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Abstract
Objective: To investigate the association between oral health management (OHM) by 
dental hygienists and the occurrence of pneumonia, and determine the effectiveness 
of OHM in pneumonia prevention.
Background: In long-term care facilities in Japan, the need for professional OHM is 
increasing with an increase in the number of severely debilitated residents.
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1  | INTRODUC TION

According to the 2018 Japanese government's Vital Statistics,1 
pneumonia and aspiration pneumonia are the third leading causes 
of death. The aspiration of oral bacteria with saliva or food is 
the predominant cause of pneumonia in older adult patients.2,3 
Yoneyama et al4,5 showed the effectiveness of professional and 
mechanical oral cleaning by dentists or dental hygienists in the 
prevention of pneumonia when undertaken in addition to self-oral 
cleaning by residents or by caregivers in special nursing homes 
in Japan. Subsequently, oral health management (OHM) by oral 
health professionals was included as a service in the long-term 
care (LTC) insurance system of Japan, whereby dental hygienists 
provide dentist-supervised oral health care for residents of LTC 
facilities. OHM means that the nurse selects the resident, and 
the dental hygienist provides oral hygiene (hereafter professional 
OHM) at least twice a month and instructs the nursing staff for 
those who have given consent. This service does not include dental 
visits for dental treatment.

Since the study by Yoneyama et al4,5 was conducted approxi-
mately 20 years ago, the necessity for oral healthcare (OHC) pro-
vision is more crucial than before because of the increased number 
of older residents in LTC facilities, high demand for nursing care,6 
greater number of older adult patients with dementia,7 and most no-
tably, more teeth present in older individuals8,9 than was observed 
20  years ago. However, there have been no large-scale reports in 
Japan since the report by Yoneyama et al4,5 in 2002. Therefore, there 
is limited available information on the current status of professional 

OHM and its effects on the incidence reduction in pneumonia in res-
idents at LTC facilities.

Accordingly, we conducted a 1-year longitudinal multicentre 
study in Japanese LTC facilities to test the hypothesis that profes-
sional OHM by dental hygienists is associated with a lower incidence 
of pneumonia among residents of Japanese LTC insurance facilities, 
in which the number of older adults with many teeth and severe 
health care needs has increased.

2  | MATERIAL S AND METHODS

Thirty members of the Special Committee of the Japanese Society of 
Gerodontology conducted a workshop to discuss the concept of the 
prospective cohort study and define the evaluation criteria for the 
contents of the survey. The facilities to be surveyed were LTC insur-
ance facilities throughout Japan, which were visited by the Special 
Committee members of the Japanese Society of Gerodontology. The 
directors and staff of the LTC facilities were briefed about the study, 
and permission for study participation was obtained from the direc-
tors of 37 facilities situated throughout Japan. A baseline survey was 
conducted between October 2018 and February 2019. One year after 
the baseline survey, permission to conduct a follow-up survey was ob-
tained from the directors of 22 of the 37 facilities. Individuals receiving 
parenteral feeding and those who did not require professional OHM at 
the time of the baseline survey were excluded from this study.

This study was conducted in accordance with the ethical princi-
ples of the Declaration of Helsinki and was approved by the Ethics 

Materials and methods: A 1-year prospective multicentre cohort study was con-
ducted using data from 504 residents (63 men; mean age: 87.4 ± 7.8 years) in Japanese 
long-term care facilities. Basic information, medical history, willingness to engage in 
oral hygiene behaviour, need for OHM and oral conditions were investigated at base-
line. In addition, information on the occurrence of pneumonia was collected using a 
follow-up survey after one year. A Poisson regression analysis with robust standard 
errors was conducted, with pneumonia as the dependent variable, and factors associ-
ated with OHM and pneumonia occurrence as explanatory variables.
Results: Overall, 349 (69.2%) residents required OHM by dental hygienists during 
that year of follow-up. Of those, 238 (68.2%) were provided with OHM, and 18 (7.5%) 
developed pneumonia. Among the 111 patients (31.8%) who were not provided with 
OHM, 21 (18.9%) developed pneumonia. The OHM group had lower pneumonia rates 
than the non-OHM group (prevalence rate ratio: 0.374; 95% CI: 0.210-0.665).
Conclusion: Oral health management by dental hygienists was associated with a 
lower incidence of pneumonia among residents of long-term care facilities, underlin-
ing the importance of professional OHM for such individuals. It is recommended that 
OHM be practised routinely in long-term care facilities.

