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responsible for errors or any consequences arising from the use of information contained in
Asian Archives of Pathology. It should also be noted that the views and opinions expressed in
this journal do not necessarily reflect those of The Royal College of Pathologists of Thailand
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ORIGINAL ARTICLE

A comparison of age estimation accuracy in
Thai aged 13 to 18 years by wrist radiography
and dental radiography

Pan Jantamattukarn, M.D.%, Jitta Udnoon, M.D."", Praman Fuangfa M.D.?
and Sitra Sankanjanavanit, D.D.S., M.S,, Ph.D.?

1 Forensic Medicine, Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol
University

2 Diagnostic Radiology, Department of Diagnostic and Therapeutic Radiology, Faculty of Medicine
Ramathibodi Hospital, Mahidol University

3 Dentistry Unit, Faculty of Medicine Ramathibodi Hospital, Mahidol University

Correspondence to: Jitta Udnoon, M.D., Forensic Medicine, Department of Pathology, Faculty of Medicine Ramathibodi

Hospital, Mahidol University, Email: sleep_poon@yahoo.com
Conflict of interest: The authors declare that they have no conflicts of interest with the contents of this article.

Submitted: 4 March 2022
Accepted: 21 April 2022
Published: 1 September 2023

Abstract

Background: For trials in children and adolescents, acknowledging their ages in
lawsuits is necessary. Radiography of wrist bone growth by Greulich & Pyle and dental growth
by Demirjian are the standard methods used for age assessment worldwide. However, there
are conflicts in age estimation.

Objective: To compare the accuracy of age estimation between wrist and dental

radiographs.

Materials and Methods: The 2-year Ramathibodi Hospital database (Aug 2019 — Jul
2021) of wrist bone and dental radiography of 13-18 years old patients was analyzed and
compared the estimated age with chronological age. The data from 4 volunteers who
participated by taking both radiographs were included.

Results: There were a total of 60 films of wrist radiography and 56 films of dental

radiography. According to estimation by Cohen's kappa statistic, it demonstrated that wrist
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radiography was slightly more accurate. However, both methods had relatively low reliability
(Fair agreement) and estimated ages tended to be older than the chronological ages.

Conclusions: The age estimation is not suitable to use only one of the methods, or
to use the mean. The estimation methods should rather be improved. Or other reliable
methods should be added or substituted.

Keywords: age estimation, Thai adolescent, wrist radiography, dental radiography

Introduction

Age estimation is essential in several situations, such as growth monitoring, refugee
registration, legal judgment, and personal identification. Calendar age is frequently compared or
confirmed with the bone formation and maturity on the radiographic image. The most suitable
and accurate age estimation method for living individuals is depended on their skeleton
development . For example, deciduous tooth eruption and maturation are suggested in young
children while third molar development is available after 5 years of age @ As for teenagers and

) @ and dental

adolescents, age assessment by wrist radiography (Greulich and Pyle method
radiography (Demirjian's method) ® are the majority uses because these two methods are simple,
inexpensive, and non-intrusive. However, the accuracy of age estimation results remains doubtful
due to the key issue of ethnic difference . According to the law in Thailand, the ages of offenders
and victims are crucial to determining punishment, particularly sexual guilts. The milestone ages
include 13, 15, and 18 years. This minor difference in ages consequently causes slightly different
physical appearances among these ages. Uncertain age acknowledgment might cause errors and
injustice of prosecution in child and juvenile cases.

The accuracy of age estimation using wrist and dental radiographs in the previous
literature displayed the conflict results. On the contrary, the majority of the research agreed
that age assessment was more accurate in males. In India, left wrist bone radiography (Greulich
and Pyle method) is compared with dental radiography (Demirjian's method). It was found that
dental radiography is as reliable as wrist bone radiography and can be a substitute for each
other as the age estimation tool . The research result of the bone age by dental radiography
in 547 individuals who were in aged 7-25 years in India revealed that the mean error of age
was 1.29 years ©. According to wrist radiography in 406 participants in the age range of 0-20
years in Scotland, it was found that the mean error in females was 14.97 months and in males
was 14.16 months . For wrist radiography in 767 participants in the age group of 7-17 years
in Turkey, the mean error in females was 1.1 years and in males was 0.6 years®. There are still
a few research papers on the experimental comparison of age estimation methods by
radiography of the different positions. Although there is comparative research on age
estimation by the wrist and dental radiography in lItaly, the groups of participants were

different. The concluded standard deviation (S.D.) presented that wrist radiography was more
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accurate than dental radiography with 0.522 versus 0.76.. However, the comparison of
radiography in a Finnish body caused by a Tsunami in Thailand displayed a different outcome,
the result showed that dental radiography was better at 5.2 months less than the
chronological age while wrist radiography was 9.7 months less than the real age 7.
According to the book "Guidelines on Child Age Assessment in Lawsuits, Ministry of
Public Health (Revised Edition, 2021) (“), the assessment methods in lawsuits are stated in the
diagram on page 42. This flowchart demonstrates Thai standard guideline which mentions that
the uncertain age children will undergo a physical examination, weighing, height measurement,
and investigation of dental age and bone age. The external examination will be compared
with the database of Thai weight and height ages. The bone age is estimated by wrist
radiograph using the standard Greulich and Pyle method. As for dental age, the assessment is
applied by combining methods of standard Demirjian and 3™ permanent molar estimation by
Gleiser and Hunt 2. The second one was brought from the research published in 2009 by
Thevissen et al. who studied 1,199 panoramic dental films of the Thai population (613 females
and 686 males). All of this information will be used for age estimation, however, in the case
of children suspected age over 13 years, the guideline recommends relying mainly on dental
and bone ages. The intersection of different age range results obtained by more than one
method is suggested. For instance, if the result of a physical examination represents an age
below 15 years and the result of a dental examination reveals an age range of 13-17 years,
the final age range should be 13-15 years. Even the result interpretation of the age assessment
might come out in ranges, for conclusions, physicians are supported to write only one digit
based on a single number with the highest probability, or still possible to write in an age range.
In case the physicians report the estimated age as one digit, the legal officers should be aware
that children might be aged in age ranges. Although there is a guideline generated by the
government, the incongruent results were encountered in the real practice which caused
problems determining age estimation. The authors doubted which method of bone age

assessment is the most accurate for Thai teenagers.

Materials and Methods

This study is mixed-method research between a cross-sectional prospective study and
a retrospective study as follows.

1. Prospective group: Patients in the age range of 13-18 years who received dental
radiographic study at Dental Care Center, Faculty of Dentistry, Ramathibodi Hospital, and took
an additional left wrist radiograph on the same day for age comparative estimation. The data
of the patients had been collected for 10 months from October 2020 to July 2021.

2. Retrospective group: Dental and left wrist radiography of the patients aged between
13 and 18 years old were searched from the 2-year database of Ramathibodi Hospital (Aug
2019 - Jul 2021).
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The inclusion criteria in both groups were Thai nationality and the age range of 13-18 years
with acknowledgment of their exact dates of birth. For the prospective group, the participants
and their parents consented to join the experiment and accepted taking additional wrist
radiography. The exclusion criteria were the participants with problems related to bone and
dental growth and the participants who underwent severe accidents around the assessed area
of the dental and left wrist radiographs that disturbed age estimation. This study was approved
by the human research ethics committee, Faculty of Medicine Ramathibodi Hospital, Mahidol
University (COA. MURA2021/25).

