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Objective: To evaluate the effectiveness of dental treatment in improving oral health in critical patients. Methods: This
randomised clinical trial was conducted in a general intensive care unit (ICU) at a tertiary care public facility from 1 Jan-
uary 2011 to 8 August 2013. Data from 254 adult patients staying in the ICU for 48 hours or more were analysed. The
experimental group (n = 127) had access to dental treatment provided by a dentist four to five times a week, in addition
to routine oral hygiene, whereas the control group (n = 127) had access only to routine oral hygiene, including topical
application of chlorhexidine, provided by the ICU nursing staff. The baseline oral health status of the enrolled patients
was poor and included edentulism, caries, gingivitis, periodontitis and residual roots. Dental treatment consisted of
toothbrushing, tongue scraping, removal of calculus, scaling and root planing, caries restoration and tooth extraction.
Results: The Oral Hygiene Index Simplified (OHI-S) and Gingival Index (GI) scores decreased in the experimental group
but did not change significantly in the control group during the ICU stay. Dental treatment prevented most of the epi-
sodes of respiratory tract infections, as previously reported. No severe adverse events from the dental treatment were
observed. Conclusion: From an interprofessional perspective, our results support the idea of including dentists in the ICU
team to improve oral health in critical patients and effectively prevent respiratory tract infections, in addition to the
improvement achievable by applying chlorhexidine alone.
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INTRODUCTION

As a paradox of the epidemiological transition, the inci-
dence and prevalence of healthcare-associated infections
(HAIs) have increased in parallel with the development
of healthcare technology over the past century and, to
date, HAIs are a major public health concern in high-,
middle- and low-income countries1–7. Respiratory tract
infections (RTIs) are among the most common and life-
threatening HAIs and affect primarily critical patients
admitted to intensive care units (ICUs)6,8–11. The crude
mortality rate associated with ventilator-associated
pneumonia, the most frequent respiratory tract infection
in the ICU, ranges from 0% to 60%, and the attributa-
ble mortality rate is estimated to be ≥13.0%9.
It is assumed that, in most cases, RTIs begin with

the colonisation of the lower respiratory tract by

pathogenic bacteria from the oral cavity, and an
important risk factor for RTIs is poor oral health12–
14. A pioneering study conducted by our research
group demonstrated that dental treatment performed
by a dentist in a general ICU was effective in prevent-
ing lower RTIs15. The objective of this study was to
describe the dental care procedures implemented and
oral health outcomes observed in that study to allow
replication of this intervention in other ICUs.

MATERIALS AND METHODS

This study is a secondary analysis of a randomised
clinical trial conducted according to the CONSORT
(Consolidated Standards of Reporting Trials) state-
ment16 in a nine-bed general ICU at a public tertiary
care facility at the University Hospital of the Ribeir~ao
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Preto Medical School from 1 January 2011 to 8
August 2013. Any adult patient admitted to the ICU
was considered eligible to participate in the study if
they were expected to stay in the ICU for at least
2 days. Pregnant women and patients with blood dys-
crasias were excluded.
The study protocol was reviewed and approved by

the Human Research Ethics Committee, namely
‘Comitê de �Etica em Pesquisa em Seres Humanos do
Hospital das Cl�ınicas de Ribeir~ao Preto’, and com-
plied with the ethical principles of the World Medical
Association Declaration of Helsinki17. Written con-
sent was obtained from all participating patients or
relatives in cases in which the patients presented a
reduced level of consciousness. The study protocol
was registered in The Brazilian Clinical Trials Registry
(RBR-89CP93), which is affiliated to the World
Health Organization (WHO) International Clinical
Trial Registry Platform (Unified Trial Number U1111-
1152-2671).
The dentist randomised the eligible patients by roll-

ing a dice: an even number indicated that the patient
should be included in the experimental group, whereas
an odd number indicated that the patient should be
allocated to the control group. The patients and dentist
were not blinded to the study allocation because of the
intrinsic nature of the intervention. However, a nurse
from the infection control service was blinded to the
patients’ allocation in order to collect clinical outcomes
other than those related to the oral cavity.
The intervention group had access to dental treat-

ment that was provided by a single dentist upon
admission of patients to the ICU and four to five
times a week thereafter until death or ICU discharge,
in addition to access to the usual oral hygiene proto-
col, which was provided by the ICU nursing staff
three times a day. The intervention consisted of tooth-
brushing with a child toothbrush (Baby 2TM; Dental
Line Robodente, Ribeir~ao Preto, Brazil), tongue scrap-
ing, removal of calculus, scaling and root planing,
atraumatic restorative treatment (ART) of caries18,19

