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Abstract

Purpose of Review Natural disasters occur frequently in Japan. A disaster medical system was rapidly developed in
Japan following the Great Hanshin-Awaji Earthquake in 1995. Dentistry has become increasingly important in disaster
medicine. This review summarizes the roles of dental professionals in disaster medicine, highlights relevant issues, and
identifies new directions for research to improve disaster relief activities based on our previous experiences as dental
professionals supporting the victims of major disasters.

Recent Findings Many preventable deaths after a disaster are caused by aspiration pneumonia, which occurs against a
background of factors that are compounded by a harsh living environment. An important aim of dental care in disaster
medicine is to prevent these disaster-related deaths in vulnerable persons such as the elderly. This can be achieved
through interventions to maintain oral hygiene, preserve and enhance oral function (i.e., chewing and swallowing), and
improve the diet, since these interventions help to prevent the development of malnutrition and frailty in vulnerable
people. Dental identification of disaster victims could be improved through the use of intraoral three-dimensional
scanners and artificial intelligence to automate the acquisition of dental findings and through the construction of a
national database of digitized dental records. Advances in personal identification methods will be needed given the
prediction that a catastrophic earthquake will occur on the Nankai Trough during the next 30 years and claim more
victims than the 2011 Great East Japan Earthquake.

Summary Disaster-related deaths due to aspiration pneumonia can be prevented by providing appropriate dental care to
those in need. The process of identifying victims could be made more efficient through the use of intraoral three-dimensional
scanning, artificial intelligence, and a digital database of dental records. Establishing and strengthening relationships
between professionals in different regions will help to optimize the multidisciplinary response to future large-scale disasters.

Keywords Natural disaster - Dentistry - Aspiration pneumonia - Dental identification - Multidisciplinary team - Dietary
support

Introduction

This article is part of the Topical Collection on Oral Disease and
Nutrition Japan is particularly vulnerable to natural disasters.
Large-scale natural disasters have occurred frequently
in Japan since the Great Hanshin-Awaji Earthquake
of 1995, and many people have died or gone missing
as a result of these catastrophic events [1]. In addition
to claiming many lives, a large-scale disaster destroys
much of the healthcare system in the affected area. Based
on the lessons learned from the Great Hanshin-Awaji
Earthquake, Japan rapidly developed a disaster medical
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system and implemented new national policies [2].
Dentistry has become increasingly important in disaster

management, and its main roles include the provision of

dental treatments and oral care to those affected by a
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disaster as well as the identification of victims. Forensic
dentistry has grown in importance since 1985, when
dentists cooperated to identify the 520 victims of the crash
of Japan Airlines Flight 123 [3]. Following the Hokkaido
Southwestern Offshore Earthquake in 1993, local dentists
provided rapid dental care to the evacuees including the
replacement of dentures that had been washed away by the
tsunami [4]. During the evacuation of people following
the Kumamoto earthquake in 2016, those with special
considerations (including the elderly) were given dental
care (e.g., adjustment of ill-fitting dentures) as part of
the program to provide emergency food assistance [5, 6].
The Great Hanshin-Awaji Earthquake brought attention
to deaths that could have been prevented (disaster-related
deaths). Among the 6434 lives claimed by the Great
Hanshin-Awaji Earthquake, more than 900 fatalities were
disaster-related deaths caused mainly by pneumonia [7].
Subsequently, Yoneyama et al. reported that maintenance
of oral hygiene reduces the incidence of pneumonia in
the elderly [8ee], and this led to the conclusion that
aspiration pneumonia is an important cause of disaster-
related death. Aspiration pneumonia occurs in persons
requiring special care against a background of factors

Living environment at the disaster site =/~
» Disruption of lifelines such as water, gas and electricity supplies
* Food, water, sleep and restrooms are in short supply
* Oral care becomes insufficient
» Forced to live an inconvenient life at a refuge

that are compounded by the harsh living environment
resulting from the disaster (Fig. 1). Ohta has described
the multidisciplinary medical support needed to reduce
the incidence of pneumonia following a disaster [9e]
(summarized in Fig. 1). Measures that help to maintain
good oral health/function and reduce the risk of aspiration
pneumonia include examination of the oral cavity and the
provision of guidance, education, and dental care by a
multidisciplinary team [10].