K E Y W O R D S

dental hygienists, long-term care, oral health, pneumonia
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Committee of the Japanese Society of Gerodontology (approval 
numbers 2018-1 and 2019-3). Written informed consent for partic-
ipation in the follow-up survey was obtained from participants or 
their proxies.

2.1 | Baseline surveys

2.1.1 | Questionnaire administration

Data on age, sex, body mass index (BMI), medical history (pneumo-
nia, including aspiration pneumonia, stroke, diabetes mellitus and 
respiratory disease (chronic obstructive pulmonary disease, asthma 
and other)), willingness to engage in oral hygiene behaviours and the 
provision of professional OHM by dental hygienists were obtained 
with the help of the facility staff using a structured questionnaire. 
Professional OHM by dental hygienists was indicated if the facil-
ity staff could not maintain optimal oral health of the residents. A 
facility nurse determined the need for dental hygienist-delivered 
professional OHM for residents based on the oral hygiene manage-
ment manual published by the Japanese Society of Gerodontology. 
Ultimately, professional OHM was provided by a dental hygienist 
if the individual or family consented to the procedure. Activities of 
Daily Living were assessed by a facility nurse using the Barthel Index 
(BI).10 Cognitive impairment was assessed by a trained specialist 
using the Clinical Dementia Rating (CDR) scale.11

2.1.2 | Assessment of oral conditions

The number of dentists and dental hygienists who visited each facil-
ity to conduct assessments varied according to the size of the facil-
ity. In total, 50 dentists and dental hygienist conducted assessments, 
ranging from three to ten per facility. They were trained in the evalu-
ation criteria and had no prior knowledge of the participants’ exist-
ing oral health status. During the survey, at least one researcher with 
survey experience always participated, to confirm that the standards 
were consistent. The dentists and dental hygienists who conducted 
the actual survey were not informed about the availability of oral 
health care for the residents. Only mouth mirrors and headlights 
were used to assess the oral conditions. The number of teeth pre-
sent was defined as the number of erupted teeth in the oral cavity, 
and those who had no teeth present were defined as edentulous. 
Residents who used a denture during meals were defined as pros-
thesis users.

The Oral Health Assessment Tool (OHAT) is a convenient oral 
screening tool for nurses and nursing staff to assess oral problems in 
people with disabilities and those in need of care.12 This study used 
the Japanese version of the OHAT (OHAT-J), which has been evalu-
ated for reliability and validity.13 The OHAT-J was administered by a 
dentist. In addition, the Tongue Coating Index (TCI), which assesses 
oral health status by the degree of attachment of the tongue coat 
based on a visual inspection,14 was used. Oral function was assessed 

using oral diadochokinesis, modified water swallow test and repeti-
tive saliva swallowing test.

2.2 | Follow-up questionnaire

Information on pertinent events during the observation period was 
obtained from the staff of each facility. These events included the 
incidence of pneumonia, hospitalisations (and causes), discharge 
from the facility and death.

2.3 | Statistical analysis

Descriptive characteristics of the study participants (Table 1) were 
compared according to their need for professional OHM. Based on 
the necessity for professional OHM as determined by the nurse, and 
consent provision by the participants or their families, participants 
requiring professional OHM were stratified into two groups (those 
not requiring oral hygiene management and those requiring oral hy-
giene management). Professional OHM was provided by a dental 
hygienist. Intergroup comparisons of the participant characteristics 
were conducted. Student's t test was used to assess differences in 
normally distributed continuous data, while the Mann-Whitney U 
test was used for non-normally distributed continuous data. Cross 
tabulations and chi-squared tests were used for categorical variables.

