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Background: Our facility’s dental team consists of a full-time dentists and dental hygienists who work exclusively in the wards to 
implement best practices in oral healthcare. We executed the dental care system (DCS) that includes lectures and practical training for 
nurses conducted by dentists and dental hygienists, the introduction to oral assessment, standardization of oral care procedures, a 
process for nurses to request the dental team, and early bedside oral screening conducted by the dental team. This study investigated 
the DCS’s effects on the incidence of stroke-associated pneumonia (SAP).
Methods: This single-center retrospective cohort study included 2,771 acute stroke patients who were newly hospitalized between 
April 1, 2012, and March 31, 2020. The 8-year period was divided into four phases at two-year intervals as follows: Pre (N=632), 
Post-1 (N=642), Post-2 (N=716), and Post-3 (N=781). Pre was prior to DCS practice. Post-1 was an early introduction to DCS. Post-2 
simplified dental team requests from nurses, and Post-3 added bedside oral screening within 72 hours of admission by the dental team. 
Statistical analysis was performed using the Cochran-Armitage trend test, followed by multivariate logistic regression.
Results: A decrease in SAP rates was observed across the four groups (P<0.0001). Logistic regression analysis revealed a significant 
difference for respiratory disease (odds ratio 7.74, 95% confidence interval 5.49–10.90), hypertension (2.28, 1.39–3.73), cardiac failure 
(1.72, 1.04–2.85), and diabetes (1.59, 1.11–2.26), 3-digit code on the Japan coma scale (3.57, 2.53–5.05 [reference ≤2-digit code]), age 
≥90 years (2.34, 1.15–4.77 [reference 18–59 years]), male (1.86, 1.31–2.67), and the Post-1 (0.49, 0.31–0.76 [reference Pre]), Post-2 
(0.38, 0.25–0.61 [reference Pre]), and Post-3 (0.24, 0.15–0.40 [reference Pre]) periods.
Conclusion: The suppression of SAP is effectively achieved through early intervention and education of nurses by dental professionals.

Plain Language Summary: Pneumonia is a dangerous disease that kills millions of individuals around the world every year. Stroke patients 
are susceptible to developing pneumonia because their swallowing reflex is sometimes impaired. This risk may be reduced by maintaining oral 
hygiene through advanced oral care involving dentists and dental hygienists. For this reason, our acute care hospital has a dental team consisting 
of a full-time dentists and dental hygienists dedicated to the ward. In 2014, the dental team launched a program for nurses on how to provide oral 
care to inpatients. Additionally, we have introduced a system that enables nurses to contact the dental team immediately if oral care becomes 
difficult for nurses due to problems in the patient’s mouth. Furthermore, the dental team began evaluating the oral health of all stroke patients 
within 72 hours after hospitalization. We studied the changes in the frequency of pneumonia in stroke patients at our hospital before the 
application of this approach and 6 years after its introduction. The rate of pneumonia decreased steadily during this period. Overall, the 
pneumonia rates in stroke patients at our hospital reduced by approximately 60%, suggesting that this system is an effective way to prevent 
pneumonia. 
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Background
The oral cavity is a reservoir of respiratory pathogens, and it is known that oral bacteria and the occurrence of respiratory 
diseases are associated.1–6 Oral health care improves oral hygiene, strengthens the sensitivity of the cough reflex,7 and 
increases the concentration of substance P in the saliva.8 Moreover, it is also effective in suppressing pneumonia.9–13 The 
American Heart Association/American Stroke Association recommend implementing oral hygiene protocols to prevent 
aspiration pneumonia.14 Similarly, the European Stroke Organisation and the European Society also support proactive oral 
health care interventions,15 and the Canadian Stroke Best Practice Recommendations for Acute Stroke Management16 

suggested early referral to dentists if concerns regarding oral care are present. However, only a few facilities provide intensive 
dental interventions for acute stroke patients. In addition, hospital nurses in acute and post-acute settings tend not to prioritize 
oral care,17,18 and 92% of junior doctors are not confident in diagnosing dental diseases.19 Therefore, our hospital employs 
full-time dentists and dental hygienists who work exclusively in the wards to accomplish best practices in oral healthcare. 
They were affiliated with the rehabilitation department and collaborated with the department of nursing to establish the dental 
care system (DCS) to suppress hospital-acquired pneumonia.20 This DCS has been enhanced recently with the introduction of 
a simplified, computer-based system for nurses to pass requests to the dental team, and bedside oral screening of all stroke 
patients within 72 hours of admission by the dental team. In this study, we report the effects of these measures on the rate of 
stroke-associated pneumonia (SAP).