and tooth extraction, according to the patient’s need.
Toothbrushing was performed using a toothpaste
without sodium lauryl sulphate because this ingredient
might affect the antimicrobial activity of chlorhexi-
dine20. Microaspiration was avoided by assessing the
endotracheal tube cuff pressure before dental treat-
ment sessions, and adjusting the pressure to 20–
30 cmH2O if necessary.
The control group had access only to the routine

oral hygiene protocol, consisting of mechanical cleans-
ing of the oral cavity with a spatula wrapped in
gauze, followed by topical application of 0.12%
chlorhexidine solution or 2.0% chlorhexidine gel,
according to the level of consciousness of the patient.
A 2.0% chlorhexidine gel was used for unconscious

patients; however, its bitter taste limited application
of this gel to fully conscious patients and therefore
0.12% chlorhexidine solution was used in such patients.
These products were formulated in-house by pharma-
cists. The procedures were repeated daily, three times a
day, for all patients included in the study.
Data were collected prospectively from the medical

records or directly from the clinical examination of
patients by the dentist. The study groups were com-
pared at baseline by evaluating demographic and clin-
ical characteristics, including oral health status, and
this variable was scored according to the Oral
Hygiene Index Simplified (OHI-S) and Gingival Index
(GI)21,22. The primary study outcome was the inci-
dence of lower RTI, and the results were reported
elsewhere15. The secondary outcomes presented in this
study were OHI-S and GI and were evaluated on days
4, 7, 14, 21 and 28 of ICU admission.
The software Stata version 9.0 (StataCorp., Col-

lege Station, TX, USA) and R version 3.3.2 (The R
Foundation for Statistical Computing, Vienna, Aus-
tria) were used for data analysis. The Mann–Whit-
ney test with Bonferroni correction for multiple
comparisons was used to compare OHI-S and GI
scores between the study groups during the ICU
stay. The non-parametric analysis of variance
(ANOVA) for repeated measures was used to anal-
yse the presence of an interaction between time and
group allocation for the changes observed in OHI-S
and GI scores23. A two-tailed Fisher’s exact test was
used to compare the incidence of adverse events
between the study groups. Sample size was calcu-
lated based on the rate of lower RTI in the ICU
(20.0%) using an a of 5% and study power (1 � b)
of 80%. The number of patients required in each
group was estimated to be 147, considering a 60%
decrease in the rate of lower RTI.

RESULTS

The flowchart of patient recruitment and inclusion is
shown in Figure 1. Of the 585 patients initially
screened, 294 were enrolled, including 150 in the
experimental arm and 144 in the control arm. Patients
who died or were discharged within the first 48 hours
of ICU stay were not included in the final analysis.
Therefore, the per-protocol population included the
enrolled patients who remained in the ICU for at least
2 days.
The analysis of clinical and demographic features of

the study populations at baseline indicated that the
randomisation strategy adopted yielded appropriate
allocation (Table 1). Although the mean age was
slightly higher in the control arm than in the experi-
mental arm (mean ages of 60.1 and 53.4 years,
respectively), these two groups were severely ill to a
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similar extent, with a mean Acute Physiology and
Chronic Health Evaluation II (APACHE II) score of
23.3 and 21.7, respectively24.
Examination of the oral cavity at ICU admission

revealed that both study populations had poor oral
health status (Table 2). In this respect, the rate of
complete edentulism was 44.9% (57/127) and 31.5%
(40/127) in the control and experimental groups,
respectively. Caries, gingivitis, residual roots and peri-
odontitis were also common in these groups. The
median baseline OHI-S was 2.3 (interquartile range:
1.7–3.0) for the control group and 2.0 (interquartile
range: 1.5–2.5) for the experimental group.
The proportion of patients in the experimental

group who received dental treatment as needed is
shown in Table 3. Except for tongue scraping and
topical application of chlorhexidine, which were per-
formed in all experimental patients (n = 127), other
procedures were considered applicable only for
patients presenting with at least one tooth or one
residual root (n = 87).
The OHI-S scores in the two study groups during

the ICU stay are shown in Figure 2. The median

scores were similar between the study groups but were
decreased more strongly in the experimental group
after day 4 and remained significantly lower than
those in the control group until day 21 of ICU admis-
sion. Moreover, there was a significant interaction
between time and group allocation as a determinant
of OHI-S evolution during ICU stay (P = 0.021).
The GI scores in the two study groups during the