To investigate the factors associated with pneumonia incidence 
among study participants, the characteristics of the study groups 
were compared based on whether they had had pneumonia during 
the follow-up period. A multivariable Poisson regression analysis 
with robust standard errors was used to estimate the relative risk 
(RR) of having pneumonia during that period. The main exposure 
variable was professional OHM provision. Models were adjusted for 
variables reported to be associated with pneumonia, including age, 
sex, BI, BMI, CDR, stroke, diabetes and respiratory disease. To ex-
amine the possibility of multicollinearity, correlations between each 
factor were checked. As we collected data from multiple institu-
tions, we conducted a likelihood ratio test comparing the multilevel 
model with a single-level model containing the same predictors. As 
logistic regression might have overestimated the risk of association 
in a high incidence of outcomes,15 a Poisson regression model with 
robust standard errors was used.16 Statistical analyses used Stata 
version 16.1 (StataCorp, College Station) and SPSS Statistics version 
26 (IBM), with the significance level set at P < .05.

3  | RESULTS

Of 889 residents in 37 facilities surveyed at baseline, 525 from 
22 facilities (59.1%) participated in this follow-up study (Figure 1). 
Twenty-one residents who required parenteral feeding and 155 
who did not require OHM were excluded from the analysis data-
set. The final analysis dataset included data from 349 individuals 
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(82.2% women, mean age: 87.8 ± 7.9 years) who required profes-
sional OHM. Eighteen (7.5%) participants of the 238 (68.2%) who 
were provided professional OHM developed pneumonia, and of the 
111 participants who were not provided with professional OHM, 
21 (18.9%) developed pneumonia. In addition, of the 155 partici-
pants who did not require professional OHM, 22 (14.2%) developed 
pneumonia.

Table 1 lists the baseline characteristics of the study participants. 
The group that required professional OHM had a significantly lower 
BI score, BMI, proportion of participants willing to engage in oral 
hygiene care and OHAT-J scores than the participants in the group 
that did not require professional OHM.

Table 2 shows that 111 (31.8%) of the 349 residents were con-
sidered by the nurses to require OHM, but were not provided with 
professional OHM because they could not give consent. The partic-
ipants who received professional OHM had significantly lower rates 
of pneumonia and a lower TCI over the 1-year follow-up period than 
those who did not receive professional OHM.

Table  3 shows that among the 349 participants who required 
professional OHM, 39 (11.2%) had pneumonia during the follow-up 
period. Moreover, the participants who had pneumonia had a 

significantly lower BI, were less likely to receive professional OHM 
and had a higher TCI than the residents who did not have pneumonia.

Table  4 shows the outcome of the Poisson regression analysis 
used to assess the association between pneumonia incidence and 
professional OHM. The likelihood ratio test results comparing the 
multilevel model against a single-level model that contained the 
same predictors were not significant (P = .18); therefore, we used the 
single-level model. Provision of professional OHM resulted in signifi-
cantly lower RR for pneumonia incidence (0.37, 95% CI: 0.21-0.67). 
In addition, the number of teeth present was associated with pneu-
monia incidence (RR: 1.05, 95% CI: 1.01-1.08). There was no correla-
tion of r ≥ 0.6 between the factors.

4  | DISCUSSION

This study investigated the general and oral conditions, and provision 
of professional OHM, among residents of LTC facilities in Japan to ex-
amine the association between professional OHM and the incidence 
of pneumonia, and investigate the effectiveness of professional OHM 
provided by dental hygienists in preventing pneumonia. The incidence 

F I G U R E  1   Flow chart of study participants. A baseline survey of 889 residents of long-term care insurance facilities was conducted. 
For follow-up, 525 (59.0%) residents gave consent to participate. Of these, 21 (2.3%) participants receiving parenteral feeding at the time 
of the baseline survey were excluded. The remaining 504 (56.7%) participants were divided into groups based on their need for oral health 
management (OHM) by a dental hygienist. Of the 349 (69.2%) residents who needed OHM by a dental hygienist, 238 (68.2%) were provided 
the service, and 111(31.8%) were not provided the service. Among the 238 residents who were provided OHM by a dental hygienist, 18 
(7.5%) residents had pneumonia, and 220 (92.5%) residents did not during that year. Among the 111 residents who did not receive OHM by a 
dental hygienist, 21 (18.9%) residents had pneumonia, and 90 (81.1%) residents did not during that year

