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Introduction
Caused by infectious agents, nosocomial 
pneumonia is an infection of the lung 
parenchyma which is not present at 
the time of admission to the hospital 
and during the incubation period, but 
occurs at least 48 hours after being 
hospitalized.[1] Need for mechanical 
ventilation and intubation increases the risk 
of pneumonia by 3%–21%.[2] This type of 
infection is called Ventilator‑Associated 
Pneumonia  (VAP)[3] that as a prevalent 
and serious problem in hospitals may 
increase mortality rate, the duration of 
mechanical ventilation, and the time of 
hospitalization, and make it difficult to 
disconnect the patient from the ventilator.[4] 
In Mechanically‑Ventilated  (MV) patients, 
artificial airways can eliminate natural 
protective mechanisms such as coughing 
and mucosal reflexes.[5] Twenty‑four hours 
after the onset of mechanical ventilation, the 
lower airways are contaminated because of 
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Abstract
Background: Oral care plays a significant role in reducing the incidence of Ventilator‑Associated 
Pneumonia  (VAP) in Intensive Care Units  (ICUs). The aim of this study was to investigate the 
effect of three oral care protocols on the incidence of VAP in Mechanically‑Ventilated (MV) patients 
hospitalized in ICUs. Materials and Methods: This parallel randomized clinical trial was performed 
in 2019 on 71 MV adult patients with endotracheal intubation hospitalized in ICUs. The patients 
were divided into three groups: a 7‑day oral care by using swab  (group  1), two‑times‑brushing 
group  (group  2), and four‑times‑brushing group  (group  3) by using chlorhexidine. The data 
related to the incidence of pneumonia were analyzed during several days using Chi‑square and 
ANOVA tests. Results: The incidence of pneumonia on the fourth day of the intervention in the 
first group  (35.00%) was significantly higher than that of the two intervention groups  (10.00%) 
(χ2 = 5.86, df = 2, p = 0.03)). The mean score of modified clinical pulmonary infection in the third 
group was significantly lower seven days after the intervention than before the intervention (p = 0.04) 
and the fourth day of intervention (p = 0.003). In the first group, this score was significantly higher 
in the fourth day of the intervention than the seventh day  (p =  0.003). Conclusions: Based on the 
results, the oral care protocol, including four‑times‑brushing, reduced the risk of VAP more than two 
times brushing. Therefore, the use of this protocol is recommended to provide a minimum level of 
oral care and reduce the risk of VAP in MV patients.
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advanced colonization.[6] The colonization 
of pathogens in the oropharynx and the 
micro‑aspiration of lower respiratory tract 
are mentioned as two important factors in 
the incidence of VAP.[7]

Various measures have been taken to 
prevent VAP in patients hospitalized 
in Intensive Care Units  (ICUs). These 
measures, the most important of which is 
oral care, are known as the VAP bundle.[8] 
In oral care, brushing and using swab are 
known as mechanical methods. Toothbrush 
has an important role in controlling the 
accumulation of dental plaque, maintaining 
oral mucosal integrity, and decreasing the 
inflammation of mouth and gums. Another 
method of oral care is the use of antiseptic 
mouthwashes as a chemical intervention.[9] 
Mouthwashes reduce the risk of VAP by 
reducing the number of microorganisms 
and, consequently, reducing transmission 
and colonization in the lungs.[9,10] Among 
mouthwashes, chlorhexidine solution is an 
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effective solution against gram‑positive and gram‑negative 
bacteria, and anaerobic and aerobic species of fungi and, 
that is why, disinfection of oropharynx through using it has 
become a standard oral care during the last decade.[11]

