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Effect of Regular Professional Supragingival Plaque Control in Elderly
Nursing Home Residents : A Two-Year Study

Satoshi Sekino®, Takeshi Kikutani®, Fumiyo Tamura?,

Akiko Hisano®, Yuzo Fujita” and Yukihiro Numabe®

Y Department of Periodontology, School of Life Dentistry at Tokyo, The Nippon Dental University
#Tama Oral Rehabilitation Clinic , The Nippon Dental University, Dental Hospital
) Division of General Dentistry, The Nippon Dental University Hospital

The purpose of this study was to clarify the effect of regular professional supra-gingival plaque control over 2 years
on the dental hygiene status and periodontal conditions of elderly in need of care. The subjects were 88 nursing home
elderly (mean age : 81.8 = 9.1 years) in Taito~ku, Tokyo. Thirty nine subjects were excluded because they either
moved away or died. Fifteen residents received weekly supra-gingival plaque control performed by dental hygienists
in addition to habitual tooth brushing methods by themselves and/or helpers (intervention group) for a baseline. In
another 34 subjects, self-performed tooth brushing and/or brushing by helpers were continued (control group).
Probing pocket depth (PPD), clinical attachment level (CAL), bleeding on probing (BOP), plaque index (PII) were
recorded at baseline and 2 vears. Reduction of mean PlI in the intervention group was 0.3+0.4 in 2 years, while in the
control group, mean PlI increased by 0.1 +0.8. The differences were statistically significant (p<<0.05). There were no
statistically significant differences with respect to mean PPD, mean CAL and mean BOP between the groups. In the
intervention group, 17 out of 199 teeth were lost (8.5%), while 36 out of 311 teeth were lost (11.6%) in the control
group. These results demonstrated that systemic professional oral care performed by dental hygienist improved the
oral hygiene status in elderly residents in nursing homes. A further large-scale study on the introduction of a

meticulous oral hygiene program is necessary.

Key words : elderly residents in nursing home, dental hygienist, plague control, periodontitis, tooth loss
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Foreign body asphyxiation causes severe medical conditions including pneumonia in the elderly
requiring nursing care. The objective of this study was to elucidate the relationships between insufficient
occlusal support due to tooth loss and the onset of asphyxiation accidents, and determine preventive
measures for such accidents in nursing homes in Japan. The subjects were 437 elderly (110 men and 327
women) requiring nursing care. The frequency and risk factors for asphyxiation accidents and the food
causing asphyxiation were examined in these subjects for 2.5 years, from June 2006 to December 2008.
During the study period, 51 of the 437 subjects suffered asphyxiation. Self-feeding ability and loss of
occlusal support were assaciated with a covariate-adjusted relative ratio for asphyxiation of 3.1 (95%
confidence interval (CI) = 1.50-6.44) and 1.7 (95% CI = 1.12-2.74), respectively. To prevent asphyxiation
in elderly people, it was found that maintaining or restoring occlusal support may be required. It was
concluded that self-feeding ability and loss of occlusal support are significant risk factors for foreign-body
asphyxiation among elderly people requiring nursing care.

© 2012 Published by Elsevier Ireland Ltd.

1. Introduction

Asphyxiation occurs when any object is aspirated into the
larynx or tracheobronchial tree, and causes airway obstruction:
this obstruction can result in inability to breathe, with the need for
rapid intervention to prevent asphyxial death (Ekberg and
Feinberg, 1992). Therefore, asphyxiation cases are identified by
signs and symptoms of dyspnea, abnormal respiratory rate,
rhythm/depth of breathing, restlessness and cyanosis. Asphyxia
is reported to be a common cause of death not only in the general
population (Feinberg et al., 1992), but also in infants (<1 year of
age) and the elderly. To date, a high frequency (incidence: 0.66
fatalities/100,000) of asphyxia has been reported in the general
population each year (Fioritti et al., 1997). In Japan, deaths from
asphyxiation have increased since the 1980s. Moreover, the
mortality from asphyxiation incidents in infants has decreased
by more than 60% in the past 30 years. However, mortality from
asphyxiation in the elderly has increased rapidly (Ichikawa and
Marui, 2000). This represents an important warning regarding
asphyxiation to both elderly receiving care and their caregivers.

* Corresponding author at: Rehabilitation Clinic for Speech and Swallowing
Disorders, The Nippon Dental University School of Life Dentistry at Tokyo, Dental
Hospital, 3-16 Fujimi 2-chome, Chiyoda-ku, Tokyo 102-8158, japan.
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Samuels and Chadwick (2006) reported rapid eating, cramming
of food into the mouth, and premature transfer of food into the
pharynx as possible causes of asphyxiation in the elderly. Several
reports have also suggested that oral stage dysfunction and
cognitive impairment contribute to asphyxiation (Carter and
Jancar, 1984; Feinberg et al., 1992; Finestone et al., 1998). A huge
number of elderly people, including those requiring nursing care,
lose teeth and/or occlusal support, resulting in decreased oral
function (Hatch et al., 2001). Since wearing dentures is related to
oral function, speech function and independent activities of daily
living (Minakuchi et al., 2006), elderly people who lose occlusal
support must wear dentures. However, it is sometimes difficult for
elderly people requiring nursing care to wear dentures, for many
reasons including mismanagement of dentures, losing dentures,
and shortage of oral-care services. There have been few reports on
the relationship between asphyxiation accidents and insufficient
occlusal support due to tooth loss or failure to restore occlusal
support by means of dentures. Haddon suggested that it is possible
to eliminate these risk factors related to accidental death. Even
when accidents do occur, the worst outcome can be avoided by
thorough application of appropriate measures during and after an
accident (Haddon, 1980).