Not provided
n = 111 (31.8%)

Provided
n = 238 (68.2%)

2018 With requirements for 
Oral hygiene management

n = 349 (69.2%)

Participants 2018
37 Facilities, n = 889

Without participating
15 Facilities, n = 364 (41.0%)

2018 No requirements for 
Oral hygiene management

n = 155 (30.8%)

Participants 2018-2019
22 Facilities, n = 504 (56.7%)

(Residents n = 362 (71.8%), Excluded n = 142 (28.2%))

Rarenterral ingestion 
n = 21 (2.3%)

pneumonia
n = 21 (18.9%)

No pneumonia
n = 90 (81.1%)

No pneumonia
n = 220 (92.5%)

pneumonia
n = 18 (7.5%)

No pneumonia
n = 133 (85.8%)

pneumonia
n = 22 (14.2%)
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of pneumonia was significantly lower in residents who had received 
professional OHM than in those who had not.

Based on the effectiveness and current status of oral care,17-20 
the Japanese LTC insurance system accepted dental professional 
OHM as a nursing care service in 2009. Subsequently, the content of 
this nursing care service was revised in 2018 to provide direct pro-
fessional OHM at least twice a month to residents of LTC facilities 
and provide support for daily oral care, such as specific technical ad-
vice and guidance to the nursing staff. Thus, under the professional 
OHM service outlined by the Japanese LTC insurance system, dental 
hygienists need to perform direct professional OHM and promote 
the provision of professional OHM by LTC facility staff. However, 
this is the first study to evaluate the implementation and efficacy of 
these guidelines.

An interventional study by Yoneyama et al4,5 verified the efficacy 
of oral care in preventing pneumonia. Since then, nurses and care-
givers have widely provided oral care to patients in LTC facilities. As 
it is ethically challenging to conduct new interventional studies on 
oral care practices in such settings, this research was conducted as 
an observational study.

In a similar study conducted 20 years ago, the participants 
had fewer teeth present than the participants in our study, and 

they were younger and performed more ADLs.3,4,21 However, 
the participants in our study were similar to Japanese LTC res-
idents in the last 10  years, in terms of their ADLs, incidence 
of dementia, number of teeth present and incidence of pneu-
monia.22-24 The nursing care requirements of individuals in LTC 
facilities in Japan are increasing, the implementation of oral 
care is more difficult, and there is a higher risk of pneumonia. 
In contrast with previous studies with LTC facilities in Japan,25 
the incidence of pneumonia was lower in this study. Thus, con-
sidering residents' current status, the care provided for pneu-
monia prevention appears to be improving. However, expected 
changes in oral health, caused by factors such as an increase 
in the number of teeth and the number of people unwilling to 
receive or perform their oral hygiene due to the greater number 
of people with severe dementia, indicate that the provision of 
professional OHM must be increased among LTC residents. As 
indicated by the findings of our study, it is necessary to identify 
individuals who require professional OHM so as to intervene 
appropriately to prevent pneumonia from occurring in LTC fa-
cilities. Efforts should be made to ensure measures to prevent 
dental caries and periodontal diseases, and promote profes-
sional OHM, for such individuals are taken.

TA B L E  2   Intragroup comparison by the requirement of oral health management according to the provision of oral health management

Variables

With requirements for oral hygiene management (N = 349)

P-value

Not provided (N = 111) Provided (N = 238)

Mean ± SD/N 
(%) Median, [Q1, Q3] Mean ± SD/N (%) Median [Q1, Q3]

Age, years 88.7 ± 7.5 89.0 [85.0, 94.0] 87.4 ± 8.0 88.0 [82.0, 93.0] .135

Sex (female), N (%) 92 (82.9) 195 (81.9) .881

Barthel Index 29.4 ± 28.1 20.0 [5.0, 50.0] 28.0 ± 22.9 25.0 [5.0, 45.0] .927

Body mass index 20.4 ± 3.1 20.2 [18.1, 22.4] 20.2 ± 3.5 19.8 [17.8, 22.3] .628

Clinical dementia rating 2.2 ± 0.8 2.0 [2.0, 3.0] 2.1 ± 0.9 2.0 [1.0, 3.0] .537

0, 0.5 4 (3.9) 25 (10.5)