Study Population and Design
This was a retrospective cohort study of stroke patients newly admitted at the Ashikaga Red Cross Hospital, a 
tertiary emergency facility accredited by the Joint Commission International, conducted between 1st April 2012 and 
31st March 2020. Our study was reviewed and approved by the Ethics Committee of the Ashikaga Red Cross 
Hospital (Authorization ID 2020-12). Written consent (or rejection) of the use of personal medical data for research 
purposes is obtained from all patients at our facility at admission. The principles outlined in the Declaration of 
Helsinki were adhered to throughout the course of the research. The hospital is located in Ashikaga City, Tochigi 
Prefecture, Japan, and has a population of approximately 140,000. Our hospital does not have a dedicated stroke 
care unit. Changes in the number of the medical staff during the survey period are presented in Supplementary Table 
1. An increase in the number of therapists was observed between 2012 and 2013. However, no clear increase or 
decrease was detected among the other specialists. The hospital maintained 555 beds during the study. Among these 
555 beds, 30 were in the high-care unit, which is used for the management of stroke patients. There was also no 
increase or decrease in the number of high-care unit beds.

Stroke patients were diagnosed with cerebral infarction (International Classification of Diseases, 10th edition 
[ICD-10], code I63x), cerebral hemorrhage (ICD-10, code I61x), or non-traumatic subarachnoid hemorrhage (ICD- 
10, code I60x), and 3,106 such cases were extracted from the Japanese Diagnosis Procedure Combination 
database,21 a part of the health payment system in Japan. Subsequently, the internal medical records (HOPE 
EGMAIN-GX system, FUJITSU, Tokyo, Japan) of the selected patients were evaluated, and those with 
a transient ischemic attack, no stroke, suspected stroke, unknown date of onset, or age<18 years were excluded. 
Thus, 2,771 stroke patients (1,527 males and 1,244 females, mean age±1SD 72±13 years) were analyzed in this 
study (Figure 1).

DCS comprises lectures and practical training for nurses presided over by dentists and dental hygienists and includes 
an introduction to oral assessment, standardization of oral care procedures, and a process for nurses to request dental 
interventions via in-hospital telephones.

The 8-year study was divided into four time periods (Table 1). The Pre period (April 1, 2012 to March 31, 2014; N=632) 
represented the term prior to DCS operation. Although the dental team provided treatment and care during this time, they did 
not conduct systematic oral management with the ward nurses. The Post-1 period (April 1, 2014 to March 31, 2016; N=642) 
exhibited duration of initial DCS practice. The Post-2 and 3 periods indicated phase of enhanced DCS. The Post-2 period 
(April1, 2016 to March 31, 2018; N=716) is characterized by the introduction of a simplified, computer-based system that 
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enables nurses to request the service of the dental team. After the Post-2 period, the process of dental team request was 
streamlined such that only clicking a checkbox in the electronic medical records, rather than making in-hospital telephones. 
The Post-3 period (April 1, 2018 to March 31, 2020; N=781) expressed the phase during which bedside oral screening of all 
stroke patients was performed by the dental team within 72 hours of admission. Collaboration with the nurses at the patient 
flow center of the hospital, which manages admissions and discharges during the Post-3 period allowed the dental team to 
promptly monitor inpatient admissions.

Data Collection
Data extracted from medical records included sex, age (18–59, 60–69, 70–79, 80–89, ≥90 years), classification of stroke 
(cerebral infarction, cerebral hemorrhage, non-traumatic subarachnoid hemorrhage), hospitalized from home, body mass 

Figure 1 Flowchart of the study. 
I60x: non-traumatic subarachnoid hemorrhage, I61x: cerebral hemorrhage, I63x: cerebral infarction.