ICU stay are shown in Figure 3. The median scores
were initially similar between the study groups; how-
ever, over time, the scores became lower in the experi-
mental group and higher in the control group.
Differences between the groups were statistically sig-
nificant on days 4, 7, 14 and 21 after admission to
the ICU. Furthermore, there was a significant interac-
tion between time and group allocation as a determi-
nant of evolution of the GI during the stay in the ICU
(P < 0.001).
The adverse events possibly caused by dental treat-

ment or general oral care in the study period are
shown in Table 4. The most common side effects
were minor intra-oral bleeding and mucosal irritation
and were more common in patients in the

Figure 1. Flowchart of the inclusion criteria. ICU, intensive care unit.
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experimental group; however, these side effects did
not prevent patients from continuing treatment or
enrolling in the study. No severe adverse events poten-
tially related to oral care were observed in the study
period.

DISCUSSION

Various studies evaluated the topical application of
oral antiseptics for preventing lower RTIs in critical
patients, but the results were ambiguous. Some studies

found that this procedure prevented such infections25–31,
whereas other studies reported that this procedure
had no clinical impact32–35. Our first hypothesis is
that oral antisepsis may be effective only if used by
patients with good oral health status because large
microbial populations present in dental plaque and
periodontal pockets are inaccessible to topical antisep-
tics36,37, and this explains why chlorhexidine was
more effective in patients undergoing elective cardiac
surgery and practicing meticulous oral hygiene than in
critical patients, who are usually intubated in an
emergency situation and have poor oral health
status32,38–40. Therefore, we believe that good oral
hygiene should be practiced by critical patients to pro-
mote the microbicidal activity of the antiseptic applied
to the oral cavity13. In this clinical trial, dental treat-
ment prevented approximately 56% of lower RTIs

Table 1 Baseline clinical and demographic characteristics of patients subjected to routine oral care or dental treat-
ment when admitted to the intensive care unit (ICU)

Baseline clinical and demographic characteristics Routine oral care* n = 127 Dental treatment* n = 127

Demographic characteristics Male sex 66 (52.0) 67 (52.8)
Mean age (years) 60.1 � 17.5 53.4 � 18.3

Clinical characteristics LOS prior to ICU admission (days) 11.7 � 13.3 13.2 � 17.5
Diabetes mellitus 33 (26.0) 42 (33.0)
Hypertension 68 (53.5) 57 (45.0)
Renal failure 67 (52.8) 53 (41.7)
Hepatic failure 15 (11.8) 15 (11.8)
Heart failure 20 (15.7) 21 (16.5)
Cerebral vascular disease 14 (11.0) 14 (11.0)
Respiratory infections 38 (29.9) 46 (36.2)
HIV/AIDS 5 (3.9) 3 (2.4)
Malignancy 44 (34.6) 38 (29.9)
Coronary disease 15 (11.8) 10 (7.9)
COPD 20 (15.7) 20 (15.7)
Autoimmune disease 19 (15.0) 18 (14.2)
Obesity 36 (28.3) 90 (70.9)
Malnutrition 26 (20.5) 15 (11.8)
APACHE II score 23.3 � 7.7 21.7 � 8.0
Estimated risk of death 47.3 � 26.1 44.4 � 26.1

Reasons for ICU admission Respiratory failure 91 (71.6) 101 (79.5)
Shock 72 (56.7) 66 (51.2)
Compromised mental status 44 (34.6) 37 (29.1)
Major surgery, postoperative 26 (20.5) 23 (18.1)

APACHE II, Acute Physiology and Chronic Health Disease Classification System II; AIDS, acquired immune-deficiency syndrome; COPD,
chronic obstructive pulmonary disease; HIV human immunodeficiency virus; LOS, length of stay.
*Data are presented as n (%) of patients for categorical variables and as mean � standard deviation for continuous variables.

Table 2 Oral health status of patients subjected to a
routine oral care protocol or dental treatment when
admitted to the intensive care unit (ICU)

Characteristics Routine oral
care* n = 127

Dental treatment*
n = 127

Complete edentulism 57 (44.9) 40 (31.5)
Caries 38 (29.9) 36 (28.3)
Residual roots 25 (19.7) 18 (14.2)
Gingivitis 65 (51.2) 74 (58.3)
Periodontitis 44 (34.6) 31 (24.4)
Intra-oral abscess 2 (1.6) 0 (0)
Mucositis 8 (6.3) 8 (6.3)
Intra-oral candidiasis 3 (2.4) 1 (0.8)
OHI-S† 2.3 (1.7–3.0) 2.0 (1.5–2.5)

*Data are presented as n (%) of patients for categorical variables
and as median (interquartile range) for Oral Hygiene Index Simpli-
fied (OHI-S).
†OHI-S classification: 0–1.0, satisfactory; 1.1–2.0, regular; 2.1–3.0,
deficient; 3.1–6.0, poor.