1 20 (19.4) 36 (15.1) .207

2 29 (28.2) 65 (27.3)

3 50 (48.5) 112 (47.1)

Onset of pneumonia/1 year, N (%) 21 (18.9) 18 (7.6) .003

Oral conditions

Willingness for oral hygiene, N (%) 59 (53.2) 112 (47.1) .303

Oral Health Assessment Tool-J Score 2.8 ± 2.2 2.0 [1.0, 4.0] 2.8 ± 2.4 2.0 [1.0, 4.0] .547

Tongue Coating Index 27 ± 25.4 22.2 [0.0, 44.4] 17.9 ± 20.6 11.1 [0.0, 27.8] .002

Number of teeth present 7.6 ± 9.0 3.0 [0.0, 14.5] 7.9 ± 8.9 5.0 [0.0, 14.5] .791

Edentulous, N (%) 39 (35.5) 87 (36.7) .905

Prosthesis use, N (%) 57 (51.4) 124 (52.1) .909

Medical history

Stroke, N (%) 39 (35.1) 96 (40.3) .409

Diabetes mellitus, N (%) 14 (12.6) 45 (18.9) .168

Respiratory diseasea, N (%) 17 (15.3) 39 (16.4) .876

Note: Q1, first quartile; Q3, third quartile; SD, standard deviation.
aRespiratory disease: chronic obstructive pulmonary disease, asthma, other (without pneumonia).
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Study participants who required professional OHM were older, 
had higher professional OHM intervention rates, and lower OHAT-J 
and TCI scores than those who did not require professional OHM. In 

addition, just over two-thirds of the residents who required profes-
sional OHM had already undergone professional OHM by a dental 
hygienist, which is likely to have resulted in their lower OHAT and 

TA B L E  3   Intragroup comparison by the requirement for oral health management according to the occurrence of pneumonia

Variable

With requirements for oral hygiene management (N = 349)

Non-pneumonia (N = 310) Pneumonia (N = 39)

P-valueMean ± SD/N (%) Median, [Q1, Q3] Mean ± SD/N (%) Median [Q1, Q3]

Age, years 87.8 ± 8.1 88.0 [83.0, 93.3] 88.1 ± 6.5 87.0 [84.0, 94.0] .801

Sex (female), N (%) 258 (83.2) 29 (74.4) .184

Barthel Index 29.3 ± 24.6 50.0 [25.0, 45.0] 21.5 ± 23.9 10.0 [0.0, 40.0] 0.035

Body mass index 20.3 ± 3.4 19.9 [18.0, 22.3] 19.7 ± 2.9 19.5 [17.2, 21.6] .346

Clinical dementia rating 2.2 ± 0.9 2.0 [1.0, 3.0] 2.3 ± 0.9 3.0 [1.8, 3.0] .304

0, 0.5 26 (8.6) 3 (7.9) .513

1 50 (16.5) 6 (15.8)

2 87 (28.7) 7 (18.4)

3 140 (46.2) 22 (57.9)

Oral conditions

Oral hygiene management, N (%) 220 (71.0) 18 (46.2) .003

Willingness for oral hygiene, N (%) 149 (48.1) 22 (56.4) .671

Oral Health Assessment Tool-J Score 2.8 ± 2.3 2.0 [1.0, 4.0] 2.7 ± 2.3 2.0 [1.0, 4.0] .547

Tongue Coating Index 20.1±22.5 11.1 [0.0, 33.3] 26.4±22.3 22.2 [5.6, 50.0] .002

Number of teeth present 8.7 ± 9.1 6.0 [0.0, 17.0] 9.8 ± 9.3 7.0 [0.0, 17.5] .297

Edentulous, N (%) 117 (38.0) 9 (23.1) .078

Prosthesis use, N (%) 165 (53.2) 16 (41.0) .671

Medical history

Stroke, N (%) 122 (39.4) 13 (33.3) .492

Diabetes mellitus, N (%) 56 (18.1) 3 (7.7) .117

Respiratory diseasea, N (%) 51 (16.5) 5 (12.8) .651

Note: P < .05 was considered statistically significant. Q1, first quartile; Q3, third quartile; SD, standard deviation.
aRespiratory disease: chronic obstructive pulmonary disease, asthma, other (without pneumonia)