Table 1 Intervention contents in four periods.

Intervention Details Pre: April 1, 
2012 to 

March 31, 
2014 (N=632)

Post–1: April 
1, 2014 to 
March 31, 

2016 (N=642)

Post–2: April 
1, 2016 to 
March 31, 

2018 (N=716)

Post–3: April 
1, 2018 to 
March 31, 

2020 (N=781)

Dental care system  

(to nurses)

Lectures and practical training No Yes Yes Yes

Unified oral assessments No Yes Yes Yes

Standardized oral care procedures No Yes Yes Yes

Dental team request by in-hospital 
telephone

No Yes Yes Yes

Enhanced dental care system 
1 (to nurses)

Simplify requests to the dental team 
using electronic medical records

No No Yes Yes

Enhanced dental care system 
2 (to the dental team)

Early bedside oral screening of stroke 
patients by the dental team within 72 

hours of admission

No No No Yes
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index (BMI; <18.5, 18.5–24.9, ≥25.0), the Japan Coma Scale22 (JCS) score (single/double-digit or triple-digit code), and 
medical history (previous stroke, hypertension, diabetes, dyslipidemia, respiratory disease, dementia, heart failure, renal 
failure, and liver disease). Stroke was diagnosed by neurologists or neurosurgeons using computed tomography and/or 
magnetic resonance imaging. The JCS score is widely used to evaluate the consciousness level in Japan, and its 
correlation with the Glasgow Coma Scale has been reported.22 The interventions performed during hospitalization 
consisted the use of tissue-type plasminogen activator (tPA), surgery for stroke, tracheostomy, gastrostomy, rehabilita-
tion, and dental treatment and/or care. SAP was defined as the occurrence of pneumonia within the first seven days after 
the onset of stroke in unventilated patients.23 SAP was determined by the attending physician according to the CDC/ 
NHSN surveillance definition for healthcare-associated infection in acute care medical environments and the criteria for 
specific types of pneumonia infection (PNU1).24 Moreover, the duration of hospital stay and the number of deaths were 
also recorded.

Sample Size
A previous study described the prevalence of pneumonia as 5% in the dental intervention group and 12% in the control 
group.20 Therefore, we assessed whether the rates were equal among the Pre, Post-1, Post-2, and Post-3 periods using 
Fisher’s exact test. The significance level was set at 0.05. The sample size for each group calculated using the Monte 
Carlo method with a power of 0.80 was 219.

Statistical Analysis
Wilcoxon rank-sum test was used for the duration of hospital stay, whereas Pearson’s chi-square test was conducted for all other 
variables. Bonferroni correction was performed for all multiple comparisons. The Cochran-Armitage trend test detected trends in 
the event of SAP, and a multivariate logistic regression model was applied. The Cochran-Armitage trend test was carried out to 
evaluate the Pre, Post-1, Post-2, and Post-3 periods. Subsequently, a multivariate logistic regression model was performed with 
SAP as the objective variable and sex; age (60–69, 70–79, 80–89, ≥90 years); BMI (<18.5, ≥25.0); the JCS score (3 digit code); 
hospitalization from home; previous stroke, hypertension, diabetes, respiratory disease, dementia, and heart failure; and the Post- 
1, Post-2, and Post-3 periods as the explanatory variables. Explanatory variables were selected from the risk factors for 
pneumonia identified in previous studies and comorbidities that showed significant differences in univariate analysis. Missing 
BMI values were processed using a multivariate normal imputation. JMP (version 14.3 for Macintosh; SAS Institute Inc., Cary, 
NC, USA) was used for statistical analysis, and a P-value of <0.05 was considered statistically significant.

