.07 years (p < 0,01), and 16.62 years
(p < 0,01), respectively.
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The group of up to 29 years old was excluded be-
cause it comprised individuals under 25 years old.

DISCUSSION

Enhancing and updating the review

The studies could have had some more meth-
odological rigor regarding the balance of the sam-
ple and its particular characteristics. However,
the methodologies used were sufficient to provide
the results with quality evidence and verify that
Lamendin’s method is efficient. Nevertheless, due
to the different results presented by the diverse
samples, we suggest that the method should be
tested in the population in which one intends to
apply it, to verify in which age range it produces
the best results, and thus, diminish the possibility
of error. A constant factor in the researches is the
observation of overestimations in young individu-
als and underestimations in older subjects. In addi-
tion, the technique loses its efficacy when applied to

individuals of over 60 years of age.
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