Many studies have examined a method or a combination 
of oral care methods for the MV patients.[2,3,7] The results 
of a multicenter research by Ames et  al.,[12] as well as the 
study of de Lacerda Vidal et   al.,[2] have confirmed the 
effect of brushing on reducing the prevalence of VAP in 
ICUs. However, a number of studies have pointed to the 
ineffectiveness of brushing on VAP reduction in MV patients 
hospitalized in ICUs.[13,14] In oral care protocols, brushing 
with chlorhexidine is considered to be a part of the relevant 
bundle that makes it difficult to detect the contribution of 
brushing to the prevention of VAP.[15] Moreover, the effect 
of brushing times on VAP prevention has not been evaluated 
in the studies with positive results, and researchers have 
suggested different number of times (from once every hour 
to once every 12 hours) for oral care.[9] Given the different 
and contradictory results of oral care protocols about the 
effects of chlorhexidine mouthwash with and without 
tooth brushing and considering the lack of a global agreed 
standard about the oral care of MV patients, as well as the 
importance of oral care in preventing VAP in these patients, 
further studies seem to be necessary. The aim of this study 
was to compare the effect of three oral care protocols on 
the incidence of VAP in MV patients hospitalized in ICUs.

Materials and Methods
This study is a three‑group clinical trial conducted from 
October 2019 to February 2020 in Iran. A  seven‑day 
intervention was performed and its effect was examined 
in several stages before, during, and after the intervention. 
The study received the registration code for clinical practice 
IRCT20191012045066N1. Seventy‑one 18–65  years‑old 
MV patients with orotracheal tube who were hospitalized 
in ICUs of educational hospitals affiliated to Isfahan 
University of Medical Sciences entered the study using the 
convenience sampling method.

According to inclusion criteria these patients had teeth, 
no inflammation of the mucosa or severe oral trauma, no 
chronic diseases and immune and coagulation disorders, 
and a maximum of 24 hours had passed since they were 
intubated and had no reintubation.[11,16,17] The patients with 
pre‑intervention extubation and tracheostomy, with clear 
aspiration, less than 4000 platelets and INR >2, who were 
diagnosed with pneumonia within 48 hours after the start of 
mechanical ventilation and were discharged or transferred 
before the seventh day of the intervention, were excluded 
from the study.[2,16‑18]

The sample size, with 95.00% confidence coefficient and 
80.00% test power, was obtained to be 20  patients in each 
group that, given the probable 10.00% drop in the samples, 
was considered to be 22 patients for each group. The patients 

were allocated randomly into three groups by the researcher 
and using minimization software. In order to balance the 
samples, the age, gender, diagnosis, and endotracheal tube size 
were defined in the minimization software in order to allocate 
the groups. At the same time, the probability of 0.80 was 
determined for random allocation of samples in three groups. 
Given the drop of the samples, sampling continued until the 
number of samples reached 20 subjects in each group.

Oral care intervention was performed in three different 
shifts from the first day of the patient’s intubation to the 
seventh day by the researcher and a number of nurses 
who underwent a face‑to‑face and practical training by the 
researcher. At each intervention, the patients underwent 
oral care for five minutes after being placed in a lateral or 
semi‑sitting position.[3] If necessary, the patients’ mouths 
were suctioned and every 4 hours, their mouths were 
moistened using Veramin oral moisturizing gel and the lips 
were lubricated by Vaseline.[9,19]

Oral care was performed for the first group in such a 
way that the surfaces of teeth, gums, tongue and inner 
wall of the mouth, as well as the surface of that part of 
the tracheal tube which was inside the mouth, were 
cleaned every 12 hours by a movement from the back of 
the mouth toward the lips using a swab soaked in 0.20% 
chlorhexidine mouthwash solution  (routine care). If there 
were some discharges on the mentioned surfaces, dry 
swabs would be used first to remove them. In the second 
group, oral care was performed every 12 hours by using a 
toothbrush impregnated with 0.20% chlorhexidine, and in 
the third group, oral care was performed every 6 hours, two 
times through using a toothbrush impregnated with 0.20% 
chlorhexidine solution and two times using a toothbrush 
impregnated with normal saline. In all three groups, the 
patients’ mouth was suctioned before and after oral care if 
needed. Children’s soft toothbrush was used for brushing 
the teeth through a forward‑back vibration movement, and 
all surfaces inside the mouth and the surface of the tracheal 
tube were brushed through a back‑forward movement. This 
was done based on Modified Bass technique approved by 
dental articles and oral care of the MV patients.[16,20]

Age, gender, marital status, level of education, date of 
admission, cause of hospitalization in ICU, diagnosis, 
medication (antibiotics, anticholinergic, narcotics, diuretics), 
history of previous illnesses, nutritional status, the platelet 
count, tracheal tube number, and SOFA and APACHEII 
scores were recorded as the baseline information. The 
incidence of pneumonia was investigated before, four days 
after, and seven days after the intervention using Modified 
Clinical Pneumonia Infection Score (MCPIS).