In the present study, we examined the risk factors for
asphyxiation accidents among the elderly in nursing homes, and
determined the relationships among insufficient occlusal support
caused by tooth loss, restoration of occlusal support by means of
dentures, and asphyxiation accidents.
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2. Materials and methods
2.1. Participants

The survey was conducted in 486 individuals (mean age:
85.0 £ 8.5 years), whose guardians gave consent to their participation
in the present study, among elderly people requiring care in 13
nursing homes in Japan. Of them, those who were discharged from
nursing homes (n = 49) because of other reasons than asphyxiation
were excluded from this study, since we could no longer peruse therm.
The study was performed on 437 subjects (110 men and 327 women;
mean age, 80.8 + 8.3 years for men and 86.4 = 8.1 years for women;
Barthel index, 25.1 = 25.0).

2.2. Survey of asphyxiation

Asphyxiation occurring while eating food over a period of 2
years and 6 months from June 2006 to December 2008 was
examined, and the outcomes were also determined. In this
study, asphyxiation accidents were limited to those caused by
food.

Asphyxiation cases were identified by signs and symptormns such
as dyspnea, abnormal respiratory rate, rhythm/depth of breathing,
restlessness and cyanosis as reported by the North American
Nursing Diagnosis Association (2003).

2.3. Examination of risk factors for asphyxiation

The following six items were assessed to examine the risk
factors for asphyxiation. In terms of the oral environment and oral
function, the procedures used by dentists and physicians in each
nursing home were studied.

2.3.1. Self-feeding ability

Subjects who could feed themselves at least partly without any
help were assigned to the “independent group” and those who
were able to eat only with assistance were assigned to the
“dependent group”.

2.3.2. Activity of daily living (ADL)

ADL in these subjects was evaluated using the Barthel Index
(Mahoney and Barthel, 1965). When the index was 45 points
or higher, ADL was considered to be maintained, and when
the index was less than 40 points, ADL was considered to be
decreased.

2.3.3. Cognitive function

The severity of senile dementia was evaluated according to
“ADL independence of demented elderly”, designed by the
Ministry of Health, Labour and Welfare of Japan (http://
www.mhlw.go.jp:80/topics/kaigo/kentou/15kourei/san-
koud.html; Hirakawa et al., 2008). Cognitive impairment was
identified at rank 2 and higher of this scale (Table 1).

2.3.4. Tongue coating

Tongue coating was visually evaluated according to the report
by Miyazaki et al. (1995). We divided the scores into two groups
(no, score 0 and 1; yes, score 2 and 3).

2.3.5. Food residue
We assessed food residue in the oral region after a meal {Ono
et al,, 2007).

2.3.6. Xerostomia
The presence or absence of xerostomia was examined. The
categories reported by Kakinoki et al. (2004) were dry, mildly dry,

Table 1
ADL independence of demented elderly (Ministry of Health, Labour and Welfare of

Japan).

Rating criteria Description

Rank 0 Clear mentality

Rank 1 Although demented, the subject is almost
independent in ADL at home or elsewhere

Rank 2 The subject shows slight impairment of cognition,
but is independent under a carer’s observation

Rank 3 The subject sometimes shows impairment of
cognition, thus a carer is required

Rank 4 The subject often shows impairment of cognition,
thus a carer is required all time

Rank 5 The subject shows serious mental symptoms or

problematic behavior, thus specific medical care
is required

wet (normal) and wet (high). The categories of dry and mildly dry
were considered to indicate xerostomia.

2.4. Assessment of oral function

Assessment of oral function was performed based on the
current number of teeth, occlusal condition and presence or
absence of swallowing disorder,

2.4.1. Assessment of occlusal condition

With regard to the occlusal condition, the Eichner classification
of occlusal support regions (Eichner, 1955) was used for reference.
Subjects with an Eichner occlusal support classification of A1-B1,
who had occlusal support in at least three sites in the molars, were
assigned to the “natural occlusal support group”. Those in whom
occlusal support was restored with removable dentures were
assigned to the “denture occlusal support group”. Those with
occlusal support in two or fewer sites with an Eichner classification
of B2-C3, with no occlusal support in the molars, and unrestorable
occlusal support using removable dentures were assigned to the
“occlusal support disruption group”.

2.4.2. Swallowing disorder

Swallowing disorder was defined as cases in which choking or
accidental aspiration occurred, and cases that showed a gurgling
sound on auscultation of the neck region (Takahashi et al., 1994)
after swallowing 3 ml of water.

2.5. Survey of diagnosis

The presence or absence of general conditions that might have
affected swallowing function was determined.

2.6. Survey of concomitant medication

Medication that might have affected oropharyngeal function
(e.g., psychotropic agents, antidepressants) (Carl and Johnson,
2006) was investigated.

2.7. Statistical analysis

Chi-squared test was used to determine the independence of
each group in two-group comparisons. Risk factors were screened
by logistic analysis of variance using the presence or absence of a
history of asphyxiation as a dependent variable and the presence of
significant factors as an independent variable. The stepwise
method (backward elimination method) was used for variable
selection. Windows Japanese version SPSS (Ver. 16) was used for
statistical analysis, and the level of significance was a p value of
<0.05.
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Table 2
Univariate analysis of subjects’ demographics.
Asphyxiation (n=51) No asphyxiation Relative risk (95% CI) p value
(n=386)

Sex Male 10 100 1.43 (0.69-2.97) 0.21
Female 41 286

Self feeding Independent 41 209 3.47 (1.69-7.13) <0.001
Dependent 10 177

ADL Maintained 34 312 2.11 (1.12-3.98) 0.02
Decreased 17 74

Cognitive function Maintained 28 117 2.80 (1.55-5.06) <0.001
Decreased 23 269

Tongue coating Yes 20 135 1.20 (0.66-2.19) 0.55
No 31 251

Food residue Yes 20 157 0.93 (0.51-1.69) 0.32
No 31 222

Xerostomia Yes 15 132 0.80 (0.42-1.52) 0.44
No 36 254

Occlusal support Natural occlusal 5 83
support
Denture occlusal 16 153 0.02
support
Occlusal support 30 150
disruption

Swallowing disorder Yes 27 124 2.38 (1.32-4.29) 0.03
No 24 262

Previous stroke Yes 19 212 0.72 (0.40-1.32) 0.18
No 32 174

Drug administration Yes 16 110 1.15 (0.61-2.16) 0.39
No 35 276

3. Results
3.1. Incidence of asphyxiation

Fifty-one subjects suffered asphyxiation due to food (10 men
and 41 women; mean age, 85.6 + 7.1 years). The annual incidence of
asphyxiation accidents was 4.7%. Four subjects had two or more
episodes of asphyxiation during the period (four times: one subject,
three times: two subjects, two times: one subject). Death caused by
asphyxiation occurred in two subjects.