All of the dental and left wrist radiographic data were coded for blinding and sent to
the co-researchers for further age estimation by the experts using Demirjian's combined with
Gleiser and Hunt methods for dental radiography and Greulich and Pyle method for left wrist
radiography. The chronological age and estimated age were classified into three groups, 13-
less than 15 years, 15-less than 18 years, and 18 years or above. As for the dates later than a
month, if over or equal to 15 days, they were rounded up to 1 month. The data were recorded
in Microsoft Excel and the correlation was analyzed by Stata version 17. The second program
also calculated the proper sample size for each procedure at above 50 samples. Because it
was the comparison of statistical reliability between the two independent groups, inter-rater
reliability, called Cohen's kappa statistic was commonly used '*. The results would be

compared and interpreted according to Cohen's kappa level of agreement in Table 1.
K= (po - pe) /(1 - pe)
po referred to the proportion of k raters with a slight — perfect agreement.

pe referred to the proportion of k raters with an accidental agreement

Table 1: Interpretation of Cohen’s Kappa statistic values.

Cohen’s Kappa Interpretation
0 No agreement
0.10-0.20 Slight agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-0.99 Near perfect agreement
1 Perfect agreement

Results

There were 4 participants in the experiment who underwent both dental and left wrist

radiography. All of them were female in the age range of 15-less than 18 years. The 2-year
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retrospective database provided 56 left wrist radiography, plus 4 participants, there were a
total of 60 films. The 52 dental radiographs were found during the same period, add with 4
participants, there were 56 samples in total.

For wrist radiography, there were 34 males (56.67%) and 26 females (43.33%) and for
dental radiography, there were 22 males (39.29%) and 34 females (60.71%). The chronological
ages in both methods were mainly in the age range of 15-less than 18 years which involved
82 from 116 samples (70.69%) as presented in Table 2. Ages estimated by radiography showed
similar data with the majority of the age range being 15-less than 18 years. There were 62 from

116 samples (53.45%) in this age group.

Table 2: The number of both radiographies, classified by sex and chronological age groups.

Male Female Total
Wrist radiography 34 (56.67%) 26 (43.33%) 60
Dental radiography 22 (39.29%) 34 (60.71%) 56
Real age range Number Percentage
13-<15 32 27.59
15-<18 82 70.69
>=18 2 1.27
total 116 100.00

The overview interpretation of both dental and left wrist radiography displayed that
the correctly estimated age from a radiograph of the chronological age group 13- less than 15
years was 18 from 32 (56.25%), calendar age group of 15- less than 18 years was 48 out of 82
(58.54%), and the real age group 18 years or above was 2 from 2 (100%). The calculated
reliability by applying Cohen's kappa statistic was 0.2735, implying a fair agreement as seen in
Table 3.

Table 3: Comparison between chronological ages and estimated ages by both
radiography and the reliability of estimated ages when compared with

chronological ages by Cohen's kappa statistic.

Estimated age

13- <15 15-<18 >=18 Total
Chronological age
13 - <15 18 (56.25%) 14 (43.75%) 0 (0%) 32 (100%)
15-<18 2 (2.44%) 48 (58.54%) 32(39.02%) 82 (100%)
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>=18 0 (0%) 0 (0%) 2 (100%) 2 (100%)

Total 20 (17.24%) 62 (53.45%) 34 (29.31%) 116 (100%)
Agreement agreement Kappa Std. err Z Prop>Z
58.62% 43.04% 0.2735 0.0574 a7 0.0000

According to the data demonstration of wrist radiography, the estimated ages of the

chronological age group 13- less than 15 years were correct at 9 from 18 (50.00%), and the
real age group of 15- less than 18 years was 29 out of 42 (69.05%). No participant who was 18
years old or above was found in wrist radiographic samples. The calculated reliability by using
Cohen's kappa statistic was 0.2834, implying fair agreement as displayed in Table 4.

Table 4: Comparison between chronological ages and estimated ages by wrist
radiography and comparison between estimated ages and chronological ages
by Cohen's kappa statistic.

Estimated age
(Wrist) 13 - <15 15 - <18 >=18 Total
Chronological age

13 - <15 9 (50.00%) 9 (50.00%) 0 (0%) 18 (100%)
15 - <18 0 (0%) 29 (69.05%) 13 (30.95%) 42 (100%)
Total 9 (15.00%) 38 (63.33%) 13 (21.67%) 60 (100%)
Agreement agreement Kappa Std. err Z Prop>Z

63.33% 48.83% 0.2834 0.0857 3.31 0.0005

For dental radiography, the correctly assessed age from a radiograph of the
chronological age group 13- less than 15 years was found in 9 of 14 participants (64.29%),
calendar age group of 15- less than 18 years was 19 from 40 (47.50%), and the actual age
group of 18 years or above was 2 out of 2 (100%). The reliability calculated by Cohen's kappa

statistic was 0.2646, implying a fair agreement as seen in Table 5.

Volume 5 | Number 3 | July — September 2023



Asian Archives of Pathology

Table 5: Comparison between chronological ages and estimated ages by dental

radiography and comparison between estimated ages and chronological ages

by Cohen's kappa statistic.

Estimated age

(Dental) 13-<15 15-<18 >=18 Total
Chronological age
13 - <15 9 (64.29%) 5(35.71%) 0 (0%) 14 (100%)
15-<18 2 (5.00%) 19 (47.50%) 19 (47.50%) 40 (100%)
>=18 0 (0%) 0 (0%) 2 (100%) 2 (100%)
Total 11 (19.64%) 24 (42.86%) 21 (37.50%) 56 (100%)
Agreement agreement Kappa Std. err Z Prop>Z
53.57% 36.86% 0.2646 0.0755 3.51 0.0002

According to the analysis of age estimation of those 4 participants who received both

methods of radiography, it was found that all of them (100%) had the correct estimated age

of 15- less than 18 years by wrist radiography, and only 1 participant (25%) received the correct

age assessment by dental radiography as presented in Table 6.

Table 6: Comparison between chronological ages and estimated ages of participants who

underwent both methods of radiography.

Chronological age Age by wrist radiography Age by dental radiography
15.42 16 15.6
15.58 15 18.24
15.58 15 18.03
15.58 16 18.03
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Discussion

According to age estimation in the 4 participants taking both methods of radiography,
the wrist radiograph was more accurate than the dental radiograph, however, due to the
limited sample size, further study with enough participants is recommended. To evaluate the
children suspected of age between 13 and 15 years, dental radiography seems to be the
preferable method with an accuracy of 64.29% compared to 50.00% of wrist radiography. On
the contrary, if the individuals are likely to be in the age range of 15-18 years old, a wrist
radiograph tends to provide a better result with 69.05% accuracy compared with 47.50% by a
dental radiograph.

