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Abstract: A studio arson attack in Japan caused 36 deaths. Dentists obtained dental findings from
33 unidentified bodies immediately after the attack and autopsy. The dental findings before autopsy
were obtained on the day of the incident and the next day. Dental findings after autopsy were
obtained at 1 week from the day after the incident. We examined issues associated with collecting
these dental findings. Other findings recorded were CT images, autopsy findings, and various blood
and pathological examinations. Among the 33 unidentified bodies, for 30 bodies, the number of teeth
from which the dental findings were obtained was significantly higher after autopsy than before
autopsy. The dental findings of the remaining three bodies were not obtained before or after the
autopsy. Five percent of anterior teeth and 28.7% of molars had differing pre-autopsy and post-
autopsy findings. This discrepancy can be attributed to various factors. One of the major influencing
factors was the carbonization of the facial surface muscles and skin along with limited mouth opening
due to thermocoagulation. For the scientific identification of an individual based on dental findings,
it is mandatory to examine the teeth in all quadrants. The collection of dental findings solely from
anterior teeth may not be adequate to establish identity. The present article describes the challenges
faced by the dentists while identifying charred bodies in an arson attack.
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1. Introduction

Large-scale fires around the world have a devastating effect on the lives of individuals.
Since 1970, thirty-eight large-scale fires that were caused by humans or artificial materials
(artificial fires) have resulted in more than 100 deaths worldwide.

The identification of an individual is a major challenge when the condition of the body
is beyond visual recognition. Various scientific identification methods can be used for iden-
tification depending on the amount of information retrieved from the unidentified remains.
Scientific identification methods currently used worldwide include dental, fingerprinting,
and DNA profiling [1-4].

Dental examinations have contributed significantly to the identification of human
remains around the globe. The Black Saturday bushfires, the largest and most damaging
forest fire ever recorded in Australia, comprised a large-scale concurrent series of forest
fires around Victoria, with a burn area of more than 4500 km?. In this case, the disaster
victim identification team worked effectively and designed a plan to cope with emergencies,
and almost all of the 173 victims were identified using dental analysis [5,6].

This study aimed to investigate issues associated with collecting dental findings
from charred bodies. The dentitions of all the unidentified bodies were examined before
and after the autopsy was done. It was noted that detailed examination during dental
findings was significantly impacted by carbonization of the facial muscles and skin and
thermocoagulation leading to trismus.
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2. The Scene

On 18 July 2019, at approximately 10:30 am, the accused transferred gasoline into a
can and carried it on a cart to a bucket that was on the sidewalk near a three-story office
building where the studio was located. The perpetrator then came to the first studio,
scattered gasoline around the entrance hall, and set fire to the gasoline using a lighter. The
fire immediately spread to nearby work areas, and the building was filled with flames
and smoke at an explosive pace, leading to the building completely burning down. At
that time, approximately 70 working staff members were within the building. Some
escaped by jumping from windows; however, 36 individuals died, and 33 individuals
were injured. The actions of police dentists and forensic dentistry specialists, who were
requested by the prefectural police for dental finding collection, are shown sequentially
in Table 1. Bodies that were severely burned had carbonization damage to the teeth,
carbonized facial surface muscles and skin, and narrow openings of their mouths because
of thermocoagulation. Therefore, collecting dental findings from these bodies was difficult,
and we did not incise the bodies per the prefectural police request. Forensic autopsies were
not performed to avoid disfigurement related to incisions at the angles of the mouth. These
oral cavities consequently could not be examined properly. However, the prefectural police
subsequently changed the investigation process. A forensic autopsy was performed on all
unidentified bodies when they were found, and dental findings were obtained from the
bodies again after the autopsies. Therefore, we had valuable experience in collecting dental
findings from unidentified bodies before and after autopsy. Autopsies were performed
in the forensic medicine departments of two universities. At one university, nine forensic
scientists participated in the autopsies.

Table 1. The sequential actions of police dentists and forensic dentistry specialists from the incident
until the collection of dental findings.

Date and Time

Content Number of Dental Findings

18 July 2019, 10:30 am

Arson attack at a studio in Japan

5:00 pm

The Coroner’s Office (First Investigation Division of
the Prefectural Police) called the secretariat of the
Prefectural Dental Association and the forensic
laboratory of the Medical University and asked for
cooperation between the police dentists and the
forensic dentistry specialist of the university.

