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Abstract
Purpose: The Great East Japan Earthquake in March 2011 destroyed many commu-
nities, and as a result many older victims lost their removable dentures. No previous
studies have documented the prevalence of denture loss after a natural disaster or
examined its negative impact. Therefore, investigation of the consequences of such a
disaster on oral health is of major importance from a public health viewpoint.
Materials and Methods: Three to five months after the disaster, questionnaire
surveys were conducted in two coastal towns, Ogatu and Oshika, located in the area
of Ishinomaki city, Miyagi prefecture. Among the survey participants, 715 individuals
had used one or more removable dentures before the disaster, and these comprised
the population analyzed. The effect of denture loss on oral health-related quality life
(OHRQoL) was examined by a modified Poisson regression approach with adjustment
for sex, age, subjective household economic status, dental caries, tooth mobility,
psychological distress (K6), access to a dental clinic, physical activity, and town of
residence.
Results: There were 123 (17.2%) participants who had lost their dentures. In com-
parison with participants who had not lost their dentures, those lacking dentures
showed a significantly higher relative risk for eating difficulties (RR = 2.65, 95%CI
= 1.90–3.69), speech problems (RR = 4.37, 95%CI = 2.46–7.76), embarrassment
upon smiling, laughing, or showing their teeth (RR = 5.32, 95%CI = 2.34–12.1),
emotional distress (RR = 2.38, 95%CI = 1.41–4.03), and problems related to social
interaction (RR = 6.97, 95%CI = 1.75–27.7).
Conclusions: Denture loss appeared to impair eating and speaking ability, thus dis-
couraging communication with others. Public health intervention after major natural
disasters should include dental care.

It is widely recognized that natural disasters cause major public
health problems.1 In 2010 alone, there were 640 such disasters
worldwide, causing around 304,476 deaths.2 The magnitude
9.0 Great East Japan Earthquake and tsunami that occurred on
March 11, 2011, was the greatest disaster ever recorded in Japan
(reported April 24, 2011; Japan Meteorological Agency). The
disaster killed 15,873 (with an additional 2744 people reported
missing and 6111 injured). Building damage included com-
plete destruction of 129,622 properties, partial destruction of

266,392, and complete or partial destruction by fire of 279 (re-
ported November 14, 2012; National Police Agency of Japan).

Disasters cause fatalities2-4 and affect the physical and mental
health of populations.5-10 The majority of studies conducted
after disasters have focused on these health aspects, whereas
little attention has been paid to oral health.

The 2011 tsunami destroyed houses, and as a result many
older victims lost their removable dentures. No previous study
has examined the negative impact of such disaster-related
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denture loss, despite its importance from a public health per-
spective. In addition, although many studies have evaluated the
positive effects of dentures on oral health,11,12 it is not ethically
feasible to investigate the impact of denture loss by asking pa-
tients to cease using them. Therefore, examination of the impact
of denture loss resulting from a disaster presents an important
opportunity to conduct a “natural experiment.” The aim of this
study was to examine the association between denture loss and
oral health-related quality life (OHRQoL) after the Great East
Japan Earthquake.

Materials and methods
Study sample

This epidemiological retrospective cohort study was conducted
during a 9-week period between June and August 2011, 3 to
5 months after the disaster. Health examinations including den-
tal checkups and questionnaire surveys were conducted in two
coastal towns, Ogatu and Oshika, located in the area of Ishino-
maki City, Miyagi Prefecture. Because exposure (denture loss)
preceded the outcome measurement (OHRQoL), this study was
considered to be a cohort study. In addition, it was considered a
natural experiment study. There was a low possibility that indi-
viduals who had lost their dentures would have tended to have
poor OHRQoL at the baseline. Among the 3009 residents aged
18 years or older, 1399 participated in our study (response rate
= 46.5%). Among them, 758 had used one or more removable
dentures before the disaster. After excluding data with missing
variables, data on 715 individuals were included in the analysis.