In the samples with the chronological age range of 13-18 years at Ramathibodi Hospital in
the past 2 years (Aug 2019 - Jul 2021), age estimation by wrist radiography displayed slightly more
accuracy than that of dental radiography by Cohen's kappa statistic of 0.2834 versus 0.2646.
Nevertheless, both wrist and dental radiographic methods are considered in the same level of
reliability as fair agreement (Cohen's kappa 0.21-0.40) to be used as the substitutes for real ages.
The majority of age assessment results that came from both methods of radiography tended to
overestimate the chronological age (bone age > chronological age). These findings from this study
were consistent with the results of previous literature. Some of the researchers noticed that age
estimation by wrist radiography or dental radiography in many recent research papers had broader
S.D. values with lower accuracy. In addition, most of the ages obtained by radiography were older

67919 There might be several factors influencing current populations to

than chronolosical ages
have faster bone and dental growth than in the past, for instance, race, lifestyle, and food. Several
dental care units have tried to improve Demirjian's method to be following their populations by
changing coefficients. However, there have not been any new standards of age estimation by

5612 The authors consider if these age assessment methods

dental radiography were established
are still suitable to apply for determining the ages of offenders or victims involved in juvenile
cases since age is an indispensable factor to settle punishment and detention places in lawsuits.
Many textbooks recommended inter-rater agreement (Cohen’s Kappa) above 0.80 (substantial
agreement) for the clinical laboratory while any methods that had Cohen’s Kappa below 0.60

@ Cohen himself suggested

were indicated as an inadequate agreement for laboratory testing
that the lowest acceptable level for the health-related study should be 0.41 or at least moderate

agreement 1.

Because age estimation in this research contained different groups of data, the
researcher viewed that it would be more beneficial for age assessment if wrist radiography is
directly compared with dental radiography based on the data of the same participants and
the same dates of radiography. For future research implementation, contacts for research
cooperation with educational institutions to search for participants at desirable age ranges

from various domiciles should be very useful.
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Conclusion

Both dental and left wrist radiography for age estimation in teenagers between 13 and
18 years old had relatively low accuracy (fair agreement) which was below the minimum
acceptable level of reliability in general. Therefore, it seemed inappropriate to apply only one
of the methods, even use both radiographs and try to intersect their results, or use the means
of both outcomes, they might still generate low accurate estimated age.

The researcher perceived the necessity to search for additional high reliable age
estimation methods or to improve the current/original methods of assessment to be following

the chronological ages of the current populations.

Limitation

Due to the pandemic of covid-19 infection during the study period, almost outpatient
appointments at Dental Care Center, Ramathibodi Hospital were canceled and indefinitely
postponed which dramatically affect the numbers of the volunteers. There was also an
asymmetrical distribution of numbers in each age group which was possibly influenced by the
age that teenagers got braces or sustained motorcycle accidents (the two majority reasons for

imaging that used in this research).
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Abstract

Background: Decomposition is a complex process that can be used to estimate the
time since death (TSD). The decomposition of human remains in terrestrial and water
environments have been investigated, but this process varies due to many factors

Objective: To investigate tropical decomposition scoring system (TDS) and factors
affecting decomposition process in Thailand

Materials and methods: A total of 203 cases of terrestrial and submerged bodies were
used to investigate decomposition process. The photographs were scored using the TDS.
Postmortem interval was estimated and using the accumulated degree hours (ADH). Different
postures and environments were compared using TDS.

Results: The moderate correlation between TDS and ADH was found (r = 0.423, p <
0.001), meaning this decomposition scoring system could be used to estimate time since
death. The TDS showed no statistical significance of decomposition process between
submerged and each posture of terrestrial environments (p = 0.273). This study also found a
significant difference of decomposition rate between supine and prone posture (t=2.677,
p=0.008), but not for the other posture (p>0.05).

Conclusions: This study indicates that decomposition is dependent on temperature

and body posture.
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Introduction

Estimation of the time since death (TSD) is one of the most significant issues in a
medicolegal investigations as it is able to affirm witness’s words, downscope a potential list of
assailants and also help determine a possible causes of death'”. Development of a reliable
method of TSD estimation has been so far conducted by several forensic pathologists and
taphonomists over the past few decades, including decomposition “®, decomposition combined
with accumulated degree days " and bacterial growth 7.

The process of decomposition is initiated immediately after death and continues until the

11-13) A conventional TSD estimation is based on a

body has been reduced to a dried skeleton (
gross observation of degree of soft tissue decomposition and scoring with several methods 7%
Galloway et al. were the first to attempt to quantify human decomposition stage by dividing
decomposition process into five broad stages: fresh (no visible discoloration); early decomposition
(bloating with pink-green-black discoloration); advanced decomposition (sagging of the flesh, some
bone exposure, mummification or adipocere formation); skeletonization (bones with a significant
loss of soft tissue coverage); and extreme decomposition (skeletons with bleaching or exfoliation)
® Several proposed TSD estimation methods of the decomposition stages are mainly calculated
from potential variables affecting the process i.e. temperature, moisture, seasonal time, insect
activity, and animal scavenging %°.

8.11-15) \/355 et

So far, temperature shows the most impact over a decomposition rate (
al.’”’ and Edwards et al."® similarly introduced the concept of accumulated degree days (ADD)
which is the sum of the average daily temperature in degrees Celsius above 0°C for the
duration that the body has been decomposing. Therefore, ADD represents a combination of
chronological time and temperature. Likewise, accumulated degree hours (ADH) are the
continuous addition of ‘energy hours’ from a starting point. ADH is normally used for shorter
period than ADD such as the development of insect larvae ‘"), In 2005, a hallmark
retrospective-study conducted by Megyesi et al. was the first to propose that a combined
calculation of ADD and a numerical representation of the degree of decomposition stage,
known as a Total Body Score (TBS), could quantitatively speculate TSD. In their study, a whole
body was divided into three parts: head and neck, trunk, and limbs — owing to different
decomposition manner to create TBS from a sum of scores of all body parts then putting in
the TSD equation together with ADD'®. However, Megyesi et al. emphasized that other
potential factors apart from accumulated time and environmental temperature such as

moisture, sunlight, insect access, and clothing might not involve in their study®.
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Though numerous novel methods have been developed to demonstrate more

151819 1 one s tailored

for specific geographic regions considering unique climate and environmental setting (59.12)

potential in accurate TSD estimation that is also able to use universally

Recently, there have been studies emerged to tackle this issue such as ones that are created
for the specific regions of the United State “® Australia®'®, and South Africa™. Unfortunately,
no specific method is suitable for tropical zone. In 2014, Meewuttisom and Poriswanish
proposed TSD estimation from 818 Tsunami victims in Thailand that the time of death and
time of postmortem examination are believed to be accurate ??. This study reveals that the
method coined Tropical Decomposition Score (TDS) based on soft tissue decomposition would
probably be pragmatic (2% However, all of the cases were submerged without comparison
with decomposition on land.

A differentiation of decomposition rate in different terrestrial body posture is made in
very few study. Vasquez (2012) analyzed an effect of upright posture on the decomposition
process and found that the body sitting on the chair had different patterns of decomposition
when compared with the body sitting against a wall and the body lying on the ground @y,
Shalaby et al. detailed a delayed progression of decomposition process in hanging pig
carcasses ??). In addition, a difference in decomposition process between terrestrial and
freshwater submerged bodies is important to consider. The early processes of freshwater

23-24) However, freshwater

decomposition are very similar to terrestrial decomposition
environment affects decomposition rate, making human remains in freshwater decompose
much more quickly than those on land **??. As in terrestrial studies, research into freshwater
decomposition is separated into distinct stage of decomposition, and large variations occur in
decomposition stages used and the analytical methods of each stage amongst each literature
125 Developments in the ability to estimate the TSD in terrestrial and freshwater environment
can provide more accurate estimation of the postmortem interval.