RR 95% CI P-value

Age 1.012 0.972 - 1.053 .569

Sex (0: male, 1: female) 0.674 0.358 - 1.270 .223

Barthel Index 0.988 0.973 - 1.003 .120

Body mass index 0.955 0.861- 1.059 .383

Clinical dementia rating

0, 0.5 Reference

1 0.704 0.206-2.401 .575

2 0.516 0.137-1.942 .328

3 0.604 0.183-1.988 .406

Diabetes mellitus (0: no, 1: yes) 0.451 0.148-1.370 .160

Number of teeth present 1.045 1.012-1.079 .007

Oral hygiene management (0: no, 1: yes) 0.374 0.210-0.665 .001

Abbreviations: CI, confidence interval; RR, relative risk.

TA B L E  4   Effect of oral hygiene 
management on incident pneumonia in 
Poisson regression analysis with robust 
standard errors
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TCI scores. Participants who required professional OHM also had 
a lower BI, BMI and willingness to receive or perform their oral hy-
giene than the group that did not require professional OHM. Thus, 
the need for professional OHM by dental hygienists was assessed 
by nurses, suggesting that this assessment was generally accurate. 
We also wanted to examine the association between OHAT (which 
is often used by non-dental professionals in the assessment of the 
oral cavity) and pneumonia, as well as to identify oral risk factors for 
pneumonia. However, no association was found between OHAT and 
pneumonia incidence; therefore, screening for pneumonia risk needs 
further investigation.

There was no difference in the general characteristics (BI, BMI, 
CDR, etc) of the participants who did or did not receive profes-
sional OHM. However, the incidence of pneumonia among pa-
tients who received professional OHM was significantly lower, 
as was the TCI, used to evaluate oral hygiene status. An associa-
tion between bacterial counts on the tongue and pneumonia has 
been reported previously,26 and one of our previous studies found 
that oral care reduces the bacterial count on the tongue.27 In this 
study, we observed that participants who received professional 
OHM potentially had lower oral bacterial counts (indicated by a 
lower TCI), which may have resulted in the reduced incidence of 
pneumonia. Furthermore, we hypothesise that the development 
of the tongue coat is associated with a reduction in oral function,28 
and that the approach to oral function is an important factor in 
oral health. Professional OHM includes not only oral care aimed 
at removing oral deposits with an emphasis on oral hygiene but 
also oral care with an emphasis on functional aspects. Therefore, 
the provision of professional OHM by dental hygienists may have 
resulted in enhanced oral function and a reduction in the amount 
of attachment of the tongue coat.

The Japanese nationwide provision rate of professional OHM 
by nursing care services (8.92% in October 2018)29 differs greatly 
from the provision rate identified among the 504 participants in this 
study (47.2%). This may be because the participating facilities were 
members of the Japanese Society of Gerodontology. To reduce the 
impact of this bias, we sought the participation of as many residents 
as possible and achieved a larger sample size than in previous stud-
ies. Furthermore, although the participants were comparable to res-
idents of a typical LTC insurance facility, the results of this study 
should be interpreted with caution.

Unlike other smaller studies, this study collected data (in-
cluding oral examination data) from more than 500 of older adult 
LTC residents from 22 LTC facilities across 14 regions in Japan. 
In multicentre studies, differences in institutional policies and 
staff awareness can be a source of bias. However, the results of 
this study may have been less affected by this bias, as the find-
ings of likelihood ratio tests comparing single-level models, which 
included the same predictors as multilevel models, were not 
significant.

