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ABSTRACT
Background: A disaster is a serious disruption in the functioning of a society that can cause many losses. It can be caused by nature 
or humans. When the loss of life is on a large scale, the recovery process is made more complicated by simultaneous identification 
operations. Biological profiling is of paramount importance when investigating cases; the age at which a victim dies is crucial for 
reconstructing the victim’s life. Purpose: The purpose of this case study is to highlight the utility of palatal suture obliteration as a 
valuable indicator for age estimation in adults, especially when there are minimal remaining dental elements that make age estimation 
by other methods of dental analysis impossible. Case: The author presents a case of burn victims due to a fire disaster in the fuel 
oil terminal area in Jakarta that killed several victims. As they were found in a visually unrecognizable condition, without identity 
documents, and in a state where the victims’ teeth left few dental elements, effort is needed to assist in identifying the victims, including 
victim age estimation techniques with ideal methods that can be applied in the field. Case management: The Crow-Glassman Scale 
(CGS) is used to describe the extent of burns to tissue remnants. On external examination, all body parts showed the burns reaching 
level 3 CGS. The victim is estimated to be over 50 years old. Decision making is based on the guidelines of the Mann method, wherein 
if more than 50% of the anterior median palatine suture is obliterated, then the minimum estimated age is 50 years. Conclusion: The 
obliteration of the palatal sutures can be used as supporting evidence when considered alongside other more reliable age indicators 
that can narrow down the age of unidentified individuals.
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INTRODUCTION

The term “disaster” refers to any major breakdown 
in the functioning of communities/societies, resulting 
in widespread human, material, economic and/or 
environmental loss, which exceeds the capacity of the 
affected communities/societies to respond. It can be caused 
by nature or humans.1,2 When there is a large loss of life, 
the recovery process is complicated by simultaneous 
identification operations.3 The identification of the victims 
of a disaster is seen as an important sign of respect, 
not only for the deceased, but also for the families of 

the deceased. Disaster victim identification can also be 
required for various legal matters, such as assisting criminal 
trial proceedings, facilitating inheritance settlements, or 
establishing the right of a widowed spouse to remarry. 
Thus, a special process is needed to facilitate positive 
identification of the deceased.1

Regardless of the type or scale of the disaster, several 
forces act on the body. As a result, victims may be 
found with intact or nearly intact bodies; recognizable 
or unrecognizable body parts; soft tissue masses; 
isolated, complete, or traumatized bones (with or without 
varying degrees of burnt and/or decayed soft tissue); 
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small undiagnosed bone fragments; or a combination of 
these.2,3

When a body is found, one of the first investigative 
priorities is to identify the victim; without this information, 
the case would not progress. Identification begins with 
biological profiling, where the age at death plays a key 
role in reconstructing victims.4,5 Upon reaching adulthood, 
methods for estimating age are primarily based on 
degenerative changes of the skeleton. Observed skeletal 
features can define different stages or phases, and these 
are indicators of biological age.6 Adult skeletal changes 
are a function of degenerative processes influenced by 
extrinsic factors such as biomechanical loading, diet, and 
health status. Estimating the age of adult victims in the 
context of forensic investigations should follow a general 
protocol involving 1) a thorough assessment of degenerative 
changes throughout the skeletal system, 2) an evaluation of 
all available skeletal elements using the most appropriate 
technique, and 3) a probabilistic estimation of the age at 
which the person died.4

Obliteration of the palatine suture can be a valuable 
indicator for age estimates of adults, especially if there are 
minimal remaining dental elements that make it impossible 
to estimate age by other methods of dental analysis.6,7 In 
a study conducted by Mann et al.,8 age estimation using 
palatine suture has a 34% reliability in male individuals. 
Nonetheless, palatine suture has been shown to be beneficial 
for individuals whose age ranges between 60 and 80 
years.9

The human hard palate develops from the intra-
membranous nasomaxillary complex and is formed by 
two lateral processes growing toward the midline and 
an anterior portion known as the primary palate. It also 
consists of three pairs of bones joined along the midline 
by midpalatal sutures. It is divided into the premaxillary, 
maxillary, and palatine segments. In addition, the midpalatal 
suture undergoes progressive morphological changes until 
adulthood.10

In the lingual aspect, the palate disappears with age. 
Mann (1987)11 were the first formal investigators of palatine 
suture fusion in a small sample of Tennessee natives. 
Mann et al.8 measured the number of obliterations along 
the four sutures (incisive suture [IN], posterior median 
palatine suture [PMP], transverse palatine suture [TP], and 
anterior median palatine suture [AMP]) using a five-point 
scale ranging from 0 to 4. They report a common pattern 
that is useful for age estimation, although the number of 
obliterations varies between individuals.8 Mann et al.8 did 
not establish a formal age range for the fusion of the sutures, 
but they did report the earliest age of fusion at each site. 
Thus, an individual’s age is estimated from the suture with 
the oldest age.8 The appearance of dotted lines on some 
sutures cannot be explained, and a visual observation of 
the amount of suture fusion is believed to be better than 
caliper measurement. 