Given the different oral care methods, blindness was 
not possible during the study. The checklist information 
was collected by the researcher and interpreted by the 
intensivist. A  score equal to and greater than 5 was 
indicative of VAP. The mentioned tool has been used 
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in many studies.[17,21] The content validity of the tool has 
been confirmed in a study in Iran through the opinion of 
a relevant expert and its reliability has been checked using 
Pearson correlation coefficient of 0.92%.[22]

Data analysis was performed using SPSS software, 
version 19 (An IBM Company). To compare the 
demographic characteristics of the three groups, Kruskal–
Wallis one‑way ANOVA and Chi‑square were used. One‑way 
ANOVA, Chi‑square, repeated measures ANOVA, Cochran 
test, and LSD Post‑Hoc were used to compare the mean 
and frequency distribution of data of the three groups in the 
measurement times. Data were represented as mean (SD) or 
n (%) where applicable. p < 0.05 was considered statistically 
significant and was reported by two fraction digits.

Ethical considerations

This study was approved by Ethics Committee of Isfahan 
University of Medical Sciences  (Ethical code IR.MUI.

RESEARCH.REC.1398.333). The aim of the study was 
explained to the patients or their legal guardian before 
interventions and they were assured about confidentiality 
and anonymity of their information. Verbal and written 
informed consent was obtained from patients or their 
legal guardian who accepted to participate in the study. 
Moreover, all of the participants were free to withdraw 
from the study whenever they/their legal guardian wanted.

Results
During a five‑month study, a total number of 71 eligible 
patients, who were randomly allocated to three groups, 
underwent oral care and were examined for the incidence 
of VAP. Eleven patients were excluded from the study 
before the end of the intervention because of the removal 
of the tracheal tube, death, and transfer to other medical 
centers for receiving medical services. Finally, 60  patients 
(20 in each group) took part in the study [Picture 1]. 

Table 1: Comparing the frequency distribution of baseline information of the study groups
Sociodemographic data Group 1 n (%) Group 2 n (%) Group 3 n (%) Statistical test p
Age
18‑38
>38‑58
>58‑65

5 (25.00)
10 (50.00)
5 (25.00)

5 (25.00)
11 (55.00)
4 (20.00)

6 (30.00)
9 (45.00)
5 (25.00)

0.46* 0.79

Gender
Male
Female

14 (70.00)
6 (30.00)

13 (65.00)
7 (35.00)

12 (60.00)
8 (40.00)

0.44** 0.80

Diagnosis
Internal
Surgical
Neurology
Neurosurgery

14 (70.00)
1 (5.00)
2 (10.00)
3 (15.00)

13 (65.00)
3 (15.00)
2 (10.00)
2 (10.00)

13 (65.00)
2 (10.00)
3 (15.00)
2 (10.00)

1.63** 0.95

Intubation place
Emergency Ward
Operation Room
ICU***

13 (65.00)
6 (30.00)
1 (5.00)

13 (65.00)
7 (35.00)
0 (0.00)

15 (75.00)
5 (25.00)
0 (0.00)

2.72** 0.60

Intubation method
Emergency
Selective

17 (85.00)
3 (15.00)

13 (65.00)
7 (5.00)

15 (75.00)
5 (25.00)

2.13** 0.34

Intubation reason
Respiratory Failure
Surgery

17 (85.00)
3 (15.00)

13 (65.00)
7 (5.00)

15 (75.00)
5 (25.00)

2.13** 0.34

Nutrition Status
NPO****
Enteral Feeding

14 (70.00)
6 (30.00)

14 (70.00)
6 (30.00)

11 (55.00)
9 (45.00)

1.32** 0.52

Drugs
Antibiotics
Anticholinergic
Diuretic
Narcotic

17 (85.00)
10 (50.00)
10 (50.00)
17 (85.00)

19 (95.00)
8 (40.00)
10 (50.00)
16 (80.00)

18 (90.00)
9 (45.00)
11 (55.00)
18 (75.00)

1.16**
0.40**
0.13**
0.23**

0.56
0.82
0.93
0.89

*Kruskal‑Wallis, **Chi‑square, ***Intensive Care Unit, ****Nothing by Mouth
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Most of the subjects were male  (65.00%), with internal 
diagnosis (66.66%). The three groups were similar in terms 
of age, gender, marital status, level of education, diagnosis, 
location, method and cause of intubation, type of nutrition, 
and type of medication [Table 1].