The Great East Japan Earthquake that occurred in March
2011 revealed numerous deficiencies in the emergency den-
tal care that was delivered as part of the relief operation.
These deficiencies arose because the disaster was unexpect-
edly severe, affected a large number of people, and caused
extensive structural damage. The Bureau of Social Welfare
and Public Health [11] has defined six phases of a disas-
ter (immediate, hyperacute, acute, subacute, chronic, and
mid-term) that vary in terms of the type of support needed
(summarized in Table 1). It became clear during the after-
math of the Great East Japan Earthquake that preventing
the development of pneumonia in people requiring special
care requires the delivery of dental hygiene services after
the subacute disaster phase. Multidisciplinary cooperation
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Fig.1 The causes of disaster pneumonia and the potential for inter-
vention through dental care. Aspiration pneumonia in persons requir-
ing special care is caused by a complex combination of factors related
to the oral environment and worsening of underlying disease. In
addition to these factors, disuse syndrome and feeding problems can
lead to malnutrition and weakened immunity that also contribute to
the onset of pneumonia. Therefore, the incidence of disaster-related
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pneumonia can be reduced through appropriate interventions made by
a multidisciplinary team of dental, medical, and social/welfare pro-
fessionals. These interventions include improving the environment of
the evacuation centers, treating deficiencies in oral function (chewing
and swallowing), and providing dietary support as well as guidance
on medication use and oral care
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Table 1 Classification of disaster phases used for medical rescue activities

Time Phase Possible situation
Up to 6 h after a disaster Immediately Rescue and relief operations are initiated due to the injury of a large number of people
after a dis- caused by a collapsed building or fire, etc
aster
6 to 72 h after a disaster Hyperacute A large number of rescued people are transported to medical institutions. However,
lifelines (water, gas, electricity, etc.) and transportation are disrupted, and little human
and material resources have been received from outside the disaster area
72 h to 1 week after a disaster Acute The extent of the damage is gradually being assessed. Lifelines are beginning to be
restored, and readiness to accept human and material resources is being established
1 week to 1 month after a disaster Subacute Local medical care, lifelines, and transportation are gradually recovering
1 month to 3 months after a disaster ~ Chronic Despite the prolonged evacuation, the area is almost back to normal, and local medical
facilities and pharmacies are gradually reopening
More than 3 months after a disaster ~ Mid-term Most medical aid stations are closed, and normal medical care is almost fully restored

is also important to ensure that evacuees preserve their oral
functions and receive adequate nutritional and dietary sup-
port [12].

A large number of medical records were lost as a conse-
quence of the destruction caused by the Great East Japan
Earthquake and ensuing tsunami [13]. The loss of medical
data made it extremely difficult to identify many of the vic-
tims. We believe that the creation of a government-managed
system that includes a national database of digitized dental
records would facilitate the identification of victims of future
disasters [14]. The Great East Japan Earthquake claimed a
large number of lives and created a challenging environ-
ment in which to perform oral cavity examinations. These
factors slowed the collection of dental information, reduced
the accuracy of the findings, and placed a heavy burden on
the dentist in charge. In our view, the development of an
automated system that produces dental charts from digitized
images of the teeth would greatly speed up the process of
victim identification after a large-scale disaster [15].

The Kumamoto earthquake of 2016 occurred while
emergency dental response systems were still being put in
place based on the lessons learned from previous disasters.
Therefore, we formed an “oral health support team” to help
people in regions affected by the Kumamoto earthquake,
and we provided dental care during the chronic phase of the
disaster [5, 6, 9e, 16, 17]. In July 2018, we were dispatched
to aregion of northern Kyushu that had been affected by tor-
rential rain. We arrived when the disaster was in its chronic
phase. After conducting an assessment of the evacuation
center, we provided dental services to people requiring spe-
cial care in order to promote their oral hygiene (as a coun-
termeasure against infectious diseases) and maintain their
oral function (to prevent disuse) [6, 9, 16, 17]. We have also
responded to other recent natural disasters in the Kyushu
area of Japan.

