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Abstract
OBJECTIVES: In this study, we examined the factors influencing the 
presence or absence of dental intervention in patients with pneumonia 
in an acute-care hospital, focusing on oral intake and its status.
DESIGN: Observational study.
SETTING: Teikyo University School of Medicine, Mizonokuchi 
Hospital.
PARTICIPANTS: Patients ≥65 years of age who were admitted to 
the Teikyo University School of Medicine, Mizonokuchi Hospital 
between January 1, 2018 and December 31, 2019 with pneumonia 
who were referred to the Department of Rehabilitation with suspected 
dysphagia were included in the study. Fifty patients who underwent 
dental intervention were compared with 50 controls who had received 
no dental interventions prior to the opening of the dental department.
MEASUREMENTS: Time series matching was retrospectively 
performed using the Oral Health Assessment Tool (OHAT). From 
the medical records, age at admission, sex, pneumonia severity 
classification (age, dehydration, respiratory failure, orientation 
disturbance, and blood pressure [A-DROP] score), body mass index, 
Charlson’s Comorbidity Index, OHAT, functional oral intake scale 
(FOIS) score at admission and discharge, and the length of hospital 
stay were retrieved; FOIS level ≥4 was defined as established oral 
intake. 
RESULTS: The number of patients in the control group before 
matching was 179. Twelve patients with missing information and 
seven patients who died in the hospital were excluded from this 
study. Multivariable logistic regression analysis showed that dental 
intervention (odds ratio 3.0, p = 0.014) was associated with the 
establishment of oral intake at discharge. Multiple logistic regression 
analysis showed that dental intervention was a significant factor for 
FOIS at discharge (p = 0.002) and the length of hospital stay (p = 
0.039).
CONCLUSION: Oral management with dental intervention was 
associated with establishing oral intake and reducing hospital stay 
in patients with pneumonia, regardless of pneumonia severity or 
comorbidities.

Key words: Acute hospital inpatients, dental intervention, oral intake, 
dysphagia, hospital stay. 

Introduction

The oral condition is related to swallowing function 
and oral intake. A study investigating factors affecting 
oral intake in acute-care hospital inpatients aged ≥40 

years reported that level of consciousness, activities of daily 

living (ADL), and oral hygiene are associated with feeding 
status (1). There are multiple causes of dysphagia, including 
poor oral hygiene and organic and functional problems of the 
oral region (2). Furthermore, there is an association between 
the swallowing muscles and trunk muscles in the elderly (3). 
Since aspiration pneumonia leads to atrophy of the skeletal 
and swallowing muscles (4), hospitalization may worsen oral 
conditions and cause deterioration of oral and swallowing 
function.  

In a study on hospital inpatients with cancer, appropriate 
preoperative oral management by dentists significantly reduced 
the risk of developing postoperative pneumonia and was also 
related to all-cause 30-day mortality (5). Additionally, oral 
management by dental hygienists affected the patients’ ADL, 
home discharge rates, and survival rates at a convalescent 
hospital (6). Thus, dental interventions (oral management) 
during hospitalization may not only improve oral hygiene 
but also its therapeutic effect. Further, to establish safe oral 
intake for inpatients, evaluation of the general condition and 
swallowing function, “oral management,” appropriate oral 
evaluation, and nutritional management are indispensable. 

However, most studies to date have focused on the 
relationship between current oral conditions, swallowing 
function, and diet form. It remains unclear whether dental 
interventions during hospitalization influence oral intake in 
elderly patients with pneumonia. Furthermore, there is 
inadequate evidence regarding the need for dental intervention 
in dysphagia rehabilitation. Therefore, in this study, we 
investigated the factors influencing the presence or absence of 
dental intervention in patients with pneumonia in an acute-care 
hospital, focusing on its relationship with oral intake status.

Materials and Methods

Participants

This was a human observational study, and the manuscript 
conforms to the STROBE guidelines. The study protocol 
was approved by the Institutional Review Board of Teikyo 
University School of Medicine, Mizonokuchi Hospital 
(Approval ID: 20-006) and meets the guidelines of our 
responsible governmental agency. We explained the purpose 
of this study to the participants or their delegates and obtained 
their written informed consent before their participation. The 
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study was conducted ethically in accordance with the World 
Medical Association Declaration of Helsinki.

Patients aged ≥65 years who were admitted to Mizonokuchi 
Hospital with pneumonia between January 1, 2018 and 
December 31, 2019 who were referred to the Department 
of Rehabilitation for suspected dysphagia were included in 
this study. All patients provided informed consent prior to 
enrollment in this study. Patients who did not provide informed 
consent, those with missing information, and those who died 
while in the hospital were excluded from the study. 