A recent study revised the results of Mann et al.8 and 
examined the transverse sutura at two locations, along the 

midline and near the palatine foramen major. As a result, 
five regions were observed along the other four sutures. 
The study concludes that a lack of suture coverage does 
not necessarily indicate a younger individual.8 Rather, the 
presence of obliteration is indicative of increasing age. 
Importantly, some older individuals may show delayed 
fusion of the palatal suture, even into the eighth decade of 
life, but the general pattern of erasure is useful to estimate 
the age at death.13 New developments—for example, CT 
scans—have allowed for a more accurate assessment of 
craniofacial morphological structures, such as midpalatal 
sutures.14

In this case report, the author presents a case of burn 
victims due to a fire disaster in the fuel oil terminal area in 
Jakarta that killed a number of victims. They were found 
in a visually unrecognizable condition and without identity 
documents. In addition, the condition of the victims’ 
teeth left few dental elements, so effort is needed to assist 
in identifying victims, including victim age estimation 
techniques with ideal methods that can be applied in the 
field. This case report aims to highlight the utility of palatal 
suture obliteration as a valuable indicator for age estimation 
in adults, especially when there are minimal remaining 
dental elements that make age estimation by other methods 
of dental analysis impossible.

CASE

A large fire occurred in the North Jakarta Fuel Oil Terminal 
(TBBM) area on Friday, March 3, 2023, at 8.00 p.m. 
The fire caused panic among the residents because the 
location was close to a densely populated neighborhood. 
It started when residents smelled a strong smell of fuel 
oil (BBM) before an explosion was heard and flames 
appeared, causing smoke to rise. It was later discovered 
that the incident began with the burning of fuel oil 
pipelines. At 8:11 p.m., the firefighters received a case 
report. Initially, the firefighters only deployed two units 
of fire trucks and 10 personnel, which then increased to 
52 units of fire trucks and 260 personnel. At 8:22 p.m. the 
firefighters began to extinguish the fire and help victims.                                                                                          
The fire was successfully extinguished on Saturday, March 
4, 2023, at 02.00 a.m. Several people died from this terrible 
fire.

Some of the victims’ bodies were sent to the mortuary 
of the Forensic Science & Medicolegal Department of Dr. 
Cipto Mangunkusumo Hospital for external examination 
and dental autopsy, one of which is presented in this 
report. External examinations such as body bruising, body 
stiffness, and body temperature were no longer useful in 
providing an accurate estimate of the time since death. The 
corpse’s condition showed a pugilistic demeanor with the 
headgear free of any soft tissue, but it was not calcified. 
Although the head was present, most of the flesh was 
absent as the soft tissues of the face had been burnt away, 
rendering visual identification impossible. The brain was 
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burnt and had a dry, rubbery, brittle consistency. The eyes, 
nose, and ears could not be assessed. In the forearm, there 
are lever bones and cubit bones, as well as the bones of the 
fingers of the right hand. Multiple bones of the head, neck 
and torso were broken, while both upper limbs and lower 
limbs remained intact.

CASE MANAGEMENT

The Crow-Glassman Scale (CGS) is used to describe the 
extent of burns to tissue remnants. On external examination, 
all body parts showed the burns reaching level 3 CGS 
(Figures 1 and 2). Skin and nutrition cannot be assessed. 
The body’s length was 150 cm, while its weight was not 
calculated. The cavities of the body’s parts became visible 
with the internal organs open. External male genitalia can 
still be seen, so sex determination was easily established. No 
identifications were found, and the object beside the body 
contained asbestos cut. The victim’s age was unknown. 
The results of the dental examination are presented in 
Table 1. The results of the dental autopsy examination 

revealed conditions of victim’s oral cavity as depicted in 
Figures 3 and 4.

In burn victims, a toxicology examination based on 
the level of CO in hemoglobin should be carried out to 
determine the vitality of the victim at the time of burning. 

Figure 1. Condition of burn victim’s body with CGS level 3.