This study aimed to address two important issues. The first issue was to investigate the
use of tropical decomposition scoring system to demonstrate its potential in accurately
determining TSD of decomposed remains. The second was to compare different types of
terrestrial and freshwater environments, to observe the differences in decomposition rate.
These findings will give further information to help forensic pathologists to determine TSD of

bodies found in Bangkok, Thailand.

Materials and Methods

The study sample
The present study was carried out in Bangkok, Thailand from January 2016 to
September 2021. The study site is comprised of a metropolitan area of Bangkok, the capital

city of Thailand. The region experiences tropical climate, with average daily temperature of
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28.0°C. It is classified as Aw according to Képpen-Geiger climate classification system ). This
classification means Bangkok has an equatorial savannah with dry winter.

Ethical approval was granted by Human Research Unit of Faculty of Medicine Siriraj
Hospital, Mahidol University (SIRB Protocol No.1071/2563 (IRB2)). From 2016 to 2021, there
were a total of 8900 postmortem investigations at the unit of forensic pathology, department
of forensic medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand. To be included in this study, the following data had to be available: personal
identification data, date and time of last sighting, date and time of human remains recovery,
the posture of the remains, terrestrial or aquatic temperature, and good quality of postmortem
photographs of the face, trunk and the limbs. The human remains with missing parts were
also excluded from this study, in order that the state of decomposition could be scored from
the entire body. Children younger than 18 years of age had to be excluded from this study
due to their larger body surface area compared with body content [9]. After the selection, 203
cases were used for this study.

In this study, human remains were separated into two groups: submerged and
terrestrial groups. Submerged cases include bodies recovered from Chaophraya River with the
history of witness to their drowning while the other terrestrial deaths were divided into five
subgroups depending on their posture: hanging, sit, lying on the lateral side, prone, and supine
posture.

Measuring decomposition

The TSD was calculated for all cases in this study as the time between the last sighting
and recovery of the body. The state of decomposition was evaluated and scored from
postmortem photographs taken during the death scene investigation and medico-legal data
provided in forensic reports. The level of decomposition was evaluated using the
decomposition score adapted from Galloway et al.'*’, Megyesi et al.'® and Meewuttisom and
Poriswanish'?®) (Tables 1-3). Because the aim of this study is to investigate the method using
for estimating early postmortem interval in tropical country, the new scoring system was
developed. Eleven different features from the three main areas of the body (the head, trunk,
and extremities) were given a score between zero to four based on the most advanced
decomposition stage showed at the death scene. This system has been assigned to each
descriptive and sequential changes of skin discoloration and bloating as well as skin and hair
slippage showed by three regions separately, as each area do not necessary show the same
state of decomposition. The scores from all areas were combined to produce a tropical
decomposition score (TDS). The lowest score a case would receive was 0 (fresh in all areas)
and the highest score was 40 (dark green-black skin discoloration, total skin slippage and

deflated corpse).
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Table 1: Decomposition score for the head and neck

TABLE 1 - Categories and stages of decomposition for head

Skin discoloration (Chromatic phase)
(0 pt) Fresh, no discoloration

(1 pt) Pink skin discoloration

(2 pts) Skin marbling

(3 pts) Greenish skin discoloration

(4 pts) Dark green-black skin discoloration

Bloating (Gaseous phase)

- Eye

(0 pt) No eyelid swelling

(1 pt) Eyelid swelling, closed eyes
(2 pts) Eyelid swelling, partial eyes bulging
(3 pts) Full eyes bulging

(4 pts) Eyes deflated

- Tongue

(0 pt) No lip swelling

(1 pt) Lip swelling

(2 pts) Tongue protruding

(3 pts) Tongue deflated

Skin blisters and skin slippage

(0 pt) No skin blister

(1 pt) few skin blisters, no skin slippage

(2 pts) generalized skin blisters (<25% BSA of the head), mild skin slippage
(3 pts) Moderate skin slippage (25-75% BSA of the head)

(4 pts) Total skin slippage

Hair
(0 pt) No hair loss
(1 pt) Detachable hair loss
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Table 2: Decomposition score for the trunk

TABLE 2 - Categories and stages of decomposition for Trunk

Skin discoloration (Chromatic phase)
(0 pt) Fresh, no discoloration

(1 pt) Pink skin discoloration

(2 pts) Skin marbling

(3 pts) Greenish skin discoloration

(4 pts) Dark green-black skin discoloration

Bloating (Gaseous phase)
(0 pt) No change

(1 pt) Partial bloating
(2 pts) Full bloat

(3 pts) Partial deflation
(4 pts) Total deflated

Skin blisters and skin slippage

(0 pt) No skin blister

(1 pt) few skin blisters, no skin slippage

(2 pts) generalized skin blisters (<25% BSA of the trunk), mild skin
slippage

(3 pts) Moderate skin slippage (25-75% BSA of the trunk)

(4 pts) Total skin slippage
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Table 3: Decomposition score for the extremities

TABLE 3 - Categories and stages of decomposition for Extremities

Skin discoloration (Chromatic phase)
(0 pt) Fresh, no discoloration

(1 pt) Pink skin discoloration

(2 pts) Skin marbling

(3 pts) Greenish skin discoloration

(4 pts) Dark green-black skin discoloration

Bloating (Gaseous phase)
(0 pt) No change

(1 pt) Partial bloating
(2 pts) Full bloat

(3 pts) Partial deflation
(4 pts) Total deflated

Skin blisters and skin slippage

(0 pt) No skin blister

(1 pt) few skin blisters, no skin slippage

(2 pts) generalized skin blisters, mild skin slippage
(3 pts) Moderate skin slippage

(4 pts) Total skin degloved

Calculated accumulated degree hours (ADH)

Throughout the study, temperature data was obtained for each case from the nearest
weather station. The terrestrial temperature was obtained from Thai Meteorological
Department, Bangkok, Thailand, while hourly aquatic temperature was obtained from the
Metropolitan Waterworks Authority (MWA) in Bangkok, Thailand. Due to short period of study,
all temperature data was calculated in the form of hourly averages as the accumulated degree
hours (ADH). This was measured as follows: ADH = time [hours] x the average of the maximum
and minimum terrestrial or aquatic temperature (°C) for the hour.

Statistical analysis

The statistical analysis was carried out using SPSS for Window version 18.0. The
normality was tested and the TDSs were analyzed using Two-way ANOVA analysis to study the
differences of the decomposition process between each body posture and also between each

group of different environmental setting. The spearman correlation coefficient was used to
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test the correlation between the TDS and TSD. Also, linear models were used to explore the
relationship between ADH and measures of decomposition. Lastly, to test inter-observer

reliability, a set of photograph of 20 remains was randomized and re-evaluated.