Outcome variables

Self-reported OHRQoL at 3 to 5 months after the disaster (base-
line) was used as the outcome. It was assessed using five ques-
tions modified from the English version of the Oral Impacts on
Daily Performance questionnaire13 used in longitudinal studies
of aging14 and translated into Japanese. The questions asked
participants about “difficulty eating food,” “difficulty speak-
ing clearly,” “problems with smiling, laughing, and showing
teeth without embarrassment,” “problems with emotional sta-
bility, for example, becoming more easily upset than usual,”
and “problems enjoying the company of other people such as
family, friends, or neighbors.” The questions in the OHRQoL
questionnaire required dichotomous (yes/no) answers.

Main predictor

The study participants were individuals who had been using
removable dentures before the Great East Japan Earthquake.
We asked whether they had lost or sustained damage to their
dentures. We then categorized them into two groups: (1) those
who had lost their dentures in the tsunami and (2) those who
had not lost their dentures.

Covariates

Sex, age, subjective household economic status, dental caries,
tooth mobility, psychological distress, access to a dental clinic,
physical activity, and town of residence were used as covari-
ates. Age was divided into quartiles: 61.1 years or younger,

61.2 to 69.2 years, 69.3 to 76.4 years, and 76.5 years or older.
Subjective household economic status was obtained using the
following self-reported question: “How do you feel about your
current household economy?” The response alternatives were
poorest, poorer, poor, or fair. Presence of dental caries and tooth
mobility were ascertained at dental checkups by dentists. If a
participant had at least one decayed tooth or one loose tooth, this
fact was recorded. Tooth mobility was coded in accordance with
the Miller Classification of Tooth Mobility: normal mobility,15

class I (slight mobility), class II (moderate mobility), or class
III (severe mobility).

Because some disaster victims had severe psychological dis-
tress, mental depression might have affected their responses to
the OHRQoL questions. Therefore, as a confounder, psycho-
logical distress assessed by the K6 scale16 was included in the
model. We used a K6 score cutoff of 13 points as the defini-
tion for serious psychological distress.16 We used the Japanese
version of K6, which had been developed through a standard
back-translation procedure and has been validated.17

Access to a dental clinic was assessed using the question:
“Have you stopped going to a dental clinic since the earth-
quake?” The response alternatives were “have not attended a
dental clinic,” “have attended a dental clinic,” “have stopped
going to a dental clinic, but attended another dental clinic,” “ini-
tially stopped going to a dental clinic, but attended the same
dental clinic later,” and “have stopped going to a dental clinic
since the disaster.” Physical activity was recorded using the
self-reported question: “How long do you spend walking each
day?” The response alternatives were: more than an hour, half
an hour to an hour, or less than half an hour. The town of resi-
dence was categorized as Ogatsu or Oshika and included in the
analysis.

Statistical analysis

We applied the chi-squared test for cross-tabulation, and t-test
was used for examining the significance of differences in mean
age among the groups. Because the prevalence of the partici-
pants with poorer OHRQoL outcomes was high, we estimated
the relative risk rather than the odds ratio.18 A modified Pois-
son regression approach was used to estimate the relative risk
of denture loss for poorer OHRQoL.19 Separate models were
built for five OHRQoL outcome variables. Age, sex, subjec-
tive household economic status, dental caries, tooth mobility,
psychological distress (K6), access to a dental clinic, physical
activity, and town of residence were included in the models
as covariates. Statistical analyses for descriptive statistics and
a modified Poisson regression approach were conducted us-
ing IBM SPSS v.20.0.0 J for Windows and STATA SE v.12.1,
respectively.

