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Background: Oral hygiene is a crucial nursing care in the intensive care unit (ICU) 
that can prevent ventilator‑associated pneumonia. Objectives: This study 
compares the effect of mouthwash with Boswellia extract and chlorhexidine on 
the prevention of dental plaque formation in ICU patients having an endotracheal 
tube. Methods: A  clinical trial was performed on 90  patients under mechanical 
ventilation in the ICU of Ayatollah Kashani Hospital in Isfahan, Iran, in 2018. 
The study data were collected using a demographic information form, a checklist, 
and the O’Leary dental plaque index (ODPI). The patients were randomly divided 
into two groups to receive mouthwash using solutions containing Boswellia or 
chlorhexidine. Data were analyzed using the Kolmogorov–Smirnov test, analysis 
of variance, independent samples, and paired t‑tests. Results: Most of the patients 
were male  (76.67%), with a smoking background  (60%) and in the age range of 
18–38 years. The two groups did not significantly differ in terms of demographic 
characteristics  (P  >  0.05). The mean ODPI  was 0.89  ±  0.07 at baseline in the 
Boswellia group and changed to 0.67  ±  0.05 after the intervention  (P  <  0.001). 
Furthermore, the mean ODPI was 0.93  ±  0.03 in the chlorhexidine group and 
change to 0.77  ±  0.09 after the intervention  (P  <  0.001). Conclusions: Both 
Boswellia and chlorhexidine mouthwashes were effective in the prevention of 
dental plaque in patients under mechanical ventilation.
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Nursing interventions such as mouth care have a crucial 
role in the prevention of VAP. However, oral care 
policies vary from hospital to hospital and even within 
ICUs.[7] The oral cavity, teeth, gums, tongue, and palate 
are the sources for different pathogens, and a strong 
relationship has been shown between poor oral hygiene, 
development of dental plaque, and the occurrence of 
VAP.[1]

Dental plaque is the community of microorganisms 
found on a tooth surface as a biofilm, embedded in a 
matrix of polymers of host and bacterial origin.[8] The 

Original Article

Introduction

H ospital‑acquired infections  (HAIs) are among 
the major health problems and increase the 

patient’s length of stay, mortality, and hospital 
costs. Hospital‑acquired pneumonia is one of the 
most common HAIs, accounting for 15% of these 
infections.[1] About 1 in 10 of the people admitted 
to a hospital[2] and 30% of patients admitted 
to the intensive care units  (ICUs) acquire such 
infections.[3] Ventilator‑associated pneumonia  (VAP) is 
a subset of hospital‑acquired pneumonia, accounting 
for the majority of the cases of acquired pneumonia 
in the ICUs and usually occurs in patients who are 
on a ventilator for more than 48  h.[4,5] In developing 
countries, like Iran, VAP occurs in 10%–41% of ICU 
patients. This rate varies from 9 to 18.5/1000 ventilator 
days in different countries.[1,6]
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structure of the dental plaque safeguards microbial 
communities in the biofilms against antimicrobial 
agents, and they gradually display a novel phenotype 
that enhances their pathogenicity.[9] Dental plaque can 
be destroyed by the mechanical and chemical methods. 
Mechanical methods, especially tooth brushing, are the 
most effective way for removing bacterial colonies and 
dental plaques and are contraindicated only in patients 
with coagulation disorders.[7] However, because of the 
ease of use in patients, some ICU nurses prefer chemical 
methods over to mechanical ones.[10]

Various mouthwashes are available in the market; 
among them, chlorhexidine is the most popular and 
has been recognized as the primary agent for chemical 
plaque control.[11] The effect of chlorhexidine in the 
prevention of bacterial colonization and VAP has been 
addressed in several studies.[12‑14] However, some studies 
reported that compared to placebo, chlorhexidine did not 
produce significant differences in bacterial colonization 
or the incidence of VAP.[15,16] Moreover, the Center for 
the Disease Control and Prevention does not recommend 
the routine use of chlorhexidine[13] because of its side 
effects such as teeth discoloration, unfavorable taste, 
oral mucosal lesions, and parotid swelling.[11,17]

Due to the side effects of chlorhexidine, researchers 
have tried to examine some other mouthwashes. Herbal 
mouthwashes might act as a good and cost‑effective 
substitute for oral hygiene in ICU patients.[11,18,19] 
A study examined the effect of orthodentol  –  a 
mouthwash containing the extract of Khouzestani 
Savory  –  on oral hygiene of patients under mechanical 
ventilation and reported that it was as effective as 
chlorhexidine.[18] Another study also compared the 
effect of a herbal mouthwash  (containing cinnamon and 
Terminalia chebula) and chlorhexidine and reported that 
the two mouthwashes were equally effective in reducing 
the dental plaque level.[11] A recent clinical trial has also 
investigated the effect of frankincense  (Boswellia) in 
the treatment of moderate plaque‑induced gingivitis and 
reported its effectiveness.[19]