Results

A total of 203 human remains cases have been selected from the case files. For
terrestrial environment, 158 cases met the study criteria, while 45 submerged cases from the
Chaophraya River were included. There were 171 males (84.2%) and 32 females (15.8%). The
mean age was 50 years with a minimum of 18 and a maximum of 83. Mean TSD was
approximately 64.3 hours (range 10-144, standard deviation (SD) + 27.1). Mean ADH data was
1894 (range 304 - 4284, SD + 819.9). Bodies were identified either submerged, hanging, sit, lying
on the lateral side, prone or supine posture. The majority of cases were found to be supine
posture (90 cases; 44.3%) while only 7 cases (3.5%) were found to die in sitting posture. In
addition, 45 cases (22.2%) were recovered from the freshwater surface. All of the terrestrial
cases died indoors. Certainly, it was unknown that the temperature of indoor environment
was. Thus, the authors decided to use a temperature close to the outside temperature.
Bangkok experiences hot temperatures, with an average daily temperature of 29.6°C (range
23.4-33.2,SD + 1.7) on land and 29.5°C (range 25.7-32.3, SD + 1.6) in the water.

The bodies were in relatively good condition. In terrestrial group, score 2 and 3 of skin
discoloration were assigned mostly to the head and trunk because of skin marbling and
greenish discoloration. In submerged bodies, partial or complete skin slippage was observed

mainly all the regions
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Table 4: Tropical decomposition score (TDS) for each study groups

Environment | TSD (hours) ADH Score
Mean | SD | Mean | SD | Mean | SD | Min | Max
Drowning 45 | 424 | 133 | 1232 | 419 | 26.6 9.5 6 40
Land

Hanging 11 | 58.8 | 23,5 | 1758 | 684 | 26.0 | 10.7 6 38
Lateral 17 | 70.2 | 253 | 2113 | 785 | 28.1 53 12 36
Prone 33 | 69.0 | 27.7 | 2029 | 856 | 30.1 6.0 5 39
Sit 7 | 61.7 | 189 | 1738 | 405 | 27.3 34 | 21 32
Supine 90 | 73.3 | 27.5 | 2167 | 827 | 27.0 7.9 5 40

The average values of TDS assigned to the study group are demonstrated in Table 4.
The TDS varied from score 5 to score 40, meaning the degree of decomposition in the study
group differed from a fresh state to advanced decomposition. Because this study was
interested in predicting ADH from an observation of decomposition process (TDS), the linear

regression was compared to give the resulting equation as follow:
Log ADH = 0.05(TDS) + 2.68 + 45.8

Where 45.8 is the standard error of the regression. The correlation between ADH and
TDS was significant, but in a moderate positive linear relationship (r = 0.423, p < 0.001). The
moderate correlation was also found between TSD and TDS (r = 0.437, p < 0.001). In addition,
TDS showed there was no statistical significance of decomposition process between freshwater
and each posture of terrestrial environments (p = 0.273). Therefore, the bodies recovered from
terrestrial and freshwater environments went through the same stage of decomposition. In
the study group, adipocere was not able to appear on submerges bodies.

Using posture variables, results showed a significant difference between supine and
prone posture (t=2.677, p=0.008). This study also showed no significant difference between
supine posture and the hanging, lateral and sitting posture (p > 0.05).

The reliability of this study, especially intra-observer variation, was also investigated.
Using Cohen’s Kappa coefficient, the average intraclass correlation coefficient (ICC) was 0.92
for inter-observer reliability. To conclude, the evaluation of TDS system between two authors

was excellent reliability .

Discussion

At the crime scene, a morphological evaluation of decomposition process and pattern

is the most common method to estimate TSD; however, it may vary depending on the
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inspector’s experience and crime scene environment. The TDS scoring system in this study
can be applied to score the decomposition of human remains in all tropical regions with a
similar climate as in Thailand (an equatorial savannah with dry winter (Kdppen-Geiger climate
classification ‘Aw’))?’. This method is a simple, practical and user-friendly technique to
estimate TSD. An autopsy is not required, so that it would be an obvious advantage for a
forensic pathologist to give correct post-mortem interval in the death scene.

The authors attempted to use the TDS to estimate soft tissue decomposition. This
scoring system uses the new criteria and terminology derived from the scoring system
introduced by Meewuttisom and Poriswanish, who developed the decomposition score from
Tsunami victims in Thailand ??’. The authors noted hair loss in scoring system which is not
accounted for in the original decomposition scoring system of Megyesi et al. ©®’. There were
also remains with skin slippage and degloving in this study. One reason is that this TDS system
in this study is applicable to use for the early to late stage of soft tissue decomposition, which
is the most common decomposition stage encountered in metropolitan city of Bangkok. No
skeletonization was represented in this sample. According to Mann et al., human remains
under warm to hot environment usually takes between 2-4 weeks to become nearly or

19 but the exact time is not known in Thailand.

completely skeletonized'

In this study, the moderate correlation was also found between ADH and TDS. This
may suggest that ADH was not fully successful to predict TSD of human remains with early
decomposition process. It is important to take into consideration that there were possible
temperature errors as well as micro-environmental differences affecting the decomposition
process. All of the human remains in this study are indoor bodies. This causes a major problem
because when the bodies were found, the authors could not know when the individuals died.
As a result, the authors could not precisely measure the exact indoor temperature of the
death scene during the time a deposited body was decomposing. In this study, the
temperature for the indoor bodies was estimated to have the same temperature as outdoor
environment. It is likely that this estimation is not accurate in all the terrestrial cases and this
creates some margin of error. Therefore, the distinction between outdoor and indoor
environments was not made in this study and this could be different in several variables e.g.
sun exposure and insect succession 1>

It is widely accepted that terrestrial decomposition differs from aquatic decomposition
(111219 Although the most logical reason of this finding was unanticipated, this study showed
that freshwater bodies decomposed at the same rate as terrestrial bodies. There are some
possible explanations for this finding. The early decomposition process of freshwater
decomposition is very similar to bodies decomposing on land *?. It was assumed to be
associated with temperature, as the temperature data in this study was very similar between
terrestrial and freshwater environments. Heaton et al. mentioned that time in the water and

temperature were the factors that affected substantially the decomposition process . Some
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different patterns of decomposition were observed in this study. Submerged bodies were
likely to have early skin slippage and degloving of their hands, which is common with
prolonged aqueous exposure 2% At the same postmortem period, bodies dying on land
showed much more skin discoloration resulting from denaturation of hemoglobin and its
relation with putrefactive gases 112

The second aim of this study was to find an effect of body posture on decomposition
process. The effect of posture on the decomposition rate and pattern was analysed in the
previous study ?*. In this study, comparative analysis between each terrestrial group showed
that a statistical significance was noted between supine and prone posture. Human remains
in the prone position, which the majority of the body lying horizontally with the face and
torso facing down toward the ground, were likely to decompose faster than those in the
supine position. This finding may be explained by the position of livor mortis. Livor mortis
develops over the front in the bodies who remain in the prone position, leading to blood
accumulation in the gastrointestinal tract especially large intestine. As a result, postmortem
bacterial overgrowth from blood pooling of livor and acceleration of soft tissue breakdown
would be increased in prone bodies. This study gives a source of information for future study
into the ways in which posture may have an effect on the decomposition process.

Some limitations occurred in this study. First, not every part of the human remains
could be visible on the photographs. Therefore, the TDS could be further along than is visible
on the photographs. Morphological scoring of the human decomposition can be more
accurate when the remains can be fully exposed. Second, it is not possible to control over all
variables in decomposition research. Some bodies were exposed to more insect activity than
others and not all bodies exposed to the exact same environmental settings such as
temperature and precipitation. Third, this study did not include human remains in the
advanced stage of decomposition. Fourth, this study showed a lack of ambient temperature
measurement. Further studies would benefit from more cases with outdoor environment and

include the later stage decomposition to validate the method.