Ethical considerations

The study protocol was reviewed and approved by the Ethics
Committee of Tohoku University Graduate School of Medicine.
The questionnaires were given to all participants explaining the
aims of the study. We obtained written informed consent from
all participants.
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Table 1 Differences in sociodemographic variables and OHRQoL by denture status (N = 715)

Denture No denture
loss (%) loss (%) P-value

Sex Male 59(48.0) 271(45.8) 0.691
Female 64(52.0) 321(54.2)

Town of residence Ogatu 63(51.2) 273(46.1) 0.322
Oshika 60(48.8) 319(53.9)

SES Poorest 17(13.8) 73(12.3) 0.615
Poorer 22(17.9) 119(20.1)
Poor 34(27.6) 136(23.0)
Fair 50(40.7) 264(44.6)

K6 No distress 114(92.7) 548(92.6) 1.00
Serious psychological distress 9(7.32) 44(7.4)

Walking time More than an hour 36(29.3) 178(30.1) 0.029
Half an hour to an hour 55(44.7) 197(33.3)
Less than half an hour 32(26.0) 217(36.7)

Have you stopped going to a dental clinic since
the earthquake?

Have not attended a dental clinic 68(55.3) 447(75.5) <0.001

Have attended a dental clinic 3(2.4) 14(2.4)
Have stopped going to a dental clinic, but

attended another dental clinic
17(13.8) 23(3.9)

Initially stopped going to a dental clinic, but
attended the same dental clinic later

17(13.8) 27(4.6)

Have stopped going to a dental clinic since
the disaster

18(14.6) 81(13.7)

Dental caries No caries 92(74.8) 441(74.5) 1.00
Having at least one decayed tooth 31(25.2) 151(25.5)

Mobility Normal 91(74.0) 443(74.8) 0.756
Class I (slight) 23(18.7) 95(16.0)
Class II (moderate) 7(5.7) 35(5.9)
Class III (severe) 2(1.6) 19(3.2)

Difficulty eating food No 76(61.8) 517(87.3) <0.001
Yes 47(38.2) 75(12.7)

Difficulty speaking clearly No 97(78.9) 569(96.1) <0.001
Yes 26(21.1) 23(3.9)

Problems with smiling, laughing, and showing No 109(88.6) 583(98.5) <0.001
teeth without embarrassment Yes 14(11.4) 9(1.5)

Problems with emotional stability, for example, No 99(80.5) 553(93.4) <0.001
becoming more easily upset than usual Yes 24(19.5) 39(6.6)

Problems enjoying the company of other No 117(95.1) 587(99.2) 0.005
people such as family, friends, or neighbors Yes 6(4.9) 5(0.8)

Age Mean value 67.22 67.42 0.592
SD 9.59 12.959

Results

Seven hundred fifteen individuals (average age: 67.4 years
[SD = 12.4], men: 45.2%, women: 53.8%) had used at least
one denture before the disaster. Among these 715, 17.2% (N =
123, men: 48.0%, women: 52.0%; average age 67.2 years, SD =
9.6) had lost their dentures in the disaster.

Table 1 shows the differences in sociodemographic variables
and OHRQoL according to denture status. There were no sig-
nificant differences in age, sex, subjective household economic
status, dental caries, tooth mobility, psychological distress (K6),

and town of residence between the participants who had lost
their dentures and those who had not; however, there were
significant differences in access to a dental clinic and physical
activity between the participants who had lost their dentures and
those who had not. Those who had lost their dentures showed
significantly poorer OHRQoL.

Table 2 shows the relative risk of denture loss for poorer
OHRQoL outcomes. A modified Poisson regression approach
was performed for each of the OHRQoL outcomes. We
built age- and sex-adjusted models and fully adjusted models
that included sex, age, subjective household economic status,
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Table 2 Relative risk of denture loss for poorer OHRQoL outcomes (N = 715)

Age- and sex-adjusted models Fully adjusted models∗

Relative risk Relative risk
for denture for denture

loss (reference Rloss (reference
= no denture = no denture

Outcome variables loss) 95%CI P-value loss) 95%CI P-value

Difficulty eating food 2.99 2.19–4.10 <0.001 2.65 1.90–3.69 <0.001
Difficulty speaking clearly 5.38 3.15–9.19 <0.001 4.37 2.46–7.76 <0.001
Problems with smiling, laughing, and

showing teeth without embarrassment
7.49 3.38–16.6 <0.001 5.32 2.34–12.1 <0.001

Problems with emotional stability, for
example, becoming more easily upset
than usual