6:00 pm

Postmortem examinations were started.

7:00 pm

Seven police dentists and one forensic dentistry
specialist (eight individuals in total) began to collect
dental findings from bodies remaining at the
autopsy suites after the autopsy and examination.

Pre-autopsy group: 21 cases

11:00 pm

Performing the autopsies and examinations took
time, and collecting the dental findings was difficult.
Therefore, the dental findings of the unexamined
bodies were postponed until the next day.

19 July 2019, 9:00 am

Via phone call, the Prefectural Police asked the
secretariat of the Prefectural Dental Association and
the forensic laboratory of the Medical University to
come to Funeral Hall A at 1:00 pm to collect the
dental findings.
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Table 1. Cont.

Date and Time

Content Number of Dental Findings

Via phone call, the Prefectural Police informed the
secretariat of the Prefectural Dental Association and
the forensic laboratory of the Medical University of

11:40 am the number of remaining bodies for which dental
findings had not been collected and the three sites to
lay the bodies (Funeral Hall A, Funeral Hall B, and
Police Station C).
1:00 pm to Twolpqllce dent{sts and two forensic dentls.try Pre-autopsy group: 11 cases
) specialists (four in total) went to the three sites to lay ;
7:00 pm Post-autopsy group: 2 cases

bodies in order to obtain dental findings.

19-22 July 2019

Two forensic dentistry specialists obtained dental
findings from bodies remaining after autopsy at the Post-autopsy group: 23 cases
Medical University.

25 July 2019, 2:00 pm

Two forensic dentistry specialists obtained dental
findings from the bodies after autopsies were Post-autopsy group: 6 cases
performed at Funeral Hall A.

2.1. Antemortem

We were unable to obtain antemortem data.

2.2. Postmortem

The actions of police dentists and forensic dentistry specialists, who were requested
by the prefectural police for dental finding collection, are shown sequentially in Table 1.
Postmortem examinations were performed on 18 July 2019, at 6:00 pm. The bodies were
affected due to carbonization damage and thermocoagulation leading to limited accessibil-
ity to teeth and soft tissue during visual examination. An autopsy was performed on all
the recovered unidentified bodies after which a dental examination was performed. In this
report, we also examined issues associated with collecting dental findings from severely
burned bodies.

2.3. Reconciliation

Reconciliation of identity was achieved for all bodies, based on DNA findings.

3. Materials and Methods
3.1. Comparison of the Number of Teeth from Dental Findings That Were Obtained before and
after Autopsy

Of the 33 unidentified bodies, those from which dental findings were obtained at the
place of the post-mortem investigation immediately after the incident were assigned to the
pre-autopsy group, and those from which dental findings were obtained after the forensic
autopsy were assigned to the post-autopsy group. The pre- and post-autopsy groups were
treated by two or more police dentists or forensic dentistry specialists with more than
10 years of dental care practice, as well as sufficient experience as police dentists or forensic
dentistry specialists.

Of the unidentified bodies, 32 bodies and 31 bodies were in the pre- and post-autopsy
groups, respectively. Dental findings were obtained before and after autopsy from 30 bodies.
In the 30 bodies from which dental findings were obtained before and after autopsy,
the number of anterior teeth and molars from which dental findings were obtained was
compared between the pre- and post-autopsy groups.

The study was approved by the institutional review board of Kyoto Prefectural Uni-
versity of Medicine (Kyoto, Japan; approval no. ERB-C-1252-3).
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3.2. Comparison of Findings Obtained before and after Autopsy

Findings obtained before the autopsy were suspected to be inaccurate because of
insufficient mouth opening and incomplete removal of dirt from the oral cavity. Therefore,
we compared the findings obtained before and after the autopsy. The number of teeth and
the number of different findings obtained before and after the autopsy were calculated,
and the ratio was estimated.

3.3. Statistical Analysis
Data are presented as the mean + the standard error. Statistical significance was

determined using t-tests and was set at p < 0.05. All statistical analyses were conducted
using Prism (GraphPad Software, San Diego, CA, USA).

4. Results
4.1. Differences in the Number of Teeth Examined before and after Autopsy

The mean number of anterior teeth before and after autopsy was 10.0 and 12.0, respec-
tively (Figure 1). Additionally, the mean number of molars from which dental findings
were obtained was 6.3 and 19.2 before and after the autopsy, respectively (Figure 2). The
numbers of anterior teeth and molars were significantly higher in the post-autopsy group
than in the pre-autopsy group.