Boswellia is an herbal extract taken from the Boswellia 
serrata tree. It has been used for centuries in Asian and 
African folk medicines, and it is available as a resin, pill, 
or cream.[20] Boswellia and its active ingredients, such as 
Boswellic acid, can selectively inhibit the 5‑lipoxygenase 
pathway, and therefore, inhibit the cellular inflammatory 
cascade.[21] As a result, Boswellic acid and Boswellia 
extract have been used in inflammatory diseases.[19] 
A study has also reported that Boswellia extract may 
improve gingival inflammation by decreasing the 
severity of dental plaque.[21] However, scientific research 
into its effects is just beginning. No acute or chronic 

adverse effect has been reported for Boswellia, and this 
guaranteed the low risk of daily use of this remedy.[19] 
However, no previous study has actually assessed the 
effect of Boswellia extract on dental plaque. Hence, the 
question still remained unanswered that can Boswellia 
extract prevent the dental plaque formation in patients 
under mechanical ventilation? Therefore, the present 
study was conducted to fill this gap.

Objectives
The purpose of this study was to compare the effect of 
two types of mouthwash containing chlorhexidine or 
Boswellia on the prevention of dental plaque formation 
in ICU patients under mechanical ventilation.

Methods
Study design and participants
This clinical trial was conducted on patients who were 
under mechanical ventilation in the ICU of Ayatollah 
Kashani Hospital in Isfahan, Iran, from January to 
August 2018.

The sample size was calculated using the results of 
a former study in which Boswellia was used to treat 
gingivitis. The mean ± standard deviation of the baseline 
gingival index in the group received Boswellia extract 
was 1.51  ±  0.23 and decreased to 0.78  ±  1.23 on day 
14.[19] Then, with an α of 0.01, β of 0.20, S1 of 0.23, 
S2 of 1.23, µ1 of 1.51, and µ2 of 78, the sample size 
was estimated to be 35 for each group. However, for 
compensating probable attritions and achieving more 
reliable results, we recruited 45 patients in each group.

The inclusion criteria were as follows: being at 
the age of 18  years old or over, not having a 
tracheal tube before ICU admission, insertion of 
the tracheal tube after ICU admission, passing no 
more than 24–48  h from hospital admission and 
intubation, receiving mechanical ventilation, lack of 
clinical signs of pneumonia at the start of the study, 
receiving no antibiotic from 2  weeks before hospital 
admission, not being pregnant, no history of allergy to 
Boswellia and other herbs, lacking any coagulopathy 
and immunosuppressive disorder, receiving no 
immunosuppressive medications, including steroids, 
having a white blood cell count of 4000 or over, a 
minimum neutrophils and platelet count of 2000 and 
40000, respectively, an INR of more than two, and 
earning an illness severity scores of  <40 based on the 
Simplified Acute Physiology Score Scale.

The exclusion criteria were as follows: discharging from 
the ICU before the completion of the study, death of the 
patient, use of another mouthwash during the study, and 
the patient’s family’s reluctance to continue the study.
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In the present study, 90  patients with the inclusion 
criteria have consecutively entered the study and were 
randomly and equally assigned to a control and an 
experimental group. The randomization was performed 
using computer software. The consort flow diagram of 
the study is presented in Figure 1.

Instruments
The data were collected using a two‑part instrument. The 
first part contained questions on demographics such as 
age, sex, smoking habit, history of chronic comorbidities, 
and previous hospital admissions, level of consciousness, 
the reason for undergoing mechanical ventilation, and 
also the name of the ward. The second part of the 
instrument was a checklist based on the O’Leary index 
used to record the dental plaque index (DPI). This index 
is valid and common in determining the incidence of 
dental plaque, and its reliability has been assessed in an 
earlier study through the Pearson correlation coefficient 
is 0.99.[22]

The DPI was calculated using the O’Leary index. To 
this end, first, the patient’s mouth was rinsed with plain 
water and the surfaces of his/her teeth were tinctured 
with a disclosed agent dye to facilitate the detection 
of dental plaques. Next, the resulted discoloration of 
different surfaces of each tooth was evaluated. For this 
purpose, using an explorer, each stained surface was 
examined for soft accumulations at the dentogingival 
junction. When found, they were recorded by making a 
dash/red color in the appropriate spaces on the record 
form. Finally, as illustrated in Box  1, the number of 
discolored surfaces was divided by the total number 
of teeth multiplied by four  (or the total number of the 
stained surfaces) and expressed as a percentage.[22]

Intervention
Boswellia extract was purchased from a prestigious 
store of medicinal plants and then by a pharmacist at 
the pharmacy laboratory of Islamic Azad University of 
Isfahan  (Khorasgan Branch) and was solved in ethanol 
solution at a concentration of 80 mg/ml (0.8%).