A super-disaster such as a Nankai Trough earthquake
could occur in Japan in the near future. Therefore, we are

collaborating with nearby medical universities, hospitals,
and medical organizations to train personnel to deliver disas-
ter medical care as part of a multidisciplinary team. We are
also conducting research to improve the effectiveness of the
response to a large-scale disaster [18]. The purpose of this
review is to summarize how dental professionals approach
disaster medicine and highlight new directions for research
aimed at improving the role of dental care in disaster medi-
cine. This article is based on a backward-looking review of
our experiences as dental professionals providing support to
people affected by previous natural disasters.

Dental Care Improves the Health and Quality
of Life of People Living in Disaster Areas
and Prevents Disaster-Related Deaths

Dental Care Prevents Pneumonia, the Leading Cause
of Disaster-Related Deaths

The incidence of pneumonia in the area affected by the
Great Hanshin-Awaji Earthquake was higher than that
recorded during normal times in Japan [7]. The inci-
dence of pneumonia also increased after the Great East
Japan Earthquake and remained elevated for a period of
3 months after the disaster struck [19]. Thus, pneumonia
becomes more prevalent following a large-scale disaster,
particularly among the elderly and other persons requir-
ing special care. This “disaster-related pneumonia” is
considered to be aspiration pneumonia, which is caused
by a combination of factors that arise as a consequence
of the harsh environment created by a disaster (Fig. 1).
Dental care focusing on both oral hygiene and oral func-
tion (mastication and swallowing) is known to reduce the
risk of pneumonia [8ee]. Disaster-related deaths due to
pneumonia can be prevented by the provision of dental
services from 1 to 2 weeks after the disaster, which is the
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period when outbreaks of disaster-related pneumonia are
said to be more likely to occur [19]. The dental care team
can reduce the incidence of disaster-related deaths from
aspiration pneumonia through interventions to maintain
oral health and prevent subclinical aspiration, immune
system weakening, and malnutrition. The successful
delivery of these services requires the dental care team
to operate as part of a comprehensive medical system
that includes professionals from multiple disciplines.
Therefore, we worked to establish a highly effective col-
laboration with doctors, nurses, speech pathologists, and
caregivers during our response to the Kumamoto earth-
quake, and we utilized the Japanese version of the Oral
Health Assessment Tool (OHAT-J) [20] to share dental
records among multiple professionals.

Dental Care Helps to Maintain the Nutritional Status
of People Affected by a Disaster

The dental care needs of the evacuees vary widely from
one disaster phase to another, and the challenges imposed
by each phase must be met. During our time as a den-
tal care team responding to the Kumamoto earthquake
in April 2016, we observed that the number of people
reporting difficulties with eating increased from the
subacute phase to the chronic phase of the disaster [17].
Therefore, a primary focus of our activities was to ensure
that oral feeding was adequate in the survivors of the
disaster in order to prevent disaster-related pneumonia
and malnutrition. We performed dental examinations and
helped people to maintain or improve their oral hygiene.
We also evaluated chewing/swallowing function and per-
formed nutritional assessments in the elderly and persons
with disabilities who had difficulty chewing and swal-
lowing (i.e., people who required special attention). We
helped nursing homes that were in crisis due to water
shortages, power outages, and staff exhaustion to rebuild
their oral care systems. In addition, we delivered den-
tal care to nursing home residents who were receiving
enteral feeding or at high risk of aspiration pneumonia,
and this support was given until the on-site dental care
system was restored by facility staff and local dental
care providers. We also helped elderly patients fed via
gastrostomy or nasogastric tubes to maintain their oral
hygiene and oral function; we also monitored their diet
and offered feeding/swallowing evaluations and guid-
ance in collaboration with doctors and speech-language
pathologists in the Japan Rehabilitation Assistance Team
(JRAT). Furthermore, we worked in consultation with
the Japan Dietetic Association-Disaster Assistance Team
(JDA-DAT) to secure thick liquid diets as well as special-
ized diets for patients with diabetes or kidney disease.
We also carried out feeding and swallowing assessments
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in people with severe physical and mental disabilities and
provided them with guidance.