Results
Supplementary Table 2 presents the admission-related information. The number of stroke patients significantly 
tended to increase (P<0.0001: Pre vs. Post-3, Post-1 vs. Post-3; P<0.001: Post-2 vs. Post-3), and significant 
differences were noted in the 18–59 (P=0.001: Pre vs. Post-1, P<0.001: Post-1 vs. Post-2) and 60–69 (P=0.002: 
Pre vs. Post-3) age groups. Furthermore, significant differences were confirmed in patients with a previous stroke 
(P=0.001: Pre vs. Post-2, P<0.001: Post-1 vs. Post-2), hypertension (P<0.0001: Pre vs. Post-3), respiratory disease 
(P<0.0001: Pre vs. Post-1, Post-2; P=0.004: Pre vs. Post-3; P=0.001: Post-2 vs. Post-3), and liver disease 
(P=0.008: Pre vs. Post-1). No significant differences were shown in the other variables. Table 2 indicates the 
details of the clinical interventions during hospitalization. The use of tPA (P=0.002: Pre vs. Post-3), rehabilitation 
(P=0.003: Post-2 vs. Post-3), dental treatment/care (P<0.001: Pre vs. Post-1, Post-2, and Post-3; P=0.004: Post-1 
vs. Post-3), and dental interventions within 7 days of admission (P<0.001: Pre vs. Post-1, Post-2, and Post-3; 
Post-1 vs. Post-3; and Post-2 vs. Post-3) presented significant differences. 

A decreasing trend was viewed in the frequency of SAP (Figure 2; P<0.0001). The median duration of hospital stay 
was as follows: overall, 21 days (interquartile range 11–41); Pre, 18 days (11–36); Post-1, 21 days (11–38); Post-2, 20 
days (11–42); and Post-3, 22 days (12–48). The number of deaths was as follows: overall, 306 (11%); Pre, 71 (11%); 
Post-1, 79 (12%); Post-2, 65 (9%); and Post-3, 91 (12%). Thus, no significant differences were spotted in the duration of 
hospital stay and death rate. Table 3 displays the results of the logistic regression analysis. History of respiratory disease 
(odds ratio 7.74, 95% confidence interval 5.49–10.90), hypertension (2.28, 1.39–3.73), heart failure (1.72, 1.04–2.85), 
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and diabetes (1.59, 1.11–2.26); JCS 3-digit code (3.57, 2.53–5.05 [reference ≤2-digit codes]); age≥90 years (2.34, 1.15– 
4.77 [reference 18–59 years]); male (1.86, 1.31–2.67); and the Post-1 (0.49, 0.31–0.76 [reference Pre]), Post-2 (0.38, 
0.25–0.61 [reference Pre]), and Post-3 (0.24, 0.15–0.40 [reference Pre]) periods showed significant differences.

Discussion
Our previous study20 reported that the DCS, which included oral care lectures and practical training for nurses presided 
over by dental team, the introduction of oral assessment, the standardization of oral care procedures, and protocols for 
requesting dental interventions lowered the occurrence of SAP. The enhanced DCS in this study, which included bedside 
oral screening by the dental team within 72 hours of admission and the simplification of the procedure for nurses to 
request dental interventions, have further decreased the frequency of SAP.

The admission data showed that the rate of respiratory diseases was higher in the Post groups compared to the Pre 
group. Previous studies have suggested that patients with chronic obstructive pulmonary disease are more susceptible to 
developing pneumonia.25,26 Therefore, the Post groups may have been at a disadvantage compared with the Pre group in 
terms of reducing the event of pneumonia.

Table 2 Clinical interventions during hospitalization

Overall 
(N=2,771)

Pre  
(N=632)

Post-1 
(N=642)

Post-2 
(N=716)

Post-3 
(N=781)

P-value

April 1, 2012 
to March 31, 
2020; N (%)

April 1, 2012 
to March 31, 
2014; N (%)

April 1, 2014 
to March 31, 
2016; N (%)

April 1, 2016 
to March 31, 
2018; N (%)

April 1, 2018 
to March 31, 
2020; N (%)

*tPA use (% of infarcted patients) 95 (5.7) 31 (8.5) 21 (5.5) 28 (6.6) 15 (3.0) 0.018a