Conclusion

This study produced preliminary outcomes in a tropical region that had not previously
been investigated for decomposition research. This study showed no statistical significance of
decomposition process between submerged and terrestrial environments. A significant
difference of decomposition rate between supine and prone posture was observed. This study
indicates that decomposition, when scored quantitatively and used to predict ADH, can
provide forensic physicians with a reliable and accurate method to estimate TSD. In addition,

this study indicates that decomposition is dependent on temperature and body posture.
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auUnfuavAuiiilsasig o uay ammssﬂ uan iy fONA Wunfausn aunsetade.e. 1966
I¢dauanlalu cDNA Bnads losaniimsduny cfONA Tudfuvesdihelsauindidaies (SLE) 1s
fTosniausinmesd Tsaladniau Tsafusoudniau lsadaluganind lsngldsniau lsaunalunssinig
21715 lsAsusniaulaslsaasnemsendu aeunlul f.A. 1977 Leon S.A. LavAME WUINTLAU
cfDNA TugfUhelsauzissfuunlifugandiauund wazwy cfONA ludfuveadUaefifinisgnatuves
L.ﬁya%’ﬁalﬂmui’mmaqaﬂdﬁ@’ﬂwﬁ”ﬂﬂ warlud A.A. 1997 Dennis Lo wazAmglansiany cfDNA
U%mmﬁaaﬁwé’qaaﬂmmﬂiumiﬁuﬁamlmﬁsuagﬂuLﬁammaﬂmimﬁ&gmﬁﬁ F9 CfDNA QN
i ldlunisnsiadansssmuidnunAvesn1snluassAandeau15a1 (Noninvasive prenatal
testing : NIPT)19

Tudagdulivuns19mlsans oA uEAUNAY09319N18910N150599 cfDNA Lag35n150 93
e (liquid biopsy) Liemniuiaiamsarildazmnuazsimds aunsaddedelsaldnusszey
Suduresnsialsa anunsadeszdanudsaielenialunsunsnszatsvesisald wazanunsath

NANISSNEUN I NDNTNENNIAINSAALSALS TI9LAUITORARILNANITASIFLALUU real time'™

o/

1. aganwaa ccfDNA

103n3v09 ccfDNA Usenaume 3 NTEUIUNITNENAD maﬂamﬂéaa%uﬁauﬁlﬁma (Release)
n13e8ngN5 (Biological activity) wazn1si1dn (Clearance)® Fuilowwadiinnsuiaiuidenienio
AnAuiaunAvesstaneauldannsnvhnsinevdefluyld (ireversible injury) dawalis1anig
Ann1sgeyidenissnwiauna (homeostasis) 3siludnismevewad (cell death) Inenszuiuns
meveaadiuansoutat 2 suuuundn fe
1. Necrosis \unismeveamadiilufildanunsamanisalld (unpredicable) Fvanaay
nandadeniguensie o 1Wu aumngll a1siadl 98 A1LREER N1IEYINBBNTLIY nsfaide vh
Teadlianusoimaunaldediedivssansnmisgydsnnuasalunismveslessy ihduda
n15eealuda (osmosis) Lunlwadvilviian1suinvedsad (cell swells) autlugnisunnves
wadudrUanUaseanseing o Aegnsluiwadesnunlusumuaddu q feglndidsaazazdnig
nsggulnasraoulsl cyclooxygenases Mlvinnsantauvaaead (inflammation) danalioadi
oy lndlAsnAnnsdniavuaziinnisnievesiead nu lnoiwad i noaziinnisgesaans
(phagocytosis) wuuliduwzuazazliaunsaadng ATP lanuias
2. Apoptosis {unsRYeusadfiiAnInnImUANLazdIdunse 1l sEUULUY
uw Wieleneansaiinsihaulfogund wazilelAnnstauveaduuileldegan

TneazlAnnN1sradlIveaas (cell shrinks) wazaz@aaiinisidioulailunisludalusaudulmdnas 1y
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caspase Feazdinisdnegainuunuilivadiinnisuans (budding) Iodugandiadn 9 Feni
apoptosis bodies Wﬂ,‘ma ¥AINADNITYDYAANY (phagocytosis) GmL%aaawlummﬁﬂamﬂaaamimq 9
pomnsUMuaddy 1 feglndifesiaililifanissnay fafuasfnnismevessadifiomi
LRG ImawL%aawagiﬂaLﬂmwlummmimmaaLsziaaLLazLsziaammaawmamwaaam ATP lauUn#
n¥rnfiianismevenradudazdmalitufiduerundniegmeusnieadgnidesesn
Mnadiinuudidosaesegisdaszeganelureavalluinnis wu den vy Ydaany diludu

nas wiserAsludesias warvsiinnisunsnszaelieiengdiung q4c”

2. anwzad cfDNA
CfDNA Ao FudruvosiiSuefidvundnersszduiidueaeiion (single-stranded DNA)
viemdueansg (double-stranded DNAMY fAifianueniuseanas 40-200 bp® uaziinrmiduduegi
Uszanas 30 ng/ml® Tuvaizflanefiduievesuyuduniazinnueogiivszanm 3x10° bp® uaxdl

" &9 cfDNA Huasdivnadinnduuinaansaeglaussunnu 15

mwmsﬁmﬁuaﬂﬁﬂizmm 50 ug/ml“o
YD 2 sz’ﬂ,m muuﬁmumimmﬂm cfDNA 13luraan cell free DNA blood collection tube 1/1
fJarsviesnenanineas LLassJUENLaulézjﬁlﬂm cfDNA ey ccfDNA Qﬂmma ylanusaiusne

meglauuetetes 14 Ju gaumgil 4-37°C"?

3. NMSNAAIULUIHUNIAUFNTIUVBY cfDNA
AMUUUTHUNITUTNTTY (genetic variations) 13LAATUNNAINAURAUNAYDITINIUYA
a & . N ° I a = & =~ o | .
ALouLe (copy number aberrations), N15LUA sUAWKUITIAA Lolna W eend siuni (single
nucleotide polymorphisms), N58UUN5LAAN methylation \Husiu Felun1smsiany cfDNA fiLin
AukUstumsiugnssulunaauduaziudivsiiuanstisnisiinlsanie nsiaauiaunfves
Adaela”
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3.1 AMULUITHUTDITIUIUYARALDULD
AULUIHUTRITIIUYARLEULE (copy number variations of cfDNA) un1siUasunUas
aRuLuaglaan iy (insertion) n30an (deletion) I1UULUANINNTINT WU 19U NILAY

[

Fruauveauaan AGC 1y AAAAGC (Tumyt>t

3.2, nswasusunisiaadlolndiievidemiuns

MsUasusunisinnalelndifisandesiunis (single nucleotide polymorphisms) #3e
Sunin alud (SNPs) 1w nmstUasundasunufiuaudalasiunsaesdludiy (silent mutation) 39
d’;uimj%ﬁmﬁ’uwaﬁaﬁ 3 maqsﬁaﬁuqﬂiimﬁﬁaﬂdw wobble base, MstasuLUasunuiliuaain
wanelunguidedtu (transition) n3on1sunuilluasianguiy (transversion) &l
nsnozdlussluanidu (missense mutation), M3lUasuwlasmuiivandvilinsaesilunaneodu

sianyn danalbiaanedindlnadvuinduas (nonsense mutation)**”