They also did not differ significantly in terms of the 
history of previous diseases  (χ2=15.31, df=16, p=0.50), 
SOFA score  (χ2=0.52, df=2, p=0.77), and APACHEII 
score  (χ2=1.78, df=2, p=0.41). Before the intervention, 
there was no pneumonia in any of the three groups 
according to the adjusted criterion. The results of the 
Chi‑square test showed that the incidence of VAP on the 
fourth day of the intervention in the first group  (35.00%) 
was significantly higher than the two intervention 
groups  (10.00%)  (χ2=5.86, df=2, p=0.03). However, there 
was no significant difference between the three groups 
on the seventh day of the intervention  (χ2=0.51, df=2, 
p=0.78). Based on the Cochran’s test, the incidence of 
VAP was not significantly different between the two 
intervention groups in the three times  (Q=2.67, df=2, 
p=0.26; (Q=3, df=2, p=0.22); but in the first group, it 
significantly differed in the three times  (Q=12.29, df=2, 
p=0.002) [Table 2].

As the results of the Wilcoxon test showed, the incidence 
of VAP in the first group was significantly higher in the 
fourth day of the intervention than before  (p  =  0.008) 
and the seventh day of the intervention  (p  =  0.01); 
however, there was no significant difference between 
before the intervention and the seventh day of the 
intervention  (p  =  0.32). The result of one‑way ANOVA 
showed that the mean of MCPIS was significantly 

different between the three groups in the fourth day of the 
intervention  (F2,57=3.67, p=0.04), that is, the higher the 
mean score, the more was the risk of pneumonia. However, 
the three groups did not differ significantly before the 
intervention  (F2,57=0.59, p = 0.56) and the seventh day 
of the intervention  (F2,57 = 1.77, p = 0.18). Overall, the 
toothbrush groups had a 25.00% greater reduction in early 
VAP than the swab group. As the results of LSD Post‑Hoc 
test showed, in the fourth day of the intervention, the mean 
of MCPIS was significantly higher in the first group than 
the second (p = 0.02) and third (p = 0.04) groups; however, 
there was no significant difference between the second and 
third groups  (p  =  0.74). The repeated measures ANOVA 
showed that the mean of MCPIS in the second group was 
not significantly different in the three times  (F2,18=0.41, 
p=0.67); however, it was significantly different in the third 
group  (F2,18=5.53, p=0.013) and the first group  (F2,18=5.70, 
p=0.012) in the three‑time intervals [Table 3].

According to the LSD Post‑Hoc test, the mean of 
MCPIS in the third group was significantly lower 
in the seventh day of the intervention than before 
the intervention  (p  =  0.04) and the fourth day of the 
intervention  (p = 0.003); however, there was no significant 
difference between before the intervention and the fourth 
day of the intervention  (p  =  0.88). In the first group, the 
mean of MCPIS was significantly higher in the fourth 
day of the intervention than the seventh day of the 
intervention  (p  =  0.003). However, the pre‑intervention 
period was not significantly different from the fourth 
day  (p  =  0.14) and the seventh day  (p  =  0.67) of the 
intervention.