Anterior teeth
%

Number of teeth

Pre-autopsy
Post-autopsy

Figure 1. Differences in the number of anterior teeth examined in the pre- and post-autopsy groups.
In 30 bodies from which dental findings were obtained before and after autopsy, the number of
anterior teeth from which dental findings were obtained is compared between the pre- and post-
autopsy groups. The mean number of anterior teeth is 10.0 and 12.0 before and after the autopsy,
respectively. The number of anterior teeth is significantly higher in the post-autopsy group than in
the pre-autopsy group (* p < 0.05 vs. the pre-autopsy group; n = 30; the values are presented as the
mean = the standard error).
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Figure 2. Differences in the number of molars examined in the pre- and post-autopsy groups. The

number of molars is compared between the pre- and post-autopsy groups, in the 30 bodies from
which dental findings were obtained before and after autopsy. The mean number of molars is 6.3 and
19.2 before and after the autopsy, respectively. The number of molars is significantly higher in the
post-autopsy group than in the pre-autopsy group (* p < 0.05 vs. the pre-autopsy group; n = 30; the
values are presented as the mean = the standard error).

4.2. Differences in Findings Obtained before and after Autopsy

In the 30 bodies from which dental findings were obtained before and after autopsy,
mean number of anterior teeth and molars were 10.0 and 6.3, respectively. A mean of
0.5 (5%) anterior teeth and 1.8 (28.7%) molars had pre-autopsy findings that were different
from the post-autopsy findings (Table 2).

Table 2. The mean number and ratio of teeth for which the pre-autopsy findings were different from
post-autopsy findings.

Mean Number of Teeth for

Mean Number of Teeth That Ratio (%) of Teeth for Which the
Were Observed and Obtained

Which the Pre-Autopsy . 1. .
Findings Differed from the Pre-Autopsy Findings Differed

before Autopsy Post-Autopsy Findings from the Post-Autopsy Findings
Anterior teeth 10.0 0.5 5.0
Molars 6.3 1.8 28.7

The number of teeth obtained before and after the autopsy, the number of differing
pre- and post-autopsy findings, and the burn levels around the oral cavity in all bodies
from which dental findings were obtained are shown in Table 3. Dental findings of all
12 anterior teeth were obtained before the autopsy in most bodies. However, some bodies
had few findings before autopsy (body numbers 3, 12, 15, and 19). Dental findings of all
12 anterior teeth were obtained from all bodies post-autopsy. All 20 pre-autopsy molars
were obtained from only four bodies (body numbers 5, 10, 11, and 13). However, three
of these bodies (body numbers 10, 11, and 13) appeared to have different findings before
and after the autopsy, with the most different findings being in nine molars. All bodies
from which all 12 anterior teeth and 20 molars were obtained pre-autopsy had level 2 burns
around the oral cavity (body numbers 5, 10, 11, and 13).
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Table 3. The number of teeth findings obtained pre- and post-autopsy, the number of different
findings obtained pre- and post-autopsy, and the burn levels around the oral cavity in all bodies with
dental findings, with body numbers assigned expediently.

The Number of Teeth The Number of Teeth The Number of Findings

Burn Level around from Which Findings from Which Findings Obtained Pre-Autopsy

Body Number the Oral Cavit Were Obtained Were Obtained that Differed from that

Y Pre-Autopsy (Anterior = Post-Autopsy (Anterior Obtained Post-Autopsy

Teeth/Molars) Teeth/Molars) (Anterior Teeth/Molars)
1 4 12/3 12/16 0/0
2 3 12/6 N.D. N.D.
3 4 0/0 12/15 0/0
4 34 8/1 12/16 0/1
5 2 12/20 N.D. N.D.
6 4 6/0 12/20 0/0
7 4 12/12 12/20 4/2
8 2 12/15 12/20 0/0
9 4 11/2 12/20 0/0
10 2 12/20 12/20 0/2
11 2 12/20 12/20 0/4
12 4 2/0 12/20 0/0
13 2 12/20 12/20 1/9
14 4 12/4 12/20 0/1
15 4 3/0 12/20 3/0
16 4 12/0 12/20 0/0
17 4 8/0 12/20 0/0
18 34 12/16 12/20 4/7
19 4 0/0 12/20 0/0
20 34 12/3 12/20 0/0
21 3 12/9 12/20 1/7
22 4 10/3 12/20 0/1
23 4 12/2 12/20 0/0
24 34 12/7 12/20 0/4
25 4 12/9 12/20 0/4
26 4 12/4 12/20 0/0
27 2-3 12/13 12/19 0/2
28 4 11/12 12/20 0/6
29 4 12/4 12/20 2/3
30 4 N.D. 12/20 N.D.
31 4 12/4 12/20 0/0
32 4 12/2 12/9 0/1
33 4 12/3 12/20 0/0