The food causing asphyxiation was fruit in seven subjects,
vegetables in four, meat in four, fish in four, rice in three, bread in
one, and others in six. There were 29 unclear cases where several
foods were involved. There could be multiple causes in those
subjects. After the onset of asphyxiation, 13 subjects (25.5%) were
transferred to an emergency clinic or hospitalized, but two of them
died in hospital within 24 h.

3.2. Risk factors

Factors showing a significant relationship with the onset of
asphyxiation were self-feeding [p < 0.001, relative risk=3.47
(1.691-7.131)], ADL [p=0.02, relative risk=2.11 (1.12-3.98)],
and cognitive function [p <0.001, relative risk=2.80 (1.55-
5.06)]. Among 180 subjects who had lost occlusal support with
their natural teeth and did not regain occlusion, 30 subjects
(16.7%) suffered asphyxiation. However, among 169 subjects
whose occlusal support was restored with dentures, 16 subjects
(9.5%) suffered asphyxiation, and among 88 subjects with
occlusal support with their natural teeth, 5 subjects (5.7%)
suffered asphyxiation. The incidence of asphyxiation showed
a significant difference (p=0.016) among the three groups
(Table 2) (Fig. 1).

3.3. Survey of diagnosis

The presence or absence of general conditions that might have
affected swallowing function was determined, and found out that
none of them had affected swallowing function (Table 3).

3.4. Results of logistic analysis

Risk factors were screened by logistic analysis of variance using
the presence or absence of a history of asphyxiation as a dependent
variable and the presence of significant factors in univariate
analysis as an independent variable. The stepwise method
(backward elimination method) was used for variable selection.
As a result, “self-feeding” (p < 0.001, relative risk=3.11, 95% CI:

(%)

[1 No asphysiation
E Asphyxiation

Occlusal support
disruption group

Denture occlusat
support group

Natural occlusal
support group

Fig. 1. Relationship between dental status and incidence of asphyxiation. Among
171 subjects who had lost occlusal support with their natural teeth and did not
regain occlusion with dentures, 30 subjects (17.5%) suffered asphyxiation. Among
215 subjects whose occlusal support was restored by means of dentures, 21
subjects (9.8%) suffered asphyxiation. Among 113 subjects with occlusal support
with their natural teeth, 5 subjects (4.4%) suffered asphyxiation (p =0.016, chi-
squared test).
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Table 3
Univariate analysis of subjects’ general conditions.
Asphyxiation (n=51) No asphyxiation (n=386) Relative risk (95% CI) p value
Cerebrovascular disease Yes 19 212 0.72 (0.40-1.32) 0.180
No 32 174
Neuromuscular disease Yes 5 25 1.57 (0.57-4.30) 0.264
No 46 361
Cardiac disease Yes 4 48 0.60 (0.21-1.74) 0.242
No 47 338
Respiratory disease Yes 4 18 1.74 (0.57-5.36) 0.247
No 47 368
Diabetes Yes 1 5 1.52 (0.17-13.31) 0.527
No 50 381
Bone and joint disease Yes 16 97 1.36 (0.72-2.57) 0.395
No 35 289

1.50-6.44) and “occlusal support” (p=0.01, relative risk=1.75,
95% Cl: 1.12-2.73) were selected as significant explanatory
variables (Table 4).

4. Discussion

The annual incidence per capita of asphyxiation accidents in the
present study was 4.7 per 1000 population in Japan; this is lower
than the results from previous research carried out at day-care
facilities for elderly people (Takahashi et al., 1994). The incidence
of asphyxiation among elderly people in care facilities for the aged
was clearly higher than that of elderly people living at home. The
elderly people in care facilities appeared to be frailer than those
who received care at home. Although the frequency was generally
low, accidents were often fatal. Our results show that many
individuals were hospitalized after asphyxiation accidents and
some of them died. Among the subjects with asphyxiation,
approximately 8% had several asphyxiation episodes during the
study period, which is four times higher than that reported
previously (Suda et al, 2008). Those who suffered several
asphyxiation accidents were considered to be at higher risk of
death.

We demonstrated that factors related to asphyxiation accidents
include self-feeding, ADL, cognitive function, occlusal support of
molars, and swallowing disorders. Of these, there was a strong
correlation between occlusal support of molars and the incidence
of asphyxiation. Many elderly people lose their teeth because of
dental caries or periodontal disease, and many of those in the
present study had lost occlusal support with their natural teeth.
This may lead to reduced chewing ability in elderly people (Hatch
etal, 2001). However, the rate of use of dentures, especially among
frail individuals, is known to be low. The ability to use dentures is
reduced by impaired cognitive function, apraxia, and spatial
cognition disorders and is known to be affected by a decrease in
ADL (Carter and Jancar, 1984).

We demonstrated that cognitive function is one of the risk
factors for asphyxiation. In elderly people with reduced cognitive
function requiring nursing care, it has been reported that

Table 4
Independent predictors of asphyxiation.
Coefficient p value Relative  95% CI
(+S.E) risk
Lower Upper
Self feeding 1.13 (+037)  <0.001 3.11 1.50 6.44
Occlusal support 0.56 (:0.23) 0.01 1.75 1.12 2.73

S.E.: standard error.

swallowing without chewing as well as cramming food into the
mouth often occurs (Samuels and Chadwick, 2006). These people
have also been reported to show symptoms of fast-eating
syndrome (Bazemore et al,, 1991). In fact, many elderly people
with dementia die because of accidental swallowing or asphyxia-
tion (Brunnstrom and Englund, 2009). In comparison with patients
with cerebrovascular dementia, patients with frontotemporal
dementia are known to have abnormal eating habits, including
cramming food and eating fast (Bathgate et al., 2001), which makes
it necessary to take measures to prevent asphyxiation in
accordance with the type of dementia.