Mouth care in the intervention group was done using 
0.8% Boswellia mouthwash, but in the control group, it 
was done using 12.2% chlorhexidine mouthwash. The 
number, time, and manner of mouthwash were identical 
in both groups.

In the intervention group, mouthwash was done using a 
cotton swab dipped in Boswellia extract solution for 4 
consecutive days, twice a day (i.e., at 8 a.m. and 8 p.m.). 
Each time 20 ml of the mouthwash was used to care for 
all oral areas, including internal and external surfaces of 
the teeth. The oral cavity was suctioned before and after 
the procedure. At the presence of the first researcher, 
all the mouthwash procedures were conducted by six 
experienced ICU nurses who were retrained for this study.

Without knowing that the patient was in which group, 
an experienced anesthesiologist measured the O’Leary 
plaque index for each patient both at the entry and at the 
end of the intervention.

Assessed for eligibility
(n = 120)

Excluded (n = 30)
- Not meeting inclusion
 criteria (n = 21)
- Refused to participate (n = 0)
- Other reasons (n = 9)

Randomized (n = 90)

Allocated to the chlorhexidine group Allocated to the Boswellia group

Lost to follow-up (give reason) (n = 0) Lost to follow-up (give reason) (n = 0)

Analyzed (n = 45) Analyzed (n = 45)

(n = 45)(n = 45)

Figure 1: Consort flow diagram of the study

Box 1: An example of dental plaque index calculation
Assume a patient with the following plaque accumulation

Upper jaw: 34 plaque containing surfaces
Lower jaw: 36 plaque containing surfaces. The total available 
surfaces for the upper and lower jaw were, in this example, 
52 and 48, respectively: Plaque index=The number of plaque 
containing surfaces/the total number of available surfaces 
(34 + 36)/(52 + 48)=70/100=0.70
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Ethical considerations
This study was approved by the Ethics Committee 
of The Islamic Azad University, Isfahan (Khorasgan) 
Branch, Isfahan, Iran  (approval code: IR.IAU.KHUISF.
REC.1397.160). We received the needed permissions 
from the university and the authorities of the hospital 
and ICU. We also explained the goals and the procedures 
of the study and the voluntariness of participation 
to the patients or their legal guardians and written 
informed consent was obtained from them. All patients 
and their guardians were ensured that the participation 
in the study imposes them no risk or cost and that the 
participation is voluntary. They also were assured about 
the confidentiality of their personal information.

Data analysis
The data were analyzed using the SPSS version 
16 (SPSS Inc., Chicago, IL, USA). Descriptive 
statistics (i.e., frequency, percentage, mean, and standard 
deviation) were used to describe and classify the data. 
The Chi‑square or Fisher’s exact tests were used to 
compare the two groups in terms of demographic and 
clinical information. Furthermore, the independent and 
paired t‑tests were used for between and within the 
group comparisons of the DPI.

Results

In total, 90  patients in two 45‑patient groups were 
investigated in this study  [Figure  1]. The two groups 
did not differ significantly from each other regarding 
their demographic and clinical characteristics 
[P > 0.05, Table 1].

The baseline mean DPI in the chlorhexidine mouthwash 
group was 0.93  ±  0.03  (ranging from 0.81 to 1) which 
decreased to 0.77  ±  0.09  (ranging from 0.52 to 0.93) 
at the end of the study  (P  <  0.001). The baseline 
mean DPI in the Boswellia mouthwash group was 
0.89  ±  0.07  (ranging from 0.71 to 1) which decreased 
to 0.67 ± 0.05 (ranging from 0.51 to 0.78) (P < 0.001).

As shown in Table  2, the mean decrease in DPI in the 
Boswellia group was significantly greater than that of 
the chlorhexidine group  (P  <  0.001), which implies the 
greater effectiveness of Boswellia extract in decreasing 
the DPI.

Discussion

The present study showed that the use of both Boswellia 
extract and chlorhexidine reduces the formation of 
dental plaque in patients under mechanical ventilation. 
Although compared with chlorhexidine, the Boswellia 
mouthwash was more effective. This was the first 
study that examined the effect of Boswellia extract 

on the prevention of dental plaque, and no similar 
study is available in this regard. An earlier study has 
compared the effects of chlorhexidine and orthodentol 
mouthwashes on oral hygiene of patients who were 
under mechanical ventilation and found no significant 
difference between the two types of mouthwashes.[18]

Dental plaque plays an important role in the 
development of VAP, and it is hard to prevent and treat 

Table 1: Comparison of the baseline characteris of the 
two study groups

Variables Group P-valuea

Chlorhexidine Boswellia
Gender

Female 9 (10) 12 (13.33) 0.45
Male 36 (40) 33 (36.67)