N.D.; no data.

4.3. Cases of Collection Errors in Dental Findings
4.3.1. Misidentification of Residual Soot Remaining in a Fissure as Metal Fillings

Dirt, including soot in the oral cavity, was eliminated by using a toothbrush before
collecting dental findings. However, we misidentified the soot remaining in the fissure
of the molars as metal fillings. We initially attempted to open the mouth and remove
the lips, but this could not be performed before the autopsy (Figure 3a). We believed the
soot had been removed when collecting dental findings before the autopsy, and what we
believed to be metal filling-like findings were noted in a fissure on the occlusal surface of the
mandibular right first and second premolars when examining the oral cavity after autopsy
(Figure 3b). However, after thoroughly cleaning the oral cavity using a toothbrush, the
presumed metal filling-like findings in a fissure on the occlusal surface of the mandibular
right first and second premolars were able to be removed (Figure 3c) and were ultimately
confirmed as soot.
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Figure 3. Misidentification of residual soot remaining in a fissure as metal fillings. (a) The frontal
view before autopsy. Before imaging, opening the mouth and removing the lips were attempted in
vain. (b) The mandibular occlusal surface view after autopsy. Presumed metal filling-like findings
are visible and confirmed in a fissure on the occlusal surface of the mandibular right first and second
premolars (arrows). This finding is not metal fillings and was ultimately identified as soot. (c) The
mandibular occlusion view after autopsy and repeated oral cleanings. Soot in a fissure on the occlusal
surface of the mandibular right first and second premolars has been removed (arrows).

4.3.2. Cases of Misidentification of Primary Molars as Molars Because of Narrow Opening
of the Mouth

The molars could not initially be definitively confirmed, and we misidentified the
mandibular left second primary molar as the mandibular left first molar because of in-
sufficient mouth opening. We initially attempted to open the mouth and remove the lips,
but this could not be performed before the autopsy (Figure 4a). The mandibular left and
second primary molars remained and the mandibular right and left second premolars were
missing when examining the oral cavity after autopsy (Figure 4b). We determined that we
had misidentified the mandibular left second primary molar as the mandibular left first
molar because of an insufficient visual field (Figure 4c). In this individual, the mandibular
right and left first premolars were extracted for correction.

a b C

Figure 4. Misidentification of the primary molar as molar teeth because of the narrow opening
of the mouth. (a) The frontal view before autopsy. Opening of mouth and removal of lips was
attempted in vain before imaging. (b) The mandibular occlusal surface view after autopsy. Late
residual mandibular left second primary molar led us to determine a missing premolar. The arrow
indicates the tooth mistaken for the mandibular left first molar with previous insufficient mouth
opening. (c) The photographic image of the mandibular occlusal surface view when the mouth is
less open.

5. Discussion

Opening the mouth of all bodies was difficult because of the carbonization of the facial
surface and thermocoagulation of the facial muscles and skin. Mouths may be opened by
incising the angles of the lips and masseter muscles. However, this procedure remains an
issue of discussion in tooth identification, including its impact on bereaved families and the
search warrants for autopsy. Definitive guidelines have consequently not been established
in Japan. The angles of the mouths were not incised in this case; therefore, few teeth were
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confirmed, and only the anterior teeth near the lips could be confirmed in some bodies.
Considering that many of the missing teeth included the molars [7] and vestiges of dental
treatment frequently include the molars, using only the anterior teeth for identification
is insufficient, particularly as the statistical findings of patients aged 25-44 years showed
that the number of missing teeth had no impact. As demonstrated in the results of the
post-autopsy group, collecting findings only from the anterior teeth may not be impactful,
and findings from molars may also be necessary.