It should be noted that the results do not include data from all 
residents of the 22 LTC facilities. Residents who did not consent 
to participate or were at high risk for aspiration pneumonia were 

excluded. Residents who required parenteral feeding were also 
excluded on the basis that the need for professional OHM for this 
group is primarily to manage their oral hygiene rather than main-
tain and improve oral function, and in turn, ability to consume food 
orally. The main objective of professional OHM for residents re-
ceiving parenteral feeding was to manage oral hygiene. However, 
one of the main objectives of professional OHM for oral consum-
ers is to maintain and improve oral function in order to maintain 
oral intake. In other words, because of the different purposes of 
OHM, we excluded residents receiving parenteral feeding from 
our analyses. Although the relationship between denture wearing 
during sleep and pneumonia has been reported previously,30 den-
tures are generally removed at bedtime in LTC insurance facilities 
in Japan. As there were no participants who wore dentures in this 
study, we could not examine the relationship between denture 
wearing at night and the incidence of pneumonia. Furthermore, 
the need for professional OHM was determined by the nurse at 
each facility. This assessment may be influenced by facility envi-
ronments and staff professional OHM competencies. It is possible 
that the criteria for determining the need for professional OHM 
were not consistently applied across all facilities. In the future, 
we recommend standardisation of the assessment criteria for 
persons requiring professional OHM. Moreover, the services pro-
vided for residents professional OHM are highly individualised, 
provided according to the conditions of the resident and at the 
discretion of the dental hygienist who provides the service. To 
further inform the provision of OHM in LTC facilities, studies with 
medication data, dental visits, other healthcare and nursing care 
services related to pneumonia prevention, and the details of ser-
vices such as the type, time, and frequency of care, are needed.

5  | CONCLUSION

Professional OHM for Japanese-insured LTC residents was associ-
ated with a lower incidence of pneumonia. The findings of this study 
suggest that the provision of professional OHM may help reduce the 
incidence of pneumonia.
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APPENDIX 1

Characteristics of study participants and comparison between those who required oral hygiene management and other groups

Variables

Other (N = 540)
With requirements for Oral hygiene 
management (N = 349)

P-valueMean ± SD/N (%) Median, [Q1, Q3] Mean ± SD/N (%) Median, [Q1, Q3]

Age, years 86.3 ± 7.8 87.0, [82.0, 92.0] 87.8 ± 7.9 88.0, [83.0, 93.5] .003

Sex (female) 124 (80.0) 287 (82.2) .074

Barthel Index 31.1 ± 27.1 30.0, [5.0, 50.0] 28.4 ± 24.6 25.0, [5.0, 45.0] .336

Body mass index 20.5 ± 3.7 20.3, [17.6, 22.7] 20.2 ± 3.4 19.9, [17.9, 22.3] .373

Clinical dementia rating

0, 0.5 50 (9.4) 29 (8.5) .426

1 98 (18.4) 56 (16.4)

2 130 (24.4) 94 (27.6)

3 255 (48.8) 162 (47.5)

Oral conditions

Oral hygiene management, N (%) 91 (16.9) 238 (68.2) <.001

Willingness for oral hygiene, N (%) 255 (47.3) 171 (49.0) .623

Oral Health Assessment Tool-J Score 3.3 ± 2.3 3.0, [2.0, 5.0] 2.8 ± 2.3 2.0, [1.0, 4.0] <.001

Tongue Coating Index 25.0 ± 24.3 16.7, [0.0, 38.9] 20.8 ± 22.6 11.1, [0.0, 33.3] .010

Number of teeth present 10.1 ± 9.4 8.0, [0.0, 18.0] 9.4±8.9 7.0, [0.0, 17.0] .349

Edentulous, N (%) 176 (33.2) 126 (36.3) .344

Prosthesis use, N (%) 257 (48.5) 181 (51.9) .252

Medical history

Stroke, N (%) 198 (36.9) 135 (38.7) .587

Diabetes mellitus, N (%) 94 (17.5) 59 (16.9) .818

Respiratory diseasea, N (%) 69 (12.9) 56 (16.0) .182

Note: P < .05 was considered statistically significant. Q1, first quartile; Q3, third quartile; SD, standard deviationa Respiratory disease: 
chronic obstructive pulmonary disease, asthma, other (without pneumonia)
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