Table 3: Mean (SD) of MCPIS* in and between three groups before the intervention and the fourth and seventh days 
after the intervention

Variable Modified Clinical Pulmonary Infection Score* Groups Mean (SD) F*** p
Intervention 1 Intervention 2 Intervention 3

Before Intervention 3.25 (1.16) 2.80 (1.32) 3 (1.45) 0.59*** 0.56
DAY 4 3.85 (1.42) 2.90 (1.25) 3.05 (1.50) 3.67*** 0.04
DAY 7 3.10 (1.17) 2.70 (1.30) 2.35 (1.31) 1.77*** 0.18
F** 5.70** 0.41** 5.53**
p 0.012 0.67 0.013

*Modified Clinical Pneumonia Infection Score and Score ≥5=pneumonia (Min Score: 0 and Max Score: 10), **The Repeated 
Measurements ANOVA, ***ANOVA Test

Table 2: Comparing the incidence rate of pneumonia based on modified clinical pulmonary infection score at different 
times in and between the three groups

Variable Modified Clinical Pulmonary Infection Score* (Groups) Chi‑square p
Intervention 1 n (%) Intervention 2 n (%) Intervention 3 n (%)

Before Intervention 0 (0.00) 0 (0.00) 0 (0.00) ‑ 1
DAY 4 7 (35.00) 2 (10.00) 2 (10.00) 5.86 0.03
DAY 7 1 (5.00) 2 (10.00) 1 (5.00) 0.51 0.78
Q** 12.29** 2.26** 3.00**
p 0.002 0.26 0.22

*Score ≥5=pneumonia (Min Score: 0 and Max Score: 10), **Cochran Test
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Discussion
This study was conducted to evaluate and compare the 
effect of three oral care protocols on the incidence of VAP. 
There was no difference between the three groups in terms 
of using chemical method oral care  (0.20% chlorhexidine 
mouthwash solution), using oral moisturizing gel, and lip 
lubrication as well as the time of using them.

The two mechanical methods of swabbing and brushing as 
well as the number of brushings (two and four times) were 
compared between the groups. According to the results, 
the frequency of VAP and the mean of MCPIS in the first 
group (Swab) were higher than the other two groups in the 
fourth day of the intervention, indicating a higher rate of 
incidence and risk of pneumonia in this group. Moreover, 
in the first group, the incidence of pneumonia was higher 
in the fourth day of the intervention than before the 
intervention and the seventh day. The incidence of VAP 
was not significantly different between the two groups 
that used toothbrushes  (the first and second groups). 
The reduction in the mean and frequency of infection 
in the first group, after seven days, may be the result of 
treatments started after the diagnosis of the infection. The 

treatments might have produced these results by affecting 
MCPIS subscales.

Contrary to the present study, Falahinia et  al.[14] showed 
that 61.8% of patients using 0.2% chlorhexidine oral 
care with swabs and 59.9% of patients using 0.2% 
chlorhexidine with toothbrushes were infected with VAP. 
They showed that brushing with chlorhexidine was not 
able to reduce early VAP compared to swabbing with 
chlorhexidine. In this study, apart from mouthwash and 
the use of toothbrushes and swabs which were performed 
twice a day for five days and each time for three minutes, 
they did not take any other action such as oral moisturizing 
and the lubrication of lips to maintain the integrity of the 
oral mucosa and lips. Analyzing the effect of oral care with 
and without toothbrush, Lorente et  al.[13] also showed that 
the use of chlorhexidine‑impregnated gauze and the use of 
soft toothbrush with chlorhexidine were not significantly 
different in reducing the incidence of VAP in MV patients. 
In this study, oral care was performed every 8 hours and, 
in addition to the above measures, 10 cc of chlorhexidine 
0.12% was poured into the mouth of the patients of both 
groups and after 30  seconds the oropharyngeal area was 

Assessed for eligibility (n = 218)

Randomized (n = 71)

Allocation

Excluded (n = 147)
 Not meeting inclusion criteria (n = 121)
 Declined to participate (n = 7)
 Other reasons (n = 19)

Allocated to intervention A (n = 24)
Received allocated intervention
(n = 24) 
Did not receive allocated
intervention (n = 0)

Allocated to intervention B (n = 23) 
Received allocated intervention
(n = 23) 
Did not receive allocated
intervention (n = 0)

Allocated to Control (n = 24) 
Received allocated control
(n = 24) 
Did not receive allocated
control (n = 0)

Fallow- Up 

Lost to follow-up (n = 0) 
Discontinued intervention
(Removal of the tracheal
tube:2, Death:1, Transfer to
other medical centers:1)
(n = 4)