Dental findings that were not confirmed before autopsy were confirmed after the
autopsy, when we were able to obtain adequate mouth opening. For instance, one body
in which the findings on the lingual side could not be confirmed because of tongue biting
before the autopsy was subsequently observed after the autopsy, after the tongue was
removed. Furthermore, sufficient visual fields could be obtained after removing the skin
around the neck and lips. The angles of the mouth were not incised during the autopsy.
However, bodies with massive effusion in the oral cavity could not be observed completely,
even after the autopsy.

The examination results showed that, in the teeth from which findings were obtained
before the autopsy, 5% of the anterior teeth and 28.7% of the molars had pre-autopsy
findings that were different from those obtained post-autopsy. Many victims of this incident
were young and had few vestiges of dental treatment. Differing values may be higher when
more older individuals, who may have more vestiges of dental treatment, are included.
The victims in our study included 17 individuals in their twenties, 11 individuals in their
thirties, seven individuals in their forties, and one individual in their sixties.

Recommendations

1. When unidentified remains are found in large-scale disasters or during individual
incidents, the identification of human remains is usually performed [8]. If the remains are
not identified from belongings, facial configuration, etc., identification by dental, finger-
print, and DNA analyses is also required [1-4,9]. Using dental analysis for the identification
of remains is an extremely valid method for the following reasons: (a) a high incidence of
morbid dental diseases and a large number of patients visiting dental offices, (b) a long
history of dental treatment, (c) a variety of dental treatments, (d) a high frequency of use of
X-ray imaging during dental treatment, and (e) the hardness of teeth results in minimal
deterioration even with advanced postmortem changes or catastrophic injuries [10-14].

2. The collection of dental findings began 8.5 h after this particular incident. Previous
experiences have shown that constant preparation is necessary for emergencies wherein
developing a list of reference articles, preparing belongings in advance, and establishing
contact lines are essential.

3. Preparing access to dental instruments and equipment, including dental mirrors,
dental tweezers, probes, toothbrushes, floss, mouth opening instruments, lights (i.e., pen-
or head-type), black lights, writing equipment (antemortem dental charts, post-mortem
dental charts, collation paper, ballpoint pens, pencils, erasers, and magic pens), intraoral
camera, mouth hook, photographic mirror, ruler, X-ray equipment set, X-ray protective
apron, paper towels, hand sanitizer, tissue paper, and recording media.

4. With regards to equipment, easy-to-remove clothes, disposable caps, headlights,
masks, gloves, boots or thick-soled washable shoes, goggles, face shields, and disposable
gowns are required.

5. Training dentists to collect dental findings is crucial [15]. Three dentists and co-
medicals can assemble a team and assign different roles for collecting the dental findings.
Effective operations require preparation for testing procedures, reading of dental findings,
and sufficient lighting. At 11:00 pm on the day of the incident, performing the autopsies
and examinations took considerable time, particularly because collecting dental findings
was difficult and required some examinations to be postponed to the next day.

This report also supports the need for more accurate dental identification after large-
scale fires. However, considerations in the comparison with other large-scale fires are
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necessary. First, the bodies in this incident included deaths due to crime; therefore, con-
ducting forensic autopsies and collecting dental findings from all bodies was desirable. If
possible, this is the optimal method to simultaneously collect dental findings and perform
autopsies because visual fields are sufficiently maintained. Second, fires in urban areas are
controlled relatively quickly whereas natural fires require more time. Therefore, differences
in tooth carbonization, omission, and deformation should be considered. Finally, this partic-
ular incident occurred in an office building. In residential areas and farming communities,
differentiating human remains from those of pets and livestock may also be necessary. In
the Black Saturday bushfires in Australia, identification was considerably delayed because
of the mixture of teeth and bones in deformed human and animal remains [16]. Further
surveys and analyses are needed to determine methods for more accurate and prompt
identification after large-scale fires.

6. Conclusions

The number of teeth from which the dental findings were obtained was significantly
higher after the autopsy than before the autopsy. Collecting dental findings during or after
the autopsy may be the optimal method because sufficient visual fields can be obtained. This
report supports the need for more accurate tooth identification after large fires. To determine
a more accurate and quick identification method after a large-scale fire, comparing it with
other large-scale fires is necessary while considering the location and conditions of the fire.
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