Stroke-related surgery 357 (12.9) 105 (16.6) 74 (11.5) 86 (12.0) 92 (11.8) 0.017

Tracheostomy 50 (1.8) 15 (2.4) 16 (2.5) 9 (1.3) 10 (1.3) 0.152
Gastrostomy 54 (1.9) 14 (2.2) 17 (2.6) 15 (2.1) 8 (1.0) 0.143

Rehabilitation 2525 (91.1) 572 (90.5) 587 (91.4) 637 (89.0) 729 (93.3) 0.026b

Dental treatment/care 944 (34.1) 141 (22.3) 214 (33.3) 270 (37.7) 319 (40.8) P<0.0001c

Intervention within 7 days of 

hospitalization

527 (19.0) 47 (7.4) 123 (19.2) 139 (19.4) 218 (27.9) P<0.0001d

Notes: *tPA: tissue-type plasminogen activator. All comparisons used the Pearson’s chi-square test, and multiple comparisons used Bonferroni’s adjustment. aP=0.002: Pre 
vs. Post-3. bP=0.003: Post-2 vs. Post-3. cP<0.001: Pre vs. Post-1, Post-2, and Post-3; P=0.004: Post-1 vs. Post-3. dP<0.001: Pre vs. Post-1, Post-2, and Post-3; Post 1 vs. Post-3; 
and Post-2 vs. Post-3.

Figure 2 Incidence of stroke-associated pneumonia during study periods (P<0.0001; Cochran-Armitage test for trend). Pre: Before introduction of the dental care system (DCS), 
4/1/2012 to 3/31/2014. Post-1: Initial DCS practice, 4/1/2014 to 3/31/2016. Post-2: Enhanced DCS 1 (simplify requests to the dental team using electronic medical records), 4/1/ 
2016 to 3/31/2018. Post-3: Enhanced DCS 2 (bedside oral screening of stroke patients by the dental team within 72 hours of admission), 4/1/2018 to 3/31/2020.
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When contrasting our cohort with patients from a Japanese multi-center survey,27 the average age (73 years for the 
multi-center survey vs. 72 years for ours); rates of cerebral infarction, cerebral haemorrhage, and subarachnoid 
hemorrhage (61%, 29%, and 9% vs. 60%, 30%, and 10%); 3-digit code for JCS score (14% vs. 16%); and the history 
of hypertension (75% vs. 81%), diabetes (26% vs. 30%), and dyslipidemia (28% vs. 30%) were alike. In addition, when 
comparing the content of clinical interventions, the duration of hospital stay, and the mortality rate with another Japanese 
multi-center survey,28 our study showed differences in the use of tPA (17% in the multi-center survey vs. 6% in our 
study), surgery (10% vs. 13%), rehabilitation (73% vs. 91%), the median duration of hospital stay (24 days vs. 21 days), 
and mortality rate (16% vs. 11%). These findings hint that our stroke patient was typical for a Japanese hospital, with the 
exception of rehabilitation interventions. And, the fact that rehabilitation was accomplished in approximately 90% of our 
patients may have contributed favorably to pneumonia suppression. There have been reports of pneumonia control 
through dysphagia screening,29,30 and physical activity31 in stroke patients.

Lyons et al32 noted a lack of evidence regarding the benefits of oral care after stroke in their narrative review and 
indicated the need for oral assessment and the optimisation of training from dental specialists. One of these factors may 
be the absence of full-time dental professionals in hospitals that handle acute stroke patients. The medical system of 
many countries makes it difficult to assign full-time dental staff to acute care hospitals. However, dentists and dental 
hygienists can be exclusively designated to hospital wards in Japan. The average hospital stay for acute care is 6.9 days 
in the UK, 6.1 days in the US, and 16 days in Japan.33 Consequently, in Japan, where hospital stays are longer, there is a 
possibility of a need to provide dental services for hospitalized patients.