It is interesting that the incidence of asphyxiation showed a
strong association with the ability to self-feed. The ability to
understand the use of eating utensils, a sufficient range of arm
motion, and coordination of both arms and oral function are
necessary for self-feeding. Good management of self-feeding
ability is an important factor in maintaining quality of life of the
elderly. According to Volicer et al. (1987), (50)% of patients with
Alzheimer disease lose the ability to self-feed within 8 years after
diagnosis. Apraxia and spatial-cognitive disorders cause problems
in self-feeding ability. Many diseases associated with dementia are
considered to impair self-feeding ability. To improve or maintain
self-feeding ability, it is necessary to undertake very complex
measures based on an understanding of one’s own chewing
function and swallowing function, and on selection of food in
accordance with those functions. If selection of food is necessary,
reprocessing of food could be undertaken such as by subdividing,
cutting or mixing, to make the food match the functions mentioned
above. Every individual must consider the pace of eating by
coordinating the amount of food in each bite to prevent accidents.

The results of this study suggest that absence of occlusal
support is a risk factor for asphyxiation. Individuals who had lost
occlusal support with their natural teeth showed a higher risk of
asphyxiation than those with occlusal support. These results
suggest that restoration of occlusal support with dentures might be
an effective procedure to prevent asphyxiation. If dentists
undertook measures based on continuous dental management
for frail elderly people, more people might become able to wear
dentures (Kawana et al.,, 2010). Prevention of dental caries and
periodontal diseases that cause tooth loss is, of course, essential to
prevent loss of occlusal support, and should be included in the
management plan. Maintenance of occlusal support for frail elderly
people by means of continuous management by dentists is also
effective to prevent asphyxiation.

To further prevent asphyxiation and eat safely in elderly people
with little ability to control the speed and amount of food, it is
important to assist such people while taking food, rather than
encourage them to improve their self-feeding ability.
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Relationship between nutrition status and dental occlusion
in community-dwelling frail elderly people
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Aim: This study aimed to determine the risk of malnutrition in some communities where the frail elderly receive
public long-term care insurance. We also clarified the dental problems in those at risk of malnutrition.

Methods: A total of 716 frail elderly who lived in eight cities in Japan (240 males and 476 females with a mean age of
83.2 + 8.6 years) were divided into three groups according to Mini Nutritional Assessment short form results: well
nourished, at risk of malnutrition and malnourished. They were also divided into three groups in terms of remaining
teeth occlusion and denture occlusion: group A, natural dentition with adequate function; group B, partially or fuily
edentulous, but maintaining functional occlusion with dentures in either or both jaws; and group C, functionally
inadequate occlusion with no dentures. The relationship between nutrition status and dental occlusion was evaluated
using logistic regression analysis with sex, age, activities of daily living and cognitive function as covariates.

Results: The number of participants in each of the groups was as follows: 251 well nourished, 370 at risk of
malnutrition and 95 malnourished. When they were divided into just two groups, (i) well nourished and (ii) at risk of
malnutrition plus malnourished, in order to study malnutrition risk factors, there were significant relationships
between their nutritious status and sex, Barthel index, and occlusion.

Conclusion: This large-scale cross-sectional survey showed that loss of natural teeth occlusion was a risk factor for
malnutrition among community-dwelling frail elderly. Geriatr Gerontol Int 2013; 13: 50-54.

Keywords: frail elderly people, Mini Nutritional Assessment short form, nutrition, occlusion.

Several screening methods are available for determin-
ing malnutrition, but the use of a questionnaire is a
simpler and more convenient method for a large-scale
survey.* Especially, The Mini Nutritional Assessment

Introduction

The intake of nutrients from daily meals is the founda-
tion of life. Low nutrition decreases the immunological

defenses, reduces physical functions, and can be a direct

or indirect cause of morbidity and mortality among the
elderly.'? It has been reported that 1-15% of outpatients
and 15-60% of the institutionalized elderly suffer from
protein-energy malnutrition (PEM),® suggesting that the
condition of elderly at risk of malnutrition should be
investigated and improved without delay.
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short form (MINA-SF) has been highly utilized world-
wide, and its sensitivity and specificity have already been
shown.>

The present study evaluated the malnutrition risk for
community-dwelling frail elderly receiving public long-
term homecare insurance in Japan using the MNA-SF
to determine whether dental occlusion might influence
the risk of malnutrition.

Methods

The participants were 716 elderly individuals living at
home and receiving public long-term care insurance
services (240 males and 476 females with a mean age of

© 2012 Japan Geriatrics Society
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83.2 £ 8.6 years) in eight prefectures in Japan (Tokyo,
Fukushima, Kanagawa, Yamanashi, Shizuoka, Niigata,
Fukuoka and Okinawa). Their malnutrition risk was
evaluated using the MNA-SF, and also age, sex and
underlying medical problems using the Charlson index’
were determined. In addition, activities of daily living
(ADL) and cognitive function were evaluated using the
Barthel index® and the Clinical Dementia Rating,’
respectively, based on information from caregivers or
care managers. This evaluation also determined one of
the living environment factors, whether or not living
alone.

The participants received oral examinations by a
dentist or dental hygienist at home or at the day care
facility they usually used, and molar occlusion was clas-
sified into the following three groups according to eden-
tulous condition and denture-wearing status:

e Group A, natural dentition with adequate function

¢ Group B, partially or fully edentulous, but maintain-
ing functional occlusion with dentures in either or
both jaws

e Group C, functionally inadequate occlusion with no
dentures

Swallowing function was evaluated using a stetho-
scope to determine whether cervical auscultation of
swallowing sounds was normal or abnormal.'® Before
the examination, the dentist and dental hygienist in
charge were instructed about the cervical auscultation
method.