3.3 N3¥UIUNISAA methylation

DNA methylation {unsmuauiniiougnssu Tnsazifiuvjadia (CHs) fiansuousiumad
5 gaaudalelndu (cytosine) lumduievilily 5-uiialglndu (5-methyl cytosine) §99z01d8n73
auveteulwiRduewiansumesisa (DNA methyltransferase) nseuiun1s DNA methylation
1 2 sUuy fio maiungufiadiagyilisudinisuansoontesty uasmsfavyaiinoenagyinlviAe

nsuangepnupgy 81718

4. n1911 ccfDNA unlguszlevdlumanisunng
a LY [ <) Y 1 r-:qur-ﬂl = a = a
N19AAAURYIHUNIBTUENTTNTDY cfDNA L TufUsdNuansiianisiinlsanianisiin
ANURAUNAATS 9 veesanglel 1y LesenirenseusiSe (malignancies)! mnuRaun@vesmisntu
As3a Wudu Fsluednnisiisiaznuanuiaunfvesdunrionuindulsadns q azldnaiuiulunig
aranuvbierainnisanatuvedlsaliunn damalieindenisviinissne lunisiidaiiieyinnis
asaatuaniUisiiannuduiinuarasiinsesunaiduainnisiidn Snvisdalilonalunisiia
a .:gvav (19) mL {] o & Us’Lu I as . . . = ‘fJ a trL 2
nsfnalaga’” uilulagduiiagldnisnsialaeds liquid biopsy Fuduwmeailinlun1snsraniau
Helanie Aduefignudsseenaineadidrguesvailusiinie lngaunsalinisidadelsaain
wadllesonlunszuaiden (CTCs), Juadrumdutolunszuaidon (cfDNA), exosomes wazdu 9 &
wallalasg el Ureid udnlosas (noninvasive technique) uazliuselogiag1aunlung
inluldienisidadelsaluszezisudu @ausafnnunanisiaiuy real time AAs1zinuLdesly
nsgnauvedlsalalazausatnan1ssnwuildienisnensalnsinlsala

4.1 nmsiadelsauzise (cancer)

PMNNTANEIVBY Leon S.A. LATAMENUTEAU cfDNA ﬁqqﬁmﬂﬂmuﬁaaﬂw%%’mQﬂ’;ﬂiﬁﬂmﬁq
SowSeuiieuivlutfuvesitheilidunzds Taelsvhmsnuludsuiiisusifeing q d1uu 173
PRRRN LLaz%%’m:Jﬂ’mﬁvLaiL‘ﬁumﬁﬁﬁmu 55 @089 lngordsinalla radioimmunoassay WuInlu
FuvosfihouziSuazdsuvesitieiliiduuzifaasnu fONA dAnadswinty 180+ 38 ng/ml uaz
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13+ 3 ng/ml MUAIRU 31NN1TIIBNUAITAUNUTIANRAEANUTUTUDY FONA TuidaniUae
g | a ] = & A ] o v o 5
ugsadimaandndenauuniininndl 10 wi Jaduininauladn cDNA 919a1nsadnanlddudiu s
= ° v aa o = 9 v a = ) I Y]
g ndmsuitadelsansenensallsala Jagiulinsnersiudnwiietr cfDNA wildduda
U9IM19Tnm vistuldifeafunsiiin mutation #3e epigenetic vosdumg 9 lunanelsanzii
= 1 1 P J a a v [ a <@ = 4
fs1eauegaeLlenlusiu 14-3-30 1Re703nUnIsAnUELES uazratun1sAneLansl
& = = A X a . =
WiuInsgadenisuanteanvadlusiuyidaiiinainnszuiun1s DNA hypermethylation ¥898u
14-3-30 MARTUUIIIA CpG island 983 promoter #3aUTIMINALABY WanINTNI5IAA 14-3-30
hypermethylation §aa1115a057373ale lud Sy fedudadannudululadinisiia 14-3-30
hypermethylation @ansathunlidudiusinisiinugss (tumor marker) Wetgidadeludenls
N194Ain 14-3-30 methylation fisgavadludsudUlsusiSelonvilnwadlitdn (non small
cell lung cancer : NSCLC) o1atfunaunainnsuudeu DNA anwaatlinidenunneluieg@sy
TnefisnenuinnsudsvsudonsainlisadidaidonvafimsuandiuayUanUaesfduoosnu
denalvifiuTunaves cDNA meluiieg19diugs 3nnsinwideg 1edsuluguinaladandsianie
wasadunguaiuaumuinnsin 14-3-30 methylation TudSuvesdiheaininlunguaiuau datu
JaoadululdinszauiigeludsuvesnguiUas NSCLC iinanwaduzisiiinisUantuaes DNA 10ng
nszuadionuInnIUng wiinlutagdunalnvesnisuanddes cfDNA sanunglunseuaiondsly
Junnsudaau uwindenuduldldinusinanuniuves ofDNA Tudregns@suvesiUietu o1l
awnnainsentednalnlunisidamadusise 19U n191in apoptosis way necrosis dInali

waduzSuAnAudsaazvin1sUanUaes cfDNA senulufign >

4.2. msrdageauRaUnfvasmsnluassa

snifuunaaves fetal DNA Tumanauiunsanfidday lagenAgAIUINIAIL epigenetics 1N
Tanunsauen fetal DNA 991970 cfDNA 99911501 91nnN5ANEINUIT fetal DNA d@qulngunainsn
Jlasnsniinnig apoptosis uaw necrosis %Lﬁﬂsﬁuﬁaa‘lﬂEJLawwﬂumamasmiumaziaﬁmqﬂuam?
#1535 (preeclampsia) ﬁm%’umsﬁ%mmmiﬁad cell free fetal DNA (cffDNA) ulglunismaddin
281975 quatitative analysis 3MnN15ANYINUINUTUIVOS cAIDNA Tuidonuisandiauduiusiu
Ameassfdufiy Aaeanauiinun way fetal chromosomal aneuploidy wsikilesarnnuindaanu
AU BT VDU IRA B0 oFONA luasssunfvarlunsssifinnzunsndeuvinlil sensitivity
specificity ¥99n130529n589% anae3 LA T Aunete LT azm fetal nucleic acid markers 714
AusmnzremsnlunrauAaUnfty q leswin cfONA dUsuadesundledisuiiu
maternal DNA Tngnuindldndiutioania 1:20 35laiin1svin fetal DNA enrichment lon  elective
enrichment of fatal DNA uag suppression of maternal \iofiu3unn cfONA Tnnwediagiily
Anwidemaly??

fin1smaanayi fetal DNA enrichment lagiUSsulfisungui10g 199098 0Au150N9 LAY
a13azane formaldehyde ﬁ’um&jmﬁaaéwﬁhjLﬁmmsazaw formaldehyde wua1n1sLANaTTaZANY
formaldehyde Azl ifoRueadianuaiiosiu uastredudanisaaisves maternal cell iito
1ail5F maternal DNA Udegeensnuuriu cfDNA 91nnsnaassmuinnguiiegsweadonunsaiii
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formaldehyde qedifiade 66.1 fetal genomes/mL faniuiidade 25.4 fetal genomes/mL R
T 2.6 wh

wonanidudidadedu q fdmarenisiiiuusunames cfONA 1wy lunsianziden
TagUnAiudaagny maternal DNA luidonunsanfiuiunaios uwienaazwuinfiviinaglaidesan
nMsgosaasvoadiindenunuazieadindnidenluidenveansn vuzvudadondiegieiign
EeenIN YiRevAERTITIATEAEeaf ety nsldansazany formaldehyde aslu3sanunsaan
nsAnNsLeNdaeUsIadAInale @Y