Smoking habit
Yes 26 (28.89) 28 (31.11) 0.66
No 19 (21.11) 17 (18.89)

Having other 
comorbidities

Yes 18 (20) 19 (21.11) 0.83
No 27 (30) 26 (28.89)

Previous hospital 
admissions

Yes 3 (3.33) 2 (2.22) 0.99b

No 42 (46.67) 43 (47.78)
Level of consciousness

<8 26 (28.86) 25 (27.78) 0.83
>8 19 (21.11) 20 (22.22)

Reason for mechanical 
ventilation

Decreased 
consciousness

20 (22.22) 20 (22.22) 0.69

Abdominal surgery 12 (13.33) 15 (16.67)
Other reasons 13 (14.44) 10 (11.11)

Type of the ICU
Special 11 (12.22) 13 (14.44) 0.86
General 11 (12.22) 9 (10)
Surgery 9 (10) 11 (12.22)
Neural 14 (15.56) 12 (13.33)

Age (years)
18-38 18 (20) 20 (22.22) 0.15
39-58 15 (16.67) 20 (22.22)
>58 12 (13.33) 5 (5.56)

ICU: Intensive care unit; aChi-square, bFisher test

Table 2: Comparison of mean dental plaque index in the 
two groups before and after the intervention

Time Group P-value
Boswellia Chlorhexidine

Before 0.89 ± 0.07 0.93 ± 0.03 0.0007
After 0.67 ± 0.05 0.77 ± 0.09 <0.0001
Mean changes 0.21 0.15 <0.001
P-value <0.001 <0.001
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it in ICU patients and especially in those who are under 
mechanical ventilation.[23] In general, all patients may 
have poor oral hygiene, but patients under mechanical 
ventilation and those hospitalized in ICUs are more 
prone to poor oral hygiene due to having a tracheal tube. 
Dryness of the mouth because of its long‑term opening 
and the use of immunosuppressive medications and 
antibiotics will also lead to inflammation of the mouth 
and gums, tooth decay, dental plaques, and infection of 
the tissues around the teeth.[18,24] Although nurses are 
responsible to perform oral hygiene for ICU patients; 
however, studies have shown that oral hygiene is usually 
neglected in ICU patients and a significant number of 
patients admitted in ICUs have poor oral hygiene.[10,25] 
Lack of equipment, time and staff, and the difficulty of 
the procedure have been cited as the barriers of doing 
this important nursing care.[23] Due to the difficulty of 
mechanical mouth care in ICU patients, some chemical 
mouthwashes have been introduced and recommended 
to be used in these patients.[7,26]

Chlorhexidine is a broad‑spectrum antibacterial agent 
and is widely used as a mouthwash for reducing 
microbial contamination of the oral cavity.[18] However, 
there is controversial evidence about it. A study reported 
that when used for longer than 4  weeks, chlorhexidine 
mouthwash can lead to tooth staining and a build‑up of 
chalky deposits on the teeth.[27] Another study reported 
that there is insufficient evidence to determine the 
reduction in gingivitis and dental plaque associated with 
chlorhexidine mouth rinse.[28] Due to the inconsistencies, 
a number of other materials have been investigated, 
including some herbal mouthwashes. Pomegranate, 
aloe, green tea, and Boswellia are among the herbs 
exerting beneficial effects in gingivitis. They could act 
through several mechanisms such as decreasing the 
gingival inflammation and inhibition of dental plaque 
formation.[29]

Boswellia or Indian frankincense is a herbal product that 
has been studied for antimicrobial, anti‑inflammatory, 
immune boosting, and its effects on the elimination of 
oral and digestive bacteria.[19,21] It has no important side 
effects, especially when used as mouthwash.[30] Although 
there was evidence on the effectiveness of Boswellia in 
plaque‑induced gingivitis;[31] however, no previous study 
directly assessed its effect on dental plaque and for the 
first time, we did so.

The strength of this article is that it is the first study 
on the effect of Boswellia on dental plaque in ICU 
patients. The short time and approximately small sample 
size and also not using a toothbrush are among the 
limitations of the present study. Therefore, larger and 
multicenter studies are still suggested to examine the 

effect of Boswellia mouthwash with brushing. Although 
we randomly allocated the patients in the study groups, 
the baseline DPI was significantly different in the two 
groups. However, we ignored this point because we 
were going to investigate the effects of the two types of 
mouthwash in the prevention of dental plaque formation 
or its progression. Moreover, although we tried to keep 
the subjects and the examiner blind to the type of the 
intervention, however, the odor of the materials may 
affected the blindness of the examiner.

Conclusions

Based on the results of the present study, it can be 
concluded that Boswellia extract mouthwash was more 
effective than chlorhexidine in the prevention of dental 
plaque. As Boswellia has no important side effects, 
nurses can use it mouthwash in the routine oral care of 
patients who are under mechanical ventilation.
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