      A B C
Figure 2. Condition of the tissue around burnt mouth; (A) visible from the right side, (B) visible from the front, (C) visible from the 

left side. The teeth are exposed (blue arrows), and part of the mandible bone is also exposed (green arrow).

Table 1. Dental examination result of Mr. X (victim of fuel 
terminal fire)

11 mpm rrx 21
12 rrx rrx 22
13 rrx att 23
14 mpm rrx 24
15 sou att 25
16 att att 26
17 att att 27
18 non non 28

48 non non 38
47 M car, att MOD car, att 37
46 O car, att MOD car, att 36
45 att O car, att 35
44 att O car, att 34
43 att att 33
42 rrx att 32
41 mpm mpm 31
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Figure 3. A ramus mandibular fracture (green circle) and 

symphysis mandibular fracture (blue circle) were 
found.

Figure 4. A mandibular fracture (yellow circle) was found, and 
a tooth was removed from the socket (blue circle).

Most of the deaths were caused by carbon monoxide 
poisoning and fatal thermal injuries from the fires.15

The recovery of burnt remains, which are often very 
fragmented and fragile, requires special consideration. 
Extreme heat can change the size, color, shape, and 
mechanical properties of human tissue, which can make 
the rest of the body difficult to recognize.1

The precise determination of adult age at death is 
essential for the description of osteology populations. 
Most of these methods are based on morphological and 
degenerative changes in the human skeleton that occur with 
age. Palatal suture obliteration is one of these age estimation 
techniques. This method was first introduced in 1987 and 
then revised in 1991 by Mann et al.8,11

After examining the oral cavity and teeth, the forensic 
odontology team then estimated the age of the burn victim 
using the palatine suture obliteration method (Figure 5). 
IN, TP, PMP and APMs, such as the vault suture, tend 
to disappear with age. This palatine suture holds promise 
for age estimation in adults because it closes more slowly 
than other cranial sutures. The Mann et al.8 palatal suture 
closure method defines five categories of obliteration (0: 
0% obliteration, 1: 1%–25% obliteration, 2: 26%–50% 
obliteration, 3: 51%–99% obliteration, and 4: 100% 
obliteration) and is performed by determining the category 

Figure 5. The arrows indicate the obliteration of the victim’s palatine sutures (IN: Incisive Suture; APM: Anterior Median Palatine
Suture; TP: Transverse Palatine Suture; PMP: Posterior Median Palatine Suture).
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Figure 6. The basic steps for making age estimation is through observing the obliteration of palatine sutures by the Mann method.8

of obliteration of the palatal suture and associating it with 
the estimated age.4 As a result, the victim in this case report 
is estimated to be over 50 years old. Decision making is 
based on the guidelines of the Mann method (Figure 6),8 
wherein if APM has been obliterated by more than 50%, 
one can estimate that the minimum age is 50 years old.

DISCUSSION

The method used to estimate age should meet the following 
criteria: (i) It must have been the subject of peer-reviewed 
publications in the scientific community, (ii) its accuracy 
must be tested using valid statistical methods and clearly 
described, and (iii) the method must be sufficiently precise 
for routine use in forensics. Current methods of estimating 
age at death can be divided into those based on skeletal and 
dental growth and those based on degenerative changes. In 
adults, skeletal and dental development is complete, making 
age estimation more difficult than in subadults.9

The loss of the palatal suture is progressive and age-
related. A general pattern of closure has been found, 
beginning in adolescence, and ending in the 50s of life. 
The obliterations that occur follow a specific direction and 
sequence according to Mann et al.8 The suture follows a 
general pattern of obliteration with the IN being the first 
to experience obliteration (at approximately age 20 on 
average or before adulthood), followed by the PMP, then 
the TP, and finally, the AMP (at approximately age 54 on 
average and showing evidence of complete closure in the 
sixth decade of life). The developmental path of closure is 
centripetal (from lateral to median). The IN and the TP start 
to close from the lateral side and continue to the midline 
of the maxilla. Age estimation is based on the last suture 
showing obliteration. Some studies have suggested that 
gender should be a consideration in the use of this feature 
for age estimation purposes.8,16

In this case report, we use the Mann method. We use 
this method because, in this case, the victim had suffered 
a severe burn that drastically damaged his body structure, 
including his teeth and jaw. However, the condition of the 
palate was still well preserved. This is the main reason 
for using this method, as the palate is a parameter used in 

the Mann method.8 According to the Mann method,8 the 
victim in this case has reached stage 5, as all four sutura 
(IN, PMP, TP, and AMP) are fully closed. The victim’s 
age is estimated to be over 50 years old.8 