Data collection

Patients’ age, sex, pneumonia severity classification (age, 
dehydration, respiratory failure, orientation disturbance, and 
blood pressure [A-DROP] score), body mass index (BMI), 
Charlson’s Comorbidity Index (CCI) score, oral health 
assessment tool (OHAT) score, functional oral intake scale 
(FOIS) score at admission and discharge, Barthel Index score 
at admission, number of days to rehabilitation and dental 
intervention, number of dental interventions, and length of 
hospital stay after admission were obtained from medical 
records.

A-DROP 

The A-DROP scoring system is an assessment tool that is 
used to assess the severity of community-acquired pneumonia 
(CAP) proposed by the Japanese Respiratory Society (7). Age 
(≥70 years for men and ≥75 years for women), dehydration 
(blood urea nitrogen ≥21 mg/ml or with dehydration), 
respiration (SpO2 ≤90%), orientation disturbance of 
consciousness, and systolic blood pressure (systolic blood 
pressure ≤90 mmHg) are assessed using a 6-point scale 
(minimum score 0 to maximum score 5). The A-DROP score 
is a modified version of the CURB-65 proposed by the British 
Thoracic Society. A study, which included 371 hospitalized 
patients with pneumonia validated the A-DROP score against 
the CURB-65 score for predicting pneumonia severity (8). The 
total score for all items was calculated. 

FOIS 

The FOIS score is a measure of patients’ oral intake (9). It 
is rated on a 7-point scale and ranges from level 1 (“nothing 
by mouth”) to level 7 (“total oral diet with no restrictions”). 
Established oral intake was defined as an FOIS level of 4 (“total 
oral diet of a single consistency”) or higher at discharge.

OHAT 

Oral hygiene was assessed at the time of admission and was 
evaluated on a scale of 0=healthy, 1=oral changes, 2=unhealthy 
for eight items: lips, tongue, gums and tissues, saliva, natural 
teeth, dentures, oral cleanliness, and dental pain (10). The total 
score of all items was calculated. 

Oral management status

The definition of oral management in this study is to 
perform oral hygiene and oral function management to prevent 
aspiration pneumonia and establish oral intake. The dentists 
performed an oral assessment and dental treatment. Treatment 
included prosthodontics, extractions, and procedures for oral 
mucosal disease, depending on the patient’s oral condition, 
general condition, and urgency. Furthermore, a diet form was 
suggested based on the patient’s oral condition. Oral care 
was performed by a skilled dental hygienist. The dentists 
had specialized knowledge about dysphagia and nutritional 
management, and the dental hygienist also had specialized 
knowledge about oral care to hospital inpatients. The frequency 
of dental interventions was adjusted from one to five times a 
week, depending on the patient’s OHAT score and condition. 
Oral care took approximately 15-20 minutes and included 
brushing and dental scaling by the bed or in a wheelchair.

Data analysis

Fifty participants who received dental interventions for oral 
management after the opening of the Dental Department in 
April 2019 (dental intervention group) were retrospectively 
time-series matched 1:1 using the OHAT, with 50 participants 
who received no dental interventions before April 2019 as the 
control group. Among the eligible patients enrolled in the study, 
individuals in the control group who were admitted between 
April 1, 2018 and March 31, 2019 were arranged according to 
their order of admission. Similarly, patients who received dental 
intervention after April 2019 were also arranged according 
to their order of admission. We performed 1:1 pair matching 
of patients who received dental intervention and those in the 
control group with the same OHAT score, in chronological 
order from the oldest date of admission. 

In this study, we considered the OHAT score as the 
largest confounding factor. Since high OHAT scores require 
intervention by dental professionals, the OHAT score is a very 
large confounding factor by indication. As this variable could 
not be adjusted for in the multivariate analysis, we decided 
to match cases based on the OHAT score. Furthermore, there 
were other potential confounding factors as well; however, 
matching all of these would have greatly decreased the sample 
size, which, in turn, would have resulted in a loss of statistical 
power. Moreover, we expected that the influence of the other 
confounding factors would be considerably reduced if OHAT 
was matched; thus, we decided to adjust for the remaining 
confounding factors in the multivariate analysis.

We first analyzed participant characteristics and outcomes 
at discharge. Age, sex ratio, A-DROP score, FOIS score at 
admission, FOIS score at discharge, OHAT, BMI, Barthel 
Index, CCI, number of days to rehabilitation intervention, oral 
intake independence, and length of hospital stay of patients 
in the dental intervention group were compared with those of 
controls using the Mann-Whitney U test.