Table 3 Percentage of critical patients from the
experimental group subjected to different dental pro-
cedures as needed

Dental procedure Proportion of patients

Tongue scraping 127/127 100%
Chlorhexidine application 127/127 100%
Teeth brushing 87/87 100%
Removal of calculus 63/87 72.4%
Scaling and root planing 31/87 35.6%
Atraumatic restorative treatment of caries 8/87 9.2%
Tooth extraction 1/87 1.2%
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compared with the control group (adjusted relative
risk, 0.44; 95% confidence interval, 0.20–0.96;
P = 0.04), as previously reported15.

Our second hypothesis is that dentists are needed in
the intensive care team because of their training and
skills in performing procedures required by critical

Figure 2. Box plot of the evolution of the Oral Hygiene Index Simplified (OHI-S) scores in both study groups from day 1 (baseline) to day 28 of inten-
sive care unit (ICU) admission. OHI-S classification: 0–1.0, satisfactory; 1.1–2.0, regular; 2.1–3.0, deficient; 3.1–6.0, poor. P-values refer to the compar-
ison of OHI-S scores between the study groups evaluated on the same day (Mann–Whitney test with Bonferroni correction). Interaction between time and
group allocation as a determinant of OHI-S evolution during the ICU stay (P = 0.021) was evaluated using non-parametric analysis of variance (ANOVA)

for repeated measures.

Figure 3. Box plot of the evolution of the Gingival Index (GI) scores in both study groups from day 1 (baseline) to day 28 of intensive care unit (ICU)
admission. GI classification: 0–1.0, light gingivitis; 1.1–2.0, moderate gingivitis; 2.1–3.0, severe gingivitis. P values refer to the comparison of GI scores
between the study groups evaluated on the same day (Mann–Whitney test with Bonferroni correction). Interaction between time and group allocation as a

determinant of the GI evolution during the ICU stay (P < 0.001) was evaluated using non-parametric analysis of variance (ANOVA) for repeated
measures.
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patients during their ICU stay, including restoration
of caries, scaling and root planing, removal of calcu-
lus, draining of intra-oral abscesses and tooth extrac-
tion41,42. Although the ICU nursing staff plays an
important role in promoting oral hygiene, studies have
demonstrated that toothbrushing is insufficient to pre-
vent RTIs43–45. Our results indicated that patients
treated by dentists had better OHI-S and GI scores
than patients treated exclusively by the nursing staff
during the ICU stay. A dental hygienist may be able
to perform some of the described procedures46,
including removal of calculus and tongue scraping,
leaving only the most specific procedures (such as
tooth restoration and extraction) to be performed by
a dentist. However, more studies are needed to con-
firm this assumption. Notwithstanding, our results
demonstrate the clinical benefits of interprofessional
and coordinated care of critical patients.
Although cost–benefit and cost-effectiveness analy-

ses were not performed, the number-needed-to-treat
was calculated to avoid one episode of lower RTI,
which was estimated to be 10.5. This low number
suggests that including a dentist in the intensive care
team may be cost-effective, taking into account that
one single episode of ventilator-associated pneumonia,
the most common nosocomial RTI, may result in an
extra cost of up to US$ 39,82847–49.
Although adverse events were more common in

patients in the experimental group, these events were
mild or moderate and did not affect patient enroll-
ment, confirming the safety of the intervention. How-
ever, it should be highlighted that patients with blood
dyscrasias were excluded from the trial, and thus
safety data were not obtained for this population, and
this group might experience major intra-oral bleeding
during dental procedures.
Our study presents at least two limitations. First,

our results may not be readily generalisable to all crit-
ical care patients because the less critical and most
critical patients stayed for fewer than 48 hours in the
ICU and therefore were excluded from the study.

Furthermore, the clinical impact of the intervention
may be lower in ICU populations with good oral
health status at baseline.
Second, our data may be susceptible to measure-

ment bias because the blinding of patient and dentist
was not feasible in view of the intrinsic nature of the
intervention. However, this limitation seems unlikely
because the primary study outcome (rate of RTIs) was
evaluated by a blinded investigator and yielded results
consistent with the data presented herein.

CONCLUSION

From the perspective of interprofessional practice, our
results support the idea of including a dentist in the
intensive care team to improve the oral health status
of critical patients, in addition to the improvement
achievable by applying chlorhexidine alone, thus
preventing lower RTIs more effectively.
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