The participants were divided into three groups
according to the result of the MNA-SF: (i) well-
nourished; (ii) at risk of malnutrition; and (iii) malnour-
ished. The relationship between participants’ general
condition and oral status was analyzed using the y*-test
and one-way ANOVA. In addition, participants were also
divided into two groups: (i) well-nourished; and (ii) at
risk of malnutrition or malnourished. Logistic regres-
sion analysis was carried out to study the significant risk
factors influencing malnutrition. Participants were also
divided into two groups according to whether they were:

(i) well-nourished plus those at risk of malnutrition; and
(i) malnourished. Logistic regression analysis was
carried out to clarify the characteristics of malnourished
subjects. PASW Statistics 18 (IBM, Tokyo, Japan) was
used for statistical analysis with the significance level set
at 95%.

Results

The MNA-SF showed the following: 251 individuals
(94 males and 157 females) were well nourished, 370
(120 males and 250 females) were at risk of malnutrition
and 95 (26 males and 69 females) were malnourished.
Table 1 shows the general condition of participants,
number of missing teeth and number of remaining teeth
roots among those without occlusion according to
nutrition group. The number of participants who lived
alone by nutrition group was 30 in the well-nourished
group (17.9%), 29 in the at risk of malnutrition group
(14.0%) and 16 in the malnourished group (28.6%;
P <0.05).

The number of participants by occlusal relationship
was 174 in group A (80 males and 94 females with a mean
age of 78.7 £ 9.0 years), 421 in group B (120 males and
301 females with a mean age of 84.6 * 8.0 years) and 121
in group C (40 males and 81 females with a mean age of
84.9 £ 7.7 years), which indicated that there was a sig-
nificant correlation between occlusal relationship and
nutrition status (P < 0.05; Fig. 1).

Cervical auscultation showed that the 516 partici-
pants exhibited normal swallowing sounds (151
males and 365 females with a mean age of
82.8 + 8.4years) and 200 had abnormal swallowing
sounds (89 males and 111 females with a mean age of
84.0 + 9.0 years). There was a significant relationship
between normal swallowing sounds and nutrition status
(P <0.0S, Fig. 2).

The results of the logistic regression analysis showed
a significant relationship between malnutrition risk and
sex, Barthel index, and occlusal relationship (Table 2).

Table 1 General condition and the number of missing teeth by nutrition group

Well nourished At risk of malnutrition Malnourished
Age 81.9+8.6 83.9 £ 8.3% 83.8+9.3
Charlson index 14+1.5 1.6+1.4 1.8 £ 1.4%*
Barthel index 77.1+20.8 57.2 +27.8% 34.3 + 28 ¥FHE*E
Clinical dementia rating 0.8+0.9 1.2 £1.0* 1.4+ 1.1%%
No. missing teeth 20.2£10.6 22.4+9.8% 21.2£9.6
No. remaining teeth root 0.9+£2.2 1.7 £3.3* 2.3 £ 4.0%*
No. occlusal group (group A/B/C) 80/145/26 66/232/72 28/44/23t
No. swallowing sounds (normal/abnormal) 208/43 262/108 46/491

One-way ANOVA and Games-Howell pairwise comparison test were used for parametric variables. *P < 0.05, well-nourished
versus at risk of malnutrition; **P < 0.05, well nourished versus malnourished; ***P < 0.05, at risk of malnutrition versus
malnourished. *The y?-test was used for non-parametric variables (<0.05).

© 2012 Japan Geriatrics Society
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Figure 1 Relationship between nutrition and occlusion
(x*-test, P < 0.05). Group A: natural dentition with adequate
function. Group B: partially or fully edentulous, but
maintaining functional occlusion with dentures in either or
both jaws. Group C: functionally inadequate occlusion with
no dentures.
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Figure 2 Relationship between nutrition and abnormal
swallowing sounds detected by cervical auscultation (y’-test,
P <0.05).

A significant relationship was also observed between
malnutrition and Barthel index, abnormal swallowing
sounds by cervical auscultation, and living alone
(Table 3).

Discussion

The results of the present study showed that the
number of frail elderly with malnutrition was 13.3%
(95), which is nearly in agreement with the results of a
previous study carried out in Japan." Furthermore, the
number of the participants at risk of malnutrition,
including those in the at risk of malnutrition and
malnourished groups was 64.9% (465), which surpri-
singly exceeded 50% of the participants. This result
shows that improvement in the nutrition status of frail
elderly living in home care needs to be urgently
addressed.

The Barthel index was the significant factor docu-
menting both malnutrition risk and malnourishment in
the present study. Many researchers agree that there is a

52 |

relationship between physical function and nutrition
status.' It might be concluded that individuals whose
daily activity is limited tend to avoid shopping for food
items, resulting in nutritional disturbance.

In addition to the Barthel index, sex was found to be
a significant factor influencing malnutrition risk. The
present study showed that older females had a 1.845-
fold greater malnutrition risk than older males (95% CI
1.121-3.036), which agreed with the results of a previ-
ous study that showed that older females were more
likely to develop nutritional disturbance, both obesity
and malnutrition."

Furthermore, occlusal status was significantly related
to malnutrition risk. The group C individuals (function-
ally inadequate occlusion with no dentures) had a
3.189-fold greater malnutrition risk than group A
(natural dentition with adequate function; 95% CI
1.437-7.080). Chewing efficiency, for example, the rate
of breakdown of food during mastication, is clearly cor-
related with features of the dentition, such as number of
posterior teeth and occlusal relationships." The most
pronounced difference in intake involves hard-to~chew
foods, such as vegetables and some fruits, therefore
tooth loss affects elements of nutritional intake, such as
dietary fiber and vitamins.'> These micronutrients are
the key element in maintaining good nutrition, which
suggests that lack of such food might result in greater
malnutrition risk.