We subsequently examined factors affecting established oral 
intake. Multivariable logistic regression analysis was performed 
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with the presence or absence of established oral intake as the 
dependent variable to determine whether dental intervention 
was independently associated with oral intake. Additionally, 
multiple logistic regression analysis was performed using 
the FOIS score at discharge and the length of hospital stay as 
dependent variables to determine whether dental intervention 
was independently associated. We included propensity scores 
as explanatory variables in the multivariate analysis to reduce 
the number of variables included in the statistical models 
and to avoid overfitting (11). Propensity scores for dental 
intervention were calculated using logistic regression analysis, 
including baseline covariates, age, sex, A-DROP score, FOIS 
at admission, BMI, Barthel index at admission, and CCI as 
independent variables. 

We also performed a post hoc power analysis to ascertain 
the statistical validity of our sample size. Data were analyzed 
with SPSS version 25.0 (IBM Inc., Tokyo, Japan). The level of 
significance for all analyses was set at p < 0.05.

Results

Post hoc power analysis of propensity score-matched pairs 
for the total oral intake at discharge (an alpha value equal 
to 0.05, Effect size w of 0.70, and total sample size of 100) 
demonstrated an observed power of 99.8%.

Participant characteristics and outcomes

The participants’ characteristics and outcomes before and 
after matching are shown in Table 1. The number of patients 
in the control group before matching was 179. Twelve patients 
with missing information and seven patients who died in the 
hospital were excluded from this study. None of the patients 
required tracheotomy or gastrostomy. The results showed that 
the significant items between the control and dental intervention 
groups before matching were A-DROP score at admission (2 
and 3, respectively; p = 0.001), OHAT score at consultation 

Table 1. Patient characteristics and outcomes
Before matching After matching

Control group 
(n = 179)

Dental intervention 
group (n = 50)

P-value Control group 
(n = 50)

Dental intervention 
group (n = 50)

P-value

Age in years, mean (SD) 85.1 (7.1) 84.6 (8.4) 0.683 84.0 (7.2) 84.6 (8.4) 0.686

Males, n (%) 86 (48.0) 28 (56.0) 0.320 31 (62.0) 28 (56.0) 0.684

A-DROP at admission, median (IQR) 2 (2-3) 3 (2-3) 0.001* 3 (2-4) 3 (2-3) 0.522

FOIS at admission, n (%)

1 140 (78.2) 38 (76.0) 0.227 39 (78.0) 38 (76.0) 0.815

2 5 (2.8) 4 (8.0) 5 (10.0) 4 (8.0)

3 21 (11.7) 8 (16.0) 6 (12.0) 8 (16.0)

4 6 (3.4) 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0

OHAT at consultation, median (IQR) 3 (2-4) 7 (4-10) <0.001* 7 (4-10)  7 (4-10) 1.000

BMI at admission, mean (SD) 17.8 (3.1) 19.1 (2.9) 0.010* 18.3 (2.9) 19.1 (2.9) 0.171

Barthel index at admission, median (IQR) 0 (0-0) 0 (0-0) 0.819  0 (0-0)  0 (0-0) 0.396

CCI at admission, median (IQR) 2 (1-3) 1.5 (0-2) 0.001* 2 (1-3) 1.5 (0-2) 0.042†

Number of days to rehabilitation intervention, median (IQR) 3 (1-7) 2 (1-7) 0.351 3 (2-9) 2 (1-7) 0.097

Number of days to dental intervention, median (IQR) 4 (3-8)  4 (3-8)

Number of times of dental intervention, median (IQR) 4 (1-7)  4 (1-7)

Total oral intake at discharge, n (%) 90 (50.3) 27 (54.0) 0.642 12 (24.0) 27 (54.0) 0.004†

FOIS at discharge, n (%)

 1 52 (31.1) 19 (38.0) 0.009* 23 (46.0) 19 (38.0) <0.001†

 2 25 (15.0) 2 (4.0) 11 (22.0) 2 (4.0)

 3 19 (11.4) 2 (4.0) 11 (22.0) 2 (4.0)

 4 34 (20.4) 5 (10.0) 3 (6.0) 5 (10.0)

 5 24 (14.4) 16 (32.0) 2 (4.0) 16 (32.0)

 6 11 (6.6) 4 (8.0) 0 0 4 (8.0)