The correction of denture malfunction formed an
important part of our work during our participation in
the food assistance program delivered in the aftermath of
the Kumamoto earthquake. This has also been reported
for other disaster relief programs [21]. Emergency den-
ture treatment procedures are carried out by a multidis-
ciplinary team, and dental care professionals play a sig-
nificant role. Prosthodontics is an established discipline
with a long history, but it seems to have evolved under
the assumption that standardized denture fabrication
processes are available in a well-equipped environment
such as a dental office. The development of dental visit-
ing services in Japan has led to an increasing number
of dentists providing denture treatment procedures for
the elderly outside of the dental practice. However, the
success or failure of the treatment is greatly influenced
by the knowledge, experience, and skill of the visiting
dentist. In addition, it can be extremely difficult to work
in the oral cavity when dealing with people who have
special needs, and this can increase the complexity of
denture-related dental procedures. Research is needed to
develop a denture treatment method that can be applied
in the setting of a natural disaster to improve the oral
function of people who have difficulty eating food.

Dental Care Can Prevent the Development
or Worsening of Frailty, Which Can Progress Rapidly
During a Disaster

Aging is associated with gradual physical and mental
decline and can lead to the development of frailty in some
individuals. Frailty can reduce a person’s level of inde-
pendence to the extent that nursing care becomes needed.
In Japan’s super-aging society, people at risk of becom-
ing frail are supported by a community-based compre-
hensive care system with the aim of preventing a promi-
nent decline in their physical and mental health. Dental
care is provided to the elderly and other persons in need
within this community-based comprehensive care sys-
tem because the deterioration of oral function associated
with aging (oral frailty) predisposes to inadequate nutri-
tion and impairments in physical and mental functions
(frailty) [22e, 23]. When a disaster strikes, these social
systems collapse. As a result, people with needs and dis-
abilities are denied access to a variety of medical services,
which leads to a rapid increase in frailty. Therefore, dental
care teams need to intervene early after a disaster to help
those in need of medical services such as oral care and
dietary adjustments. By doing so, dental care teams can
play an important role in preventing the rapid progression
of frailty until community healthcare services are restored.
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The importance of actively offering dental care to
susceptible individuals in order to avert the development
of frailty is illustrated by our experience of a case that
presented to us following the Kumamoto earthquake. We
were asked to provide support to an elderly woman who
had choked on a rice ball during lunch and nearly died as
a result. On examination, the woman was found to have
poor masticatory function because of a lack of functional
teeth for chewing food. She had not worn dentures for
a long time due to incompatibility, and she had been
on a puréed diet before the disaster had struck. She had
become bedridden in her living room after the disaster
and had not left her house for about 3 weeks because
the medical support she normally received had been sus-
pended. When we examined the patient, she was in a poor
state of arousal, her activities of daily living were reduced
due to muscle disuse, and she had difficulty maintaining
a seated position on the end of the bed. The suspension
of healthcare services that had been available before the
earthquake (including help obtaining a diet of the appro-
priate consistency) had led to a reduction in her food
intake and a decline in her nutritional status. The above
factors had caused her to become bedridden and develop
disuse atrophy. This case of a patient who did not receive
support until she almost choked to death emphasizes the
need to identify persons at risk of developing frailty after
a major disaster and provide them with appropriate care to
ensure that they maintain an adequate nutritional status.