In addition, group B (partially or fully edentulous,
but maintaining functional occlusion with dentures in
either or both jaws) had a 1.704-fold greater malnu-
trition risk than group A (95% CI 1.013-2.864). Pre-
vious studies have shown that individuals who have
lost natural molar contacts consume lesser amounts of
hard-to-chew foods, such as vegetables and fruits,
even though they use their dentures during food
intake.’® Our findings in the present study support the
view that denture use is not sufficient to compensate
for natural teeth. Recently, Bradbury ez al. showed that
food instruction encourages an increase in the con-
sumption of vitamins and minerals among new
denture wearers.”” In general, denture treatment has
not usually included in such dietary intervention.
Future studies will be required to identify the effect of
dietary intervention on the prevention of malnutrition
in denture users.

In contrast, there was no significant relationship
between malnourishment and occlusion in frail elderly
participants. There were significant relationships
between malnutrition and Barthel index, abnormal
swallowing sounds detected by cervical auscultation,
and living alone. These results suggest that malnour-
ished elderly have already developed dysphagia resulting
in dietary modification;' therefore, their malnutrition
might be less influenced by a proper occlusal relation-
ship. A vicious cycle, in which decreased ability to

© 2012 Japan Geriatrics Society
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Table 2 Jtems significantly involved in malnutrition risk

B Standard Wald P-value Exp (B) 95% Confidence
deviation interval
Sex 0.612  0.254 5.803  0.016 1.845 1.121 3.036
Age -0.001  0.015 0.006  0.939 0.999 0.971 1.028
Charlson index 0.089  0.082 1.168  0.280 1.093 0.930 1.284
Barthel index -0.036 0.008 43.381 0.000 0.965 0.955 0.975
Clinical Dementia Rating 0.156  0.140 1.251  0.263 1.169 0.889 1.537
Swallowing sounds 0.482  0.297 2.627  0.105 1.619 0.904 2.900
Occlusal relationship (a) group A vs 0.533  0.265 4.039  0.044 1.704 1.013 2.864
group B
Occlusal relationship (b) group A vs 1.160  0.407 8.125  0.004 3.189 1.437 7.080
group C
Living alone 0.353  0.301 1.380  0.240 1.424 0.790 2.567
Constant 1.701  1.265 1.807  0.179 5.479

The participants were divided into two groups according to their nutrition status: (i) a well-nourished group; and (ii) a group
that included those at risk of malnutrition and malnourished. Group A, natural dentition with adequate function; group B,
partially or fully edentulous, but maintaining functional occlusion with dentures in either or both jaws; group C, functionally

inadequate occlusion with no dentures.

Table 3 Items significantly involved in malnutrition

B Standard Wald P-value Exp (B) 95% Confidence
deviation interval
Sex 0.613  0.388 2.501 0.114 1.846 0.864 3.947
Age -0.002  0.021 0.007  0.933 0.998 0.958 1.040
Charlson Index 0.014 0.104 0.019  0.891 1.014 0.827 1.244
Barthel Index -0.035  0.007 27.940  0.000 0.966 0.953 0.978
Clinical Dementia Rating -0.072  0.178 0.165  0.685 0.930 0.657 1.318
Swallowing sounds 1.060  0.340 9.684  0.002 2.885 1.480 5.623
Occlusal relationship (a) group Avs 0453  0.391 1.343  0.246 0.636 0.295 1.368
group B
Occlusal relationship (b) group Avs  -0.485  0.520 0.871  0.351 0.616 0.222 1.705
group C
Living alone 1.461 0.403 13.143 0.000 4.312 1.957 9.502
Constant -0.746  1.777 0.176  0.674 0.474

Participants were divided into two groups according to their nutritious status: (i) a group of weil-nourished individuals and
those at risk of malnutrition; and (ii) a group of malnourished individuals. Group A, natural dentition with adequate function;
group B, partially or fully edentulous, but maintaining functional occlusion with dentures in either or both jaws; group C,

functionally inadequate occlusion with no dentures.

swallow food could accelerate malnutrition, was also
considered. Elderly people who live alone are less likely
to follow through with dietary modification,” and it
might lead to malnutrition regardless of occlusal
status.

In conclusion, the present study, as well as previous
studies, has shown that retaining the natural teeth plays
an important role in the prevention of nutritional dis-
turbance, and that early dental treatment in the elderly
is important to protect their teeth and occlusion. Dieti-
cians, as well as other care staff, should monitor oral

© 2012 Japan Geriatrics Society

conditions, such as remaining teeth and occlusion, in
the elderly in order to prevent malnutrition. We also
suggest that all dentists enhance their skills and knowl-
edge in the fields of swallowing function and nutritional
guidance.
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Abstract Many clderly people under long-term care
suffer from malnutrition caused by dysphagia, frequenty
leading to sarcopenia. Our hypothesis is that sarcopenia
may compromisc oral function, resulting in dysphagia. The
objectives of this study were to evaluate sarcopenia of the
lingual muscles by measuring the tongue thickness, and
elucidate its relationship with autritional status, We
cxamined 104 elderly subjects (mean age = 80.3 £ 7.9
years). Anthropometric data, such as triceps skinfold
thickness and midarm muscle area (AMA), were obtained.
The tongue thickness of the central part was determined
using ultrasonography. Measurement was performed twice
and the mean value was obtained. The relationship between
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tongue thickness and nutritional status was analyzed by
Pearson’s correlation coefficient and Spearman’s rank
correlation coefficient. AMA and age were identified by
multiple-regression analysis as factors influencing tongue
thickness. The results of this study suggest that malnutri-
tion may induce sarcopenia not only in the skeletal muscles
but also in the tongue.

Keywords Tongue thickness - Nutritional status -
Dysphagia - Sarcopenia - Ultrasonography - Deglutition -
Deglutition disorders

The tongue plays an important role in feeding and swal-
fowing function. Feinberg et al. 1] reported that bolus
misdirection due to dysfunction and abnormality was more
frequent at the oral stage alone or at both the oral and
pharyngeal stages than at the pharyngeal stage alone.
Dysfunction and abnormality of the tongue might also be a
reason for dysphagia, since problems at the oral stage are
one of the reasons for dysphagia. Many elderly people
under long-term care suffer from malnutrition cavsed by
dysphagia and frequently develop sarcopenia because of
malnutrition |2]. Sarcopenia is defined as foss of muscular
mass, strength, and physical performance. Sarcopenia
causcd by aging is also affected by the levels of anabolic
hormones, which may suppress appetite or lead to a
reduction of protein synthesis, resulting in worsening of the
condition [3, 4] and subscquent restriction of physical
activities in the elderly.