 7 2 (1.2) 2 (4.0) 0 0 2 (4.0)

Length of hospital stay, median (IQR) 30 (19-48) 26 (22-40) 0.150 31 (26-67) 26 (22-40) 0.034†

IQR, interquartile range; A-DROP, age, dehydration, respiratory failure, orientation disturbance, and blood pressure score; OHAT, Oral Health Assessment Tool; FOIS, functional oral 
intake scale; BMI, body mass index; CCI, Charlson’s Comorbidity Index; *p < 0.05, compared with the control group before matching; †p < 0.05, compared with the control group after 
matching
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(3 and 7, respectively; p < 0.001), BMI at admission (17.8 
and 19.1, respectively; p = 0.01), CCI at admission (2 and 
1.5, respectively; p = 0.001), and FOIS level at discharge (p 
= 0.009). Significant items between the control and dental 
intervention groups after matching were the FOIS level at 
discharge (2.0 and 3.3, respectively; p < 0.001), establishment 
of oral intake (12 and 27, respectively; p = 0.004), length of 
hospital stay (31 and 26, respectively; p = 0.034), and the CCI 
(2 and 1.5, respectively; p = 0.042). There was no significant 
difference in the number of days to rehabilitation between the 
control and dental intervention group before and after matching. 
The median (IQR) of number of days to dental intervention 
was 4 (3-8). The median (IQR) of number of times of dental 
intervention was 4 (1-7).

Factors affecting the establishment of oral intake

Multiple logistic regression analysis showed that dental 
intervention (odds ratio 3.0, p = 0.014) was a significant factor 
for establishing oral intake (Table 2).

Factors affecting the FOIS score at discharge and 
the length of hospital stay

Multiple regression analysis showed that dental intervention 
was a significant factor for determining the FOIS level at 
discharge (p = 0.002) (Table 3) and the duration of hospital stay 
(p = 0.039) (Table 4). Dental intervention was found to have an 
influence on both the FOIS score at discharge and the length of 
hospital stay.

Discussion

Our results revealed significant differences in the FOIS level, 
establishment of oral intake, and the length of hospital stay at 

discharge between the dental intervention group and the control 
group. It was also observed that dental intervention influenced 
the establishment of oral intake and the length of hospital 
stay. Dysphagia rehabilitation has proven to be effective 
in promoting oral intake in elderly patients with aspiration 
pneumonia (12). However, it remains unclear whether dental 
interventions affect oral intake. This study provides new 
evidence regarding the association between oral management 
and oral intake.

Effect of oral management on oral intake

Oral management includes not only oral hygiene 
management but also appropriate assessment of oral function 
and necessary treatment for each patient. Nurses provide daily 
oral care to patients who have difficulty in performing oral 
care on their own. However, they may not be able to provide 
adequate oral care due to time or technical problems. Thus, 
the involvement of dentistry will enable an early response to 
oral problems and improve the efficiency of oral management. 
Oral hygiene and remaining teeth condition in elderly 
hospitalized patients are also associated with nutritional status 
and comorbidities (13). Furthermore, poor oral health is related 
to sarcopenia, malnutrition, and low ADL (14). Therefore, it 
is desirable to perform oral management as part of managing 
swallowing function, nutritional status, and general condition. 

As for the relationship between oral intake and length 
of hospital stay, a study of elderly patients with pneumonia 
reported that the early initiation of oral intake shortened the 
length of hospital stay (15). Additionally, patients with oral 
problems in convalescent hospitals had a longer hospital stay 
and higher in-hospital mortality rates than patients without oral 
problems (16). In order to initiate oral intake at an early stage, 
it is essential to maintain a good oral environment. In this study, 
the median time from hospitalization to dental intervention 
was 4 days, and oral management could be started relatively 

Table 2. Multivariable logistic regression analysis for total oral intake at discharge
Odds Ratio 95% CI P-value

Dental intervention group 3.0 1.3-7.4 0.014*
Propensity score 8.6 0.2-14.6 0.044
CI, confidence interval; *p < 0.05

Table 3. Multiple linear regression analysis for functional oral intake scale at discharge
Coefficient 95% CI P-value

Dental intervention group 1.10 0.42-1.76 0.002*
Propensity score 3.44 0.98-5.91 0.042*
CI, confidence interval; *p<0.05

Table 4. Multiple linear regression analysis for length of hospital stay
Coefficient 95% CI P-value

Dental intervention group -6.7 -13.2- -1.3 0.039*
Propensity score -25.2 -54.9-4.4 0.095
CI, confidence interval; *p<0.05
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early. Elderly patients with aspiration pneumonia are prone 
to have poor oral hygiene, even if they are not eating orally. 
Furthermore, it has been reported in a study of patients in the 
acute phase that oral motor exercise in addition to usual oral 
care increased saliva flow compared to the usual oral care only 
group, as well as establishing oral intake at an early stage (17). 
Oral management immediately after the onset of pneumonia 
may have contributed not only to the prevention of pneumonia 
but also to functional approaches, such as prevention of disuse 
to establish oral intake. 