A National Digitized Database and Use
of Artificial Intelligence Would Improve
the Dental Identification of Victims

of Large-Scale Disasters

Teeth are covered by enamel, which is the hardest mate-
rial found in the human body. Since teeth are resistant
to post-mortem alterations in composition or structure,
forensic dentistry is frequently used to facilitate the
identification of human remains through comparisons of
post-mortem findings with pre-mortem records. It is vital
that the identification of disaster victims is performed
both accurately and quickly [24], and personal identifica-
tion based on dental findings is an effective method when
the death toll is high [25]. The prevalence of dental dis-
eases and the dental clinic consultation rate are both high
in Japan [26]. As a result, pre-mortem dental records
are available for many people in Japan, and the dental
findings show variations between individuals that can be
used for identification purposes. However, a large num-
ber of medical records were lost following the damage
and destruction caused by the Great East Japan Earth-
quake and accompanying tsunami [13], and this made

it very difficult to identify many of the victims of this
large-scale disaster. We believe that the development of a
government-managed system that incorporated a national
database of dental care information would facilitate the
identification of victims of future natural disasters.

The probability of a major earthquake occurring on the
Nankai Trough (which lies just south of Japan) within the
next three decades is predicted to be 70-80%. Moreover,
it has been suggested that a large-scale earthquake in this
region would result in a death toll up to 20 times higher
than that of the Great East Japan Earthquake [27]. The
high likelihood of an imminent major earthquake in Japan
highlights the requirement for a digitized identification
system that could be used to collect and analyze dental
findings in the event of a future natural disaster. In order
for such a system to have practical utility in the setting of
a large-scale disaster, it would need to employ straightfor-
ward methods for collecting and interpreting post-mortem
dental information and be capable of rapidly generating
accurate results. One possible approach would be to auto-
mate the generation of dental charts for disaster victims
using intraoral three-dimensional (3D) scanning and arti-
ficial intelligence (AI)-based analysis.

Intraoral 3D scanning is now widely utilized in dental
clinics as an accurate method of optical impression [28, 29].
Importantly, dental information obtained with an intraoral
3D scanner has been used successfully for personal identifi-
cation [30e]. Images acquired with an intraoral 3D scanner
can be stored as digital data and hence are well suited for use
in a digitized identification system. Therefore, we consider
intraoral 3D scanning to have great potential as a technique
for collecting and digitizing pre- and post-mortem dental
records in a highly efficient manner.

Al has been applied as a diagnostic tool in a variety of
medical settings. It is anticipated that further development
of Al-based techniques will enhance the speed and accuracy
of diagnoses based on medical imaging [31]. For example,
Al has been used to discriminate benign from malignant
skin lesions in photographs [32] and detect gastric cancer
lesions in endoscopic images [33]. Al has various potential
applications in dentistry [34]. Furthermore, Al has already
been shown to be capable of identifying teeth and detecting
carious lesions in radiographs [35, 36].

We believe that the application of a deep learning algo-
rithm to dental imaging data would allow the condition of
each tooth to be determined rapidly and accurately. There-
fore, we have been conducting research aimed at developing
an Al system that can extract the features of dental treatment
scars from images acquired by an intraoral 3D scanner [15,
30e]. We anticipate that the development of this deep learn-
ing algorithm will be a first step toward the creation of an
automated system for the generation of dental charts from
intraoral 3D scans.
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Training Programs and Enhanced
Cooperation Between Support Teams
Would Improve the Response to a Future
Large-Scale Disaster

Various new healthcare policies were implemented in Japan
following the Great Hanshin-Awaji Earthquake in 1995. These
policies included the establishment of an air medical service
(Doctor-Heli), training of a Japanese Disaster Medical Assis-
tance Team (DMAT), development of an Emergency Medical
Information System (EMIS), and improvement of emergency
transport services [37, 38]. Doctors associated with the air
medical service are responsible for the establishment of disas-
ter base hospitals that can accept critically ill patients promptly
in the event of a disaster. These systems and services were
utilized during the disaster relief operation for the Great East
Japan Earthquake. Subsequently, disaster medical coordinators
were appointed by the Medical Affairs Bureau of the Ministry
of Health, Labor and Welfare in 2012 to support the activities
of the disaster response headquarters [39]. Various medical
teams supporting the DMAT were also formed including the
Japan Medical Association Team (JMAT), Disaster Psychiat-
ric Assistance Team (DPAT), and Japan Disaster Rehabilita-
tion Assistance Team (JRAT). The DMAT coordinated the
response to the 2016 Kumamoto earthquake and was assisted
by various medical teams not only during the acute phase but
also during the later phases when cooperation between numer-
ous healthcare providers was required [40].