A study in which dentists evaluated patients with cerebral infarction and cerebral hemorrhage in the intensive care 
unit found that 78% of patients exhibited features of periodontitis and 79% had dental caries.34 Moreover, conditions that 
hinder oral care, such as oral hemorrhage, oral candidiasis, mobile teeth, and difficulty in opening the mouth, have been 
demonstrated in acute and subacute stroke patients.20 Thus, early diagnosis and management by dental team are essential 
for creating an environment in which nurses can perform optimal oral care practices. These practices inhibit the 
aspiration of oral bacterial and improve cough and swallowing reflexes.7,8 As a result, it can be expected to have a 
preventive effect against pneumonia. Aoki et al12 mentioned a reduction in the incidence of hospital-acquired pneumonia 
in acute stroke patients due to the professional care provided by dentists and dental hygienists who were members of 
a multidisciplinary swallowing team. Bellissimo-Rodrigues et al35 conducted a randomized clinical trial in which dentists 

Table 3 Stroke-associated pneumonia and explanatory variables (logistic regression analysis)

Odds ratio  
(95% Confidence Interval)

P-value

Male 1.86 (1.31–2.67) 0.001

Age (reference 18–59 years) 60–69 0.91 (0.50–1.66) 0.757

70–79 1.11 (0.63–1.94) 0.725
80–89 1.43 (0.81–2.52) 0.215

≥90 2.34 (1.15–4.77) 0.019

Body mass index (reference 18.5–24.9 kg/m2) <18.5 1.21 (0.73–2.02) 0.458
≥25 0.74 (0.50–1.14) 0.172

Japan coma scale 3-digit code (reference ≤2-digit codes) 3.57 (2.53–5.05) <0.0001
Resided at home (reference other than home) 0.66 (0.37–1.19) 0.165

Previous stroke 0.81 (0.51–1.27) 0.361

Hypertension 2.28 (1.39–3.73) 0.001
Diabetes 1.59 (1.11–2.26) 0.011

Respiratory disease 7.74 (5.49–10.90) <0.0001

Dementia 1.43 (0.85–2.40) 0.175
Heart failure 1.72 (1.04–2.85) 0.033

Study period (reference Pre) Post-1 0.49 (0.31–0.76) 0.002

Post-2 0.38 (0.25–0.61) <0.0001
Post-3 0.24 (0.15–0.40) <0.0001
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intervened in the ICU. In the group receiving dental treatment, which included tooth brushing, tongue cleaning, plaque 
removal, tooth extraction, and caries treatment performed 4–5 times a week, a reduction in the frequency of lower 
respiratory tract infections was observed. The findings of these surveys support our recommendations for dental 
interventions during the acute stage.

A previous study stated that the prevalence of hospital-acquired pneumonia could be reduced through educational 
dental interventions alone. Quinn et al36 analyzed the state of oral care and developed an oral care protocol that reflected 
the opinions of on-site staff. Dentists contributed to both the creation of this protocol and the execution of practical 
training, including lectures, mitigated the rate of hospital-acquired pneumonia. Likewise, our study also built the DCS 
that incorporated nurses’ perspectives. Yuan et al37 documented that dental professional-led nurse education diminished 
the incidence of pneumonia in male stroke patients with high severity.

In the future, it will be important to involve dental specialists in acute stroke medical teams, to supply oral health 
education and dental treatment/care in different medical settings, and to collect evidence. Therefore, dental professionals 
need to understand the impact of dental diseases on overall health and should receive training in dental treatment and care 
for hospitalized patients. Additionally, ensuring effective oral care in the ward necessitates interdisciplinary commu-
nication and management skills. These highlights the challenge of human resource development for dental staff.

Limitations
This study was a single-center retrospective cohort study. Furthermore, data about pneumococcal vaccination, severity of 
stroke other than consciousness level, details of comorbidities, smoking history, use of medications excluding tPA, 
nutrition-related data other than BMI, oral status, and specifics of rehabilitation could not be investigated. Additionally, 
we did not verify the oral care skills, awareness, and knowledge of the nurses.

Conclusions
The control of SAP was achieved through the synergistic effect of high-quality oral care delivered by nurses trained by 
dentists and dental hygienists, along with early bedside oral screening and treatment/care provided by dental 
practitioners.
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