Elderly people frequently suffer from cating malfunc-
tion and mainutrition |5, 6]. Fewer occluding pairs of teeth
decrease chewing function and increase chewing difficulty
{7]. Thercfore, chewing ability may contribute to the reg-
ulation of nutritional status in the elderty, as reported
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previously [8]. Subsequently, chewing ability is associated
with not only oral health status but also with the physical
constitution of the elderly [8]. Low tongue pressure reflects
dysphagic tongue movement and cough {9]. Moreover, a
decline of oral muscle strength as well as fewer occluding
teeth may cause malfunction of feeding; therefore, we
presume that malnutrition may worsen in dysphagic
patients. OQur hypothesis is that sarcopenia may occur in the
tongue as well as in other tissucs. In other words, we
speculated that muscle volume may relate to tongue sar-
copenia rather than to body size. If so, sarcopenia of the
lingual muscles would compromise oral function in the
elderly. Once atrophy of the tongue occurs, people may
start to develop malnutrition because of dysphagia. In most
cases, the meal texture of these people becomes softer,
requiring less power of tongue movement. Consequently,
tongue atrophy may be promoted. The objectives of this
study were to evaluate sarcopenia of the lingual muscles by
measuring the tongue thickness and to elucidate its rela-
tionship with nutritional status.

Subjects and Methods

We studied 104 clderly subjects (32 men and 72 women,
mean age = 80.3 & 7.9 years). All maintained occlusal
support with either natural dentition or dentures. Neither
paralysis nor atrophy of the tongue was observed. The
anthropometric data of triceps skinfold thickness (TSF),
midarm muscle area (AMA), body weight (BW), and height
(HT) were measured to evaluate nutritional status [8, 10].

Anthropometric measurements were conducted as fol-
lows: Mid-upper-arm circumference (MAC) was measured
on the left arm with a tape measure. TSF was measured
with Harpenden Skinfold Calipers over the triceps muscle
at the midway point between the acromion and the olec-
ranon process. AMA was calculated from MAC and TSF
values based on a previously reported formula [11). The
mean of the twice-repeated measurements was taken as the
true vaiue. Tongue thickness was measured using ultraso-
nography (Nemio 17, SSA-550A, Toshiba Medical
Systems, Tokyo, Japan). A fixation device to retain a 3,75-
MHz convex probe (contact face size = 12 x 70 mm) in
an appropriate position was employed to obtain accurate
images, as shown in Fig. 1. To assure stable image
acquisition, the probe was firmly fixed to the subject’s
lower jaw by wrapping a belt around the head. The subjects
were asked 1o remain seated in an upright position. They
were also instructed to swallow their saliva often and to set
the tonguc at the resting position. Then, ultrasonic mea-
surements were carried out.

The measurement points were determined on the upper
and lower surfaces of the lingual muscles in the center of

@ Springer

Probe

Fig. 1 Position of ultrasonic probe in frontal view

the plane perpendicular to the Frankfurt horizontal plane in
a frontal section, as shown in Fig. 2 [12]. This perpendic-
ular plane went through the distal surfaces of the man-
dibular sccond premolars on both sides. The measurement
point on the coronal plane is shown in Fig. 3. The vertical
distance was measured from the surface of the mylohyoid
muscle to the tongue dorsum. Figure 4 shows an image of a
frontal scction of the tonguc on ultrasonography. Mea-
surements were performed twice in freeze-frame when the
tongue was restored to the resting position after swallowing
saliva, and the mean values were obtained. To determine
the reliability of the tongue thickness measurement, the
two-way mixed-ctfects model of the intraclass correlation
cocfficient (ICC) (1,2) was used. The ICC values were
above 0.75, indicating good reliability; values of 0.9 and

 Perpendicular plane

Direction of Probe

Fig. 2 Position of ultrasonic probe in lateral view. The measurement
points were determined at the center of the plane perpendicular to the
Frankfurt horizontal plane in a frontal section. The perpendicular
plane passes through the distal surfaces of the mandibular second
premolars on both sides



F. Tamura et al.: Tongue Thickness Relates to Nutritional Status

Fig. 3 Diagram of tongue, Tonque dorsum
Measured thickness is the g \ - i
vertical distance from the | Superior longitudinal
surface of mylohyoid muscle muscle
to the tongue dorsum Measu red . Ma
thickness 7 T Vertical muscle /
transverse muscle
Hyoglossus Inferior longitudinal
muscle musele

Mylohyoid muscle

. Genichyoid
muscle

Genioglossus muscle

+  Vertical distance from surface of mylohyoid muscle to tongue dorsum.

Tongue dorsum

Measured
thickness

Fig. 4 Ulirasonographic image

above are reportedly even more reliable for ensuring the
validity and reproducibility of clinical measurements [13].
The ICC (1.2) value for the intrarater reliability of tongue
thickness measurement was 0.856 (95 9% CI: 0.741-0.924).
The relationship between tongue thickness and nutri-
tional status was analyzed using Pearson’s correlation
coefficient and Spearman’s rank correlation coefficients
using the software SPSS v16 (SPSS, Inc., Chicago, 1L).
This study was approved by the Ethics Commmittee of
The Nippon Dental University, School of Life Dentistry at
Tokyo, Dental Hospital. Before starting measurements, the
purpose and the protocol were explained to the subjects
and/or their guardians in order to obtain their consent.