Moreover, when oral intake cannot be established, successful 
rehabilitation would be difficult, and it would be required to 
consider alternative nutritional routes. In particular, for patients 
in acute care hospitals, the status of oral intake influences the 
subsequent treatment plan and prolongs the length of hospital 
stay. Therefore, it is considered that oral management from the 
early stage of hospitalization enables the early initiation of oral 
intake, and the establishment of oral intake shortens the length 
of hospital stay.

Effect of dental intervention with a team approach

Various effects of multidisciplinary interventions on 
inpatients have been reported previously. For example, in a 
study on patients with esophageal cancer, it has been reported 
that during the perioperative period, a multidisciplinary team 
approach consisting of a physician, dentist, dental hygienist, 
and therapist is effective for early ambulation, early initiation 
of oral intake, and in shortening the length of hospital stay 
(18). Similarly, in patients with acute stroke, multidisciplinary 
dysphagia rehabilitation, including intervention by dentists and 
dental hygienists, reduced the rates of pneumonia. Moreover, 
the frequency of oral management and swallowing function 
assessment by dentists was reportedly increased (19). In 
contrast, only a few studies have verified the outcome of each 
team member’s role for patients.

In this study, a speech-language therapist performed 
swallowing rehabilitation in both groups with and without 
dental intervention. One of the reasons for the significant 
increase in oral intake in the dental intervention group was 
that the dentist who performed the oral management had 
specialized knowledge in dysphagia rehabilitation and was 
able to provide advice on diet form based on the oral status 
and swallowing function. In dysphagia rehabilitation, it is 
also necessary to evaluate oral functions involving food 
transport and mastication. Therefore, an approach from the 
perspective of dentistry may be beneficial in some cases. In 
a team approach to establish oral intake, the involvement of 
dentistry and the provision of information on oral status to other 
professions can clarify problems related to swallowing and how 
to deal with them. It is highly significant for both patients and 
medical professionals to provide dental intervention during 
hospitalization.

Limitations

In this study, we only assessed the presence or absence of 
dental intervention on the outcomes. Since dental treatment 
by dentists and oral care by dental hygienist were sometimes 
performed simultaneously, the number of interventions by 
the dentist and dental hygienist, respectively, was not counted 
accurately. The procedures mainly consisted of oral care by 
a dental hygienist; however, necessary procedures, such as 
extractions and denture adjustments, were also performed. In 
addition, Oral care was performed by a single hygienist, and the 
procedures and intervention times were not prescribed; rather, 
they were adapted to each patient’s requirement. Therefore, 
there is a need to prescribe the frequency of intervention for 
the dentist and the dental hygienist and to determine which 
procedures are effective in establishing oral intake. 

As for the FOIS, a diet form is assessed at level ≥4. It must 
also be considered whether chewing function is maintained. 
In acute-care hospitals, denture problems, such as ill-fitting 
dentures or not owning dentures, are a major factor for high 
OHAT scores at discharge. Additionally, the shortage of time 
makes it difficult to perform large-scale dental treatments, such 
as fabricating new dentures during hospitalization (20). In our 
study, due to the limited recovery of chewing function, it was 
considered that the FOIS level did not improve after dental 
intervention, which may have affected the FOIS at discharge. 
Future studies are required to investigate the relationship 
between functional recovery and oral intake through long-term 
oral management from admission to post-discharge. Apart from 
the patient’s condition, social factors might have also influenced 
the adjustment of hospital transfer and discharge, and further 
investigations are required to determine the length of hospital 
stay.

Conclusion
In acute-care hospitals, dental intervention for patients with 

pneumonia has been associated with the establishment of oral 
intake and reduced length of hospital stay. This study suggests 
the effectiveness and importance of early oral management. 
A multidisciplinary team approach is effective in dysphagia 
rehabilitation, and dental intervention and oral management 
may enhance the effectiveness of rehabilitation. However, it 
is important that the dental intervention is adaptable and is 
appropriate for the patients’ oral intake goals and their condition 
during hospitalization.
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