Beauthier et al.17 recently performed age-related studies 
on a sample of French and Belgian individuals using the 
palatine suture. Beauthier at al.17 developed a completely 
new segmented method for the recording of the palatal 
suture by dividing the palate into 15 sub-sections with 
five stages of fusion. The authors concluded that palatal 
suture obliteration develops with age and is comparable to 
vaulting. They also confirmed the progression of segmented 
and directed palatal suture obliteration (i.e., obliteration 
progresses from lateral to median and from posterior to 
anterior). Specifically, the center of the transverse palate 
is defined as the length of sutures along the transverse 
plane ending at the beginning of the palatal curvature into 
the alveolus. The transverse foramen follows the suture 
from the palatal curve to the greater palatal foramen 
bilaterally. The middle anterior palate runs from the 
junction with the transverse suture of the anterior palate 
to the foramen incisivum. The results confirmed that the 
fusion of the palatal sutures is not slow, and in some cases, 
the sutures never dissolve, which results in an extremely 
high durability.13

There are complex biomechanical and genetic 
influences on craniofacial and palatal suture fusion. Several 
types of molecules are involved in the coordination of suture 
fusion during growth and development. During postnatal 
development, the regulation of suture fusion shifts to the 
osteogenic front, whereas signals from the dura mater are 
important for suture development before birth. During 
fusion, growth-related factors involved in bone formation 
are present in the suture matrix. Others are downregulated. 
Furthermore, cranial suture fusion is influenced by 
biomechanical forces on the skull, particularly masticatory 
pressure on the palate and face. This multiple effect on 
suture growth and development highlights the difficulty 
of using suture fusion for age estimation. Therefore, 
when other methods of age estimation from the cranial 
suture are not available, the use of palatal suture fusion 
is best combined with other age estimation criteria. 
Some researchers have highlighted the complexity of 
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biomechanical influences, with results finding statistically 
significant differences in the relationship between culling 
rates and dental health in adulthood, which is related to 
chewing habits and activities.13

Other studies show that complex growth of the upper 
jaw develops almost equally in anteroposterior and latero-
lateral directions until approximately 15 years in females 
and 17 years in males. Therefore, changes in anteroposterior 
length provide a reasonable estimate of total growth. 
Indeed, there is sexual dimorphism, as the anteroposterior 
growth of the maxillary complex occurs mainly through the 
posterior transverse suture, which is active until the age of 
13 in females and 15 in males. These results suggest that 
the growth of the maxillary complex is mainly related to 
the maxilla, whereas the lengths of the premaxillary and 
palatine bones are stable in both sexes after the age of 
nine years. The ossification of the midpalatal suture can 
be measured in a plane that is parallel to the durum palate 
or perpendicular to it. Ossification increases with age in 
the male maxilla. However, significant ossification is rare 
during adolescence and may not increase significantly until 
after the age of 20 years.18

Sex differences influence the timing of closure of the 
palatal suture; in general, males show more obliteration than 
females at all ages, although the prediction of age is more 
accurate in females than in males. Therefore, sex should be 
considered when using this suture as an indicator of age. 
Although suture closure appears to be more progressive 
in men than in women at a given age, women provide 
more accurate age predictions than men. Women were 
59% accurate in predicting 10 years. Men were only 34% 
accurate.4,16

Although the Mann method has limited applicability in 
forensic contexts, it is useful in providing a lower limit for 
overall age estimation. Maxillary sutures in hard ceilings 
are more reliable than other sutures but should be used 
cautiously. Although closure of the palatal suture does 
not provide a definitive age estimate for an individual, 
it can provide additional information for an approximate 
age range, particularly in older individuals—where other 
methods become less effective. For example, people over 
the age of 60 show a loss of at least two of the four palatal 
sutures. Research needs to be conducted to improve the 
reliability of the palatine suture closure method for use in 
forensic odontological casework.4

The Mann method is one of the age estimation methods 
suitable for burn victims, especially when the condition 
of the teeth cannot be analyzed due to severe damage. 
In this case, this method became the main method for 
age estimation in forensic odontology, as the teeth were 
severely damaged and could not be analyzed. As a result, 
based on the Mann method and the closure of the sutures, 
we can estimate the victim’s age to be over 50 years. The 
limitation of this case report is that there is no other part 
of the body, such as teeth, that we can use to compare the 
age of the victim.
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