Results

Baseline Characteristics of Subjects

Table | gives the baseline characteristics of our subjects.
TSF = [ 1.4 & 4.6 mm, AMA = 349 4 7.6 em®, HT =

Table 1 Baseline characteristics of subjects (n = 104)

Mean SD
Age (years) 80.3 79
TSF t1.4 4.6
AMA 349 7.6
Height (em) 151.2 8.8
Bady weight (kg) 48.9 8.8
Tongue thickness {num) 46.9 55

TSF triceps skinfold thickness, AMA arm muscle area

1512 £ 8.8 cm, BW =489 4 88 kg, and
thickness = 46.9 = 5.5 mm.

tongue

Correlation Coefficients Between Tongue Thickness
and Other Variables

Table 2 gives the correlation coefficients between tongue
thickness and the other variables examined. Tongue
thickness correlated with age (r = — 0.393, P < 0.001),
TSF (r = 0.225. P < 0.05), AMA (r = 0424, P < 0.001),
HT (r=0312, P<00). and BW (r= 0434,
P < 0.001).

Table 2 Pearson’s rank correlation  coefficient  between

thickness and other variables

tongue

Variables Coeflicient P value
Age ~0.393 0.000
TSF 0.225 0.022
AMA (1.424 0.000
Height 0.312 0.001
Body weight 0.434 0.000

TSF miceps skinfold thickness, AMA arm muscle area

@ Springer
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Table 3 Factors related to tongue thickness by siepwise multiple
regression analysis

Variables Beta t P value
AMA 0.231 3412 0.001
Age —(.188 —2.868 0.005

AMA arm muscle arca

Model 1: Multiple correlation coefficient (R) = 0.424; adjusted
coefficient of determination (R%) = 0.180

Model 2: Multiple correlation coefficient (R) = 0.492: adjusted
coefficient of determination (R%) = 0,227

Stepwise Multiple Regression Analysis

Table 3 shows the results of a stepwise multiple regression
analysis conducted to identify the factor most strongly
influencing tongue thickness. The multiple correlation
coefficient (R) was 0.492 and the adjusted coeflicient of
determination (R?) was 0.227.

Discussion

Masticatory movement is governed by the coordinated
functions of oral organs: teeth, jaw, cheek, lips, and tonguc.
Among them, the tongue plays an important role in mas-
tication and swallowing since it transports food to the
molars, initiates mastication, mixes foods with saliva, and
propels a food bolus into the pharynx. Furthermore, the
swallowing reflex occurs because the tongue and the soft
palate close at the region of the fauces. Many clderly
people under long-term care develop malnutrition because
of a decline in masticatory and swallowing functions as
described above. Improvement in swallowing is considered
the most effective way to treat dysphagia because oral
dysfunction is also strongly associated with dysphagia [1].
Therefore, evaluating tongue dysfunction or abnormality
may be an essential diagnostic procedure for dysphagia.
There are many methods for evaluating tongue function,
i.e., measuring the strength [14—17] and speed and location
of movement [18]. The strength of the tongue has been
evaluated by measuring the maximum tongue pressure
against the palate {14, I5]. There are some reports that
tongue function in the elderly declines with age [14, 15, 19,
20]. However, the effects of malnutrition on tongue volume
in the elderly are still unknown. In our study we used
ultrasonography to measurce tongue thickness. Ultrasonog-
raphy is widely used for functional analysis of dysphagia
and is also reported to be very practical for anatomical
analysis [21]. Furthermore, vitrasonography has enormous
potential for visualizing the tongue in clinical research
becanse it is noninvasive and it is easy to perform repeated
examinations.

@ Springer

The age-associated loss of both muscle mass and
strength, termed sarcopenia, is highly relevant to nursing
home residents [22]. It was reported that tongue sarcopenia
was observed more frequently in aged rats than in control
rats {23, 24). However, the relationship between tongue
sarcopenia and aging in humans is obscure. The absence of
occlusal support affects tongue movement and oral func-
tion {14, 25, 26]. In this study we employed subjects with
posterior occlusal dentition of their natural tecth or den-
tures to climinate confounding variables.

It has been suggested that TSF and AMA correlate with
nutritional status [8. 10]. TSF represents fat volume and
AMA the muscle volume of the upper arm. Since there was
a significant associalion between tongue thickness and
nutritional status, tongue muscle volume may also be
related to nutritional status.

Furthermore, it was suggested that sarcopenia may
develop not only in skeletal muscles but also in the tongue.
Hence, dysphagia, tongue disuse syndrome, or malnutrition
may affect tongue thickness, with subsequent worsening of
malnutrition. Moreover, Saito et al. [27] reported that in
rats, the structurcs of tongue muscles (genioglossus and
geniohyoid) may be affected by fat deposition in myofi-
bers. Determination of the fat fraction may be required in
our future studics on tongue sarcopenia [28].

It was suspected that tongue thickness correlates with
mandibular length. In this regard, an animal study [29]
showed the relationship between tongue thickness and
mandibular length from infancy through childhood,
whereas no such relationship was identified in a human
study [30). However, in the present study we demonstrated
a significant relationship between tongue thickness and
AMA (an index indicating muscle mass) and age by
applying multiple regression analysis. Neither HT, a mar-
ker of bone in humans, nor BW (a similar marker) was
found to correlate with tongue thickness, suggesting that
general muscle volume and/or age alone may affect this
feature of the tongue.

Atrophy of the tongue may not be the only reason for
reduced tongue function and inability to maintain nutri-
tional status. However, Kikutani et al. [31] reported that
oral functional training to maintain and/or improve feeding
function is very efficient for improving the nutritional
condition. It was reported that muscle is replaced by fat or
fibrous tissues with aging [32], implying that tongue
exercise might restore muscle tissue. Robbins et al. [32}
and Yeates ct al. [33] also reported that exercising the
tongue prevented general sarcopenia. Therefore, effective
measures or protocols to prevent malnutrition, which
involve tongue exercise or rehabilitation, may be necessary
to improve tongue disuse syndrome. For this purpose, our
method of monitoring tongue thickness by ultrasonography
may provide information for a tongue exercise protocol or
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treatment plan. We will study further the relationship
between tongue pressure and tongue thickness in a future
investigation.

Conclusion

The findings of this study suggest that tongue thickness is
related to nutritional status in the elderly.
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