We consider the main roles of the dental support team to be
as follows. Important tasks during the acute phase of a disaster
include the treatment of traumatic injuries to the oral cav-
ity and the manufacture of replacement dentures for victims
who have lost theirs. Dental services that should be provided
after the subacute stage include oral care to prevent aspiration
pneumonia and interventions to maintain oral function and
adequate feeding. In addition, dental findings will need to be
collected from victims for identification purposes. Of course,
additional factors can affect the specific services that the den-
tal care team can offer. For example, a major flood occurred
in Japan in 2020 during the COVID-19 pandemic, and the
infection control measures put in place made it difficult for the
dental care team to perform clinical examinations and provide
oral care to individuals affected by the disaster. Therefore,
one of the important tasks performed by the dental care team
was to gather information regarding the dental needs of each
evacuation center and supply high-quality oral care products
to the evacuation centers when they were in short supply.

In addition, public health nurses and members of other med-
ical teams need to share clinical data (such as age and medical
history) for the evacuees at each evacuation center and report
the onset of any respiratory diseases that might be related to
poor oral care. The clinical information collected from people
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at the evacuation centers should be stored centrally and be
accessible to other medical teams including the dental care
team. In Japan, various information gathering systems are
available to facilitate the provision of medical support in the
event of a disaster. The EMIS provides information on damage
to medical institutions. The J-SPEED is based on the Surveil-
lance in Post-Extreme Emergencies and Disasters (SPEED) of
the Republic of the Philippines, and it allows disaster support
teams in Japan to collect health-related data and determine
the number of patients requiring assistance [41, 42, 43]. The
use of a “rapid assessment sheet” during the acute phase can
help to quickly establish an understanding of the conditions
at each evacuation site [44]. Notably, digital transformation is
advancing the collection of information for disaster medicine.

Many victims of recent disasters in Japan have been elderly
people, who need special consideration when it comes to the
provision of support [45, 46, 47]. Thus, it is vital that the dental
care team shares information in the event of a disaster to ensure
that the necessary support is delivered to those who need it
most. Egawa et al. reported that disaster risks are related to the
coping capacities of healthcare systems [48, 49]. Therefore, it
is critical that a system be created that is capable of deliver-
ing dental support to people affected by a large-scale disaster.
Improving the knowledge and skills of healthcare professionals
(including those involved in dentistry) through the provision of
training in disaster medicine will optimize the delivery of relief.
Furthermore, strengthening the cooperation between the dental
care team and other disaster support teams will help to identify
those persons most in need of assistance. The Japanese Ministry
of Education, Culture, Sports, Science and Technology edu-
cates and assists the human resources responsible for coopera-
tion and support in the event of a disaster [50]. Kumamoto Uni-
versity, in collaboration with Kyushu University, provides an
educational program on cooperative multidisciplinary support
in the event of a disaster. Niigata University, Tohoku Univer-
sity, and Fukushima Medical University also have educational
programs. We are confident that training programs in disaster
medicine such as these will further improve disaster resilience.

Conclusion

The main role of the dental care team in disaster medicine
is to minimize disaster-related deaths, disaster-related health
hazards, and disaster-related frailty through multidisciplinary
collaboration with various healthcare and non-healthcare
professionals including those at administrative agencies.
Furthermore, the provision of appropriate dental care requires
detailed knowledge of the characteristics of each phase of a
disaster. Another important responsibility of the dental care
team is to rapidly and accurately identify disaster victims so
that their bodies can be returned to their families as quickly as
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possible. The provision of dental care can preserve the dignity
of those affected by large-scale disasters and provide peace
of mind to the families of the victims. Smooth and effective
delivery of dental support services to persons affected by
a disaster requires the establishment of good relationships
between the dental care team and other providers of support.
To make this possible, education programs in disaster
medicine should aim to provide knowledge and skills training
as well as facilitate the establishment and strengthening of
relationships between professionals in different fields and
different regions. Finally, efforts should be made to improve
the disaster mitigation capabilities of each region.
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