Lost to follow-up (n = 0)
Discontinued intervention
(Removal of the tracheal
tube:1, Death:2, Transfer to
other medical centers:0)
(n = 3)

Lost to follow-up  (n = 0)
Discontinued intervention
(Removal of the tracheal
tube:1, Death:2, Transfer to other
medical centers:1)
(n = 4)

Analysis

Analyzed (n = 20)
Excluded from analysis 
(n = 0)

Analyzed (n = 20)
Excluded from analysis 
(n = 0)

Analyzed (n = 20) 
Excluded from analysis 
(n = 0)

Picture 1: Consort flow diagram
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suctioned. Based on most accepted guidelines, the use of 
chlorhexidine for preventing the physical and chemical 
nature of the oral mucosa is recommended every 12 hours. 
Additionally, another method used in oral care protocols 
is the method of moisturizing the mouth and lips every 2 
to 4 hours, which has had a positive effect on maintaining 
the moisture and integrity of the tissues of the lips and 
gums, and prevented the dryness and cracking of the oral 
areas, which might provide the conditions for the growth 
of bacteria.[6,23] Given the importance of maintaining the 
moisture of the oral mucosa and lips in reducing the rate 
of pneumonia, this issue was tried to be considered in our 
study. Like the present study, de Lacerda Vidal et  al.[2] 
acknowledged the higher incidence of VAP in the oral care 
recipient group who used chlorhexidine‑impregnated 
swabs compared with the group who used chlorohexidine 
gel‑impregnated toothbrush (28 vs. 18). Although the results 
were not statistically significant, there was a significant 
reduction in the duration of mechanical ventilation, the 
prevalence of VAP, and the length of hospitalization in the 
ICU among patients who used toothbrush.

According to other results of the study, the mean of 
MCPIS was significantly different in both the first and 
the third groups, while it was not significantly different in 
the second group. In the third group, which used brushing 
four times a day, the risk of VAP, based on lower mean of 
MCPIS, was lower on the seventh day of the intervention 
than before and the fourth day of the intervention. Given 
that this comparison was not significant in the second 
group  (which used brushing two times) during the three 
times, it can be said that four times brushing can, to some 
extent, reduce the risk of VAP more than doing it twice. 
Unlike the mentioned results, the systematic review study 
of de Camargo et  al.[24] showed that adding toothbrushes 
to the patient care program did not have a significant effect 
on the prevention and increase of VAP. de Camargo et   al. 
analyzed the articles in which toothbrush was part of their 
oral care program and had no focus on the similarity or 
difference of other interventions. They also compared 
only mechanical interventions with each other and did not 
mention the number of brushing times.[24] In line with the 
present study, the study of Ory et al.[18] pointed to the more 
incidence of VAP in oral care through using swabs and 
chlorhexidine compared to toothbrushes and chlorhexidine. 
However, this study also did not examine the number of 
brushing times separately, and the significant difference 
between the two groups showed the continuous effect of 
using toothbrushes and suction applicators.

In the present study, the incidence of VAP in toothbrush 
groups was lower than the swab group, and also four 
times brushing could reduce the risk of VAP better 
than two times brushing. However, given different care 
settings and the effect of several reasons on the incidence 
of VAP, it may not be possible to definitively suggest a 
superior oral care protocol for the prevention of VAP. 

Therefore, there is a need for more studies in this area. 
Despite the fact that during the study, the cuff pressure 
of the endotracheal tube of patients was periodically 
managed according to standard protocols, it was not 
possible to completely control microaspiration and its 
effects on the incidence of pneumonia. Also, although 
the medications received by patients were recorded, the 
type and dose of multiple medications used for patients 
may still have effects on outcomes that were beyond the 
control of the researcher.

Conclusion
According to the findings of the study, using toothbrush 
in the oral care program can reduce the incidence of VAP. 
Additionally, given the mean of MCPIS, four times daily 
brushing can be effective in reducing the risk of VAP more 
than two times brushing. Therefore, the use of mechanical 
brushing in the oral care program of MV patients together 
with four‑times‑brushing instead of two times brushing 
every 24 hours can be considered the preferred method for 
reducing the incidence of pneumonia.
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