2.94 1.83–4.72 <0.001 2.38 1.41–4.03 0.001

Problems enjoying the company of other
people such as family, friends, or
neighbors

5.78 1.79–18.6 0.003 6.97 1.75–27.7 0.006

*Adjusted for sex, age, subjective household economic status, dental caries, tooth mobility, psychological distress (K6), access to a dental clinic, physical activity,

and town of residence.

dental caries, tooth mobility, psychological distress (K6), ac-
cess to a dental clinic, physical activity, and town of residence.
In comparison with participants who had not lost their dentures,
those who had lost their dentures showed a significantly higher
relative risk for difficulty eating food (RR = 2.65, 95%CI =
1.90–3.69), difficulty speaking clearly (RR = 4.37, 95%CI =
2.46–7.76), problems with smiling, laughing, and showing teeth
without embarrassment (RR = 5.32, 95%CI = 2.34–12.1),
problems with emotional stability, for example, becoming more
easily upset than usual (RR = 2.38, 95%CI = 1.41–4.03), and
problems enjoying the company of other people such as family,
friends, or neighbors (RR = 6.97, 95%CI = 1.75–27.7).

Discussion

This study investigated the prevalence of denture loss in the
Great East Japan Earthquake, and the effect of denture loss on
OHRQoL. Among the 715 participants who had used at least
one denture before the disaster, 17.2% (N = 123) were deprived
of their dentures by the tsunami. The individuals who had lost
their dentures reported significantly poorer OHRQoL. Denture
loss caused difficulties with eating, speaking, smiling, laughing,
and showing teeth, emotional stability, and social interaction.
Because the total number of disaster victims was huge, the
impact of denture loss was important to public health.

Disasters cause health problems or death.2-6,8-10 The major-
ity of studies conducted after disasters have focused on mental
health. A relatively small number of studies have focused on
physical health problems, and even fewer have addressed oral
health.20 Those studies suggested an association between dis-
asters and deterioration of oral health; for example, there was a
significant increase of periodontal disease after the Wenchuan
Southwest China earthquake.21 To our knowledge, no previ-
ous studies have investigated the incidence and consequences
of denture loss due to natural disasters. Previous studies have
suggested the possibility that denture use improves health, such

as oral function, nutritional intake, communication,11,12,22 and
static balance;23 and reduces the risks of falls,24 dementia,25

and mortality,26 thus underlining the importance of dental care
after disasters.

Dentists can play an important role in disaster response
through a wide range of activities, as they are: (a) experts in bar-
rier techniques and infection control; (b) trained and skilled in
administering drugs by injection; (c) skilled in placing sutures
and controlling bleeding; (d) able to participate in interdisci-
plinary professional groups; and (e) adept at managing uncom-
fortable patients.27 In addition, dentists can also contribute to
identification of human remains after a disaster.28 However,
dentists are not sufficiently educated in dealing with disaster
events.29 This study suggested the importance of management
of patients who have lost dentures as a result of a natural disas-
ter. After a major disaster, dentists should participate in not only
disaster victim identification and oral hygiene intervention, but
also dental care including the reproduction of lost dentures.

Some strengths and limitations of this study need to be rec-
ognized. This study was the first to have investigated denture
loss after a major disaster. In addition, the disaster offered an
opportunity to study the effects of denture loss on OHRQoL as a
natural experiment. One study limitation was that measurement
of OHRQoL was not verified in Japanese. Second, we did not
consider whether some victims had received emergency dental
care services; however, this would have attenuated the associ-
ation between denture loss and OHRQoL. If we had been able
to adequately consider the effects of emergency dental care, the
present results would have been strengthened.

Conclusion

Denture loss due to a major natural disaster was shown to
compromise eating and speaking ability and to discourage
individuals from communicating with others. Public health
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interventions after major disasters should include dental
care.
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