GELY

Circulating cell free DNA (ccfDNA) Ao Suduvesfiduefifouinidnfignuasidesaanin
Tunszuaidendienszuiunisnievensad (cell death) Aon1siAin Necrosis w38 Apoptosis @iy
Hagtudemniunlinnalsaiomenuiiaunivesssnefenmsnsiaden (liquid biopsy) Liedan
wtheshligieidusiesas (noninvasive technique) ansnsaliinansiafisans wazduusslovy
TunsitedelsaldfuszozBuduroniaifalse Tieseimmdsdunisgnaiuvedlse uazanuise

PJnanissnwunldieng1nsainisiialsale
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APPENDIX 1
INFORMATION FOR AUTHORS

All authors listed in a paper submitted to Asian Archives of Pathology (AAP) must have
contributed substantially to the work. It is the corresponding author who takes responsibility
for obtaining permission from all co-authors for the submission. When submitting the paper,
the corresponding author is encouraged to indicate the specific contributions of all authors
(the author statement, with signatures from all authors and percentage of each contribution
can be accepted). Examples of contributions include: designed research, performed research,
contributed vital new reagents or analytical tools, analysed data, and wrote the paper. An
author may list more than one type of contribution, and more than one author may have
contributed to the same aspect of the work.

Authors should take care to exclude overlap and duplication in papers dealing with related
materials. See also paragraph on Redundant or Duplicate Publication in “Uniform Requirements
for Manuscripts Submitted to Biomedical Journals” at http://www.icmje.org/index.html.

The submitted manuscripts will be reviewed by the members of the Editorial Board or
the expert reviewers. At the discretion of the Editorial Board, the manuscripts may be returned
immediately without full review, if deemed not competitive or outside the realm of interests
of the majority of the readership of the Journal. The decision (reject, invite revision, and
accept) letter will be coming from the Editorial Board who has assumed responsibility for the
manuscript’s review. The editor’s decision is based not just on technical merit of the work,

but also on other factors such as the priority for publication and the relevance to the Journal’s
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general readership. All papers are judged in relation to other submissions currently under

consideration.
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Categories of Manuscripts

1. Letters to the Editor

The letters to the editor are the reactions to any papers published in AAP. These
letters will be reviewed by the Editorial Board and sent to the authors of the original paper
with an invitation to respond. Letters and eventual responses will be published together,
when appropriate.

" Word Count: 300 — 500 words (excluding references and figure or table legends)

® Abstract: Not required

B References: Maximum of 10

" Fioure or Table: Maximum of 1 (if needed)

2. Original Articles

The original articles are the researches describing the novel understanding of
anatomical pathology, clinical pathology (laboratory medicine), forensic medicine (legal
medicine or medical jurisprudence), molecular medicine or pathobiology. Systematic
reviews, meta-analyses and clinical trials are classified as articles. The articles should be
clearly and concisely written in the well-organised form (see Organisation of
Manuscripts): abstract; introduction; materials and methods; results; discussion; and
conclusions. The manuscripts that have passed an initial screening by the Editorial Board
will be reviewed by two or more experts in the field.

" Word Count: 3,000 — 5,000 words (excluding abstract, references, and figure or

table legends)
B Structured Abstract (see Organisation of Manuscripts): 150 - 200 words
®  References: Maximum of 150

B Figures or Tables: Maximum of 6
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3. Review Articles

The review articles are generally invited by the Editor-in-Chief. They should focus on
a topic of broad scientific interest and on recent advances. These articles are peer-
reviewed before the final decision to accept or reject the manuscript for publication.
Therefore, revisions may be required.

" Word Count: 3,000 - 5,000 words (excluding abstract, references, and figure or

table legends)
®  Unstructured Abstract: 150 - 200 words
®  References: Maximum of 150

®  Figures or Tables: Maximum of 4

4. Case Reports

AAP limits publication of case reports to those that are truly novel, unexpected or
unusual, provide new information about anatomical pathology, clinical pathology
(laboratory medicine) or forensic medicine (legal medicine or medical jurisprudence). In
addition, they must have educational value for the aforementioned fields. The journal will
not consider case reports describing preventive or therapeutic interventions, as these
generally require stronger evidence. Case reports that involve a substantial literature
review should be submitted as a review article. The submitted case reports will undergo
the usual peer-reviewed process.

" Word Count: 1,200 - 2,000 words (excluding abstract, references, and figure or

table legends)
®  Unstructured Abstract: 150 — 200 words
B References: Maximum of 20

®  Figures or Tables: Maximum of 4
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5. Case Illustrations
Case illustrations are aimed to provide education to readers through multidisciplinary
clinicopathological discussions of interesting cases. The manuscript consists of a clinical
presentation or description, laboratory investigations, discussion, final diagnosis, and up to
5 take-home messages (learning points). Regarding continuous learning through self-
assessment, each of the case illustrations will contain 3 - 5 multiple choice questions
(MCQs) with 4 — 5 suggested answers for each question. These MCQs are placed after the
final diagnosis and the correct answers should be revealed after the references. The
questions and take-home messages (learning points) are included in the total word count.
The manuscripts that have passed an initial screening by the Editorial Board will be
reviewed by two experts in the field.
" Word Count: 1,000 — 2,000 words (excluding references and figure or table
legends)
" Abstract: Not required
B References: Maximum of 10
" Figures: Maximum of 2

W Tables: Maximum of 5

6. Technical Notes
The technical notes are brief descriptions of scientific techniques used in the
anatomical pathology, clinical pathology (laboratory medicine), forensic medicine (legal
medicine or medical jurisprudence), molecular medicine or pathobiology. The submitted
manuscripts are usually peer-reviewed.
" Word Count: Maximum of 1,000 words (excluding references and figure or table
legends)
" Abstract: Not required
" References: Maximum of 5

®  Figures or Tables: Maximum of 2

Organisation of Manuscripts

1. General Format
The manuscripts written in English language are preferable. However, Thai papers are
also acceptable, but their title pages, abstracts, and keywords must contain both Thai and

English. These English and Thai manuscripts are prepared in Ad-sized Microsoft Word
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documents with leaving 2.54-cm (1-inch) margins on all sides. All documents are required
to be aligned left and double-spaced throughout the entire manuscript. The text should
be typed in 12-point regular Times New Roman font for English manuscript and 16-point
regular TH SarabunPSK font for Thai manuscript.

The running titles of English and Thai manuscripts are placed in the top left-hand
corner of each page. They cannot exceed 50 characters, including spaces between words
and punctuation. For the header of English paper, the running title will be typed in all
capital letters. The page number goes on the top right-hand corner.

Footnotes are not used in the manuscripts, but parenthetical statements within text
are applied instead and sparingly. Abbreviations should be defined at first mention and
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®  Conclusions: Brief summary and potential implications
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to the field.

Materials and Methods

The Materials and Methods section must be described in sufficient detail to allow
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another submission.
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