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Introduction: Nosocomial infections such as surgical site infections 
(SSI) and postoperative pneumonia significantly contribute to 
a patient’s morbidity and mortality. This systematic review and 
meta-analysis evaluate the effectiveness of oral hygiene programs 
in reducing the incidence of nosocomial infections and related 
postoperative complications among all surgical patients. 
Methods: The systematic review and meta-analysis were conducted 
in line with the Cochrane Handbook for Systematic Reviews of 
Interventions. Medline and the Cochrane controlled trials (CENTRAL) 
databases were searched. Two review authors independently selected 
the trials and extracted the outcome data. The risk of bias of each 
included study was assessed independently by two review authors 
using the tool recommended in the Cochrane Handbook for Systematic 
Reviews of Interventions. Meta-analysis was performed when more 
than one trial reported the same outcome for the same comparison. 
Results: 29 systematic reviews and 59 randomized controlled trials 
were included in the review. Thirty-two trials compared chlorhexidine 
with placebo, 7 trials povidone iodine with placebo, 7 trials topical 
antibiotics with placebo, 1 trial essential oils with placebo, 3 trials 
other agents with placebo, and 5 trials toothbrushing with no 
toothbrushing. Five trials compared one agent with another agent, 
and 1 trial compared dosings and frequencies of chlorhexidine use. 
Chlorhexidine was associated with a reduced risk of nosocomial 
infection, nosocomial pneumonia, ventilator-associated pneumonia 
(VAP), and shorter hosptial stay, and no significant impact on 
surgical site infection rates, ventilator days and mortality. Povidone 
iodine did not show any significant benefit on reducing VAP rates, 
ventilator days, ICU days, or mortality when compared against 
placebo. Hexetidine,when compared with placebo showed similar 
incidences of VAP. Topical oral antibiotics did not provide significant 
reduction on VAP rates, ventilator days, ICU days and mortality rates, 
compared with placebo.
Conclusion: Oral hygiene offers benefits in terms of lower rates of 
nosocomial infection, nosocomial pneumonia, ventilator-associated 
pneumonia, surgical site infection, shorter ICU stay, less ventilator 
days and lower oral colonization / colony counts.  

Nosocomial infections such as surgical site infections 
(SSI) and postoperative pneumonia significantly 
contribute to a patient’s morbidity and mortality. 
They increase length of  hospital stay and need for 
medications, leading to additional health care costs and 
use of health care resources.1 Nosocomial respiratory 
infections account for approximately 10-15% of all 
hospital acquired infections, with 20-50% mortality 
among affected patients.2

 Among the proposed mechanisms causing nosocomial 
infections among surgical patients, swallowing and 
aspiration of pathogenic microorganisms in the oral 
cavity is of particular interest.3 Oral secretions are also 
contaminated by dental plaque colonized with respiratory 
pathogens.4 Patients in the intensive care unit (ICU) 
setting are at increased risk of accumulating dental 
plaque and subsequently also at risk for ventilator-
associated pneumonia. This is due to the hundred-fold 
increase in the number of bacteria in oropharyngeal 
fluid among mechanically ventilated patients, whether 
by oral intubation or by tracheostomy when compared 
with levels prior to intubation.5 Apart from having 
swallowing difficulties, inadequate oral hygiene and lack 
of self-care, this is also impacted by administration of 
medications, compromised immune system, dehydration 
and hyposalivation.6

 Previous research has evaluated the potential of 
oral hygiene management in preventing nosocomial 
infections and postoperative complications, much of it 
in cardiac and thoracic surgery patients. In a systematic 
review evaluating perioperative systematic oral hygiene 
among patients who underwent elective thoracic surgery, 
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all studies pointed to the reduction of the number 
of postoperative infections as a result of systematic 
decontamination of the nasopharynx and/or oropharynx.2 
Two systematic reviews found that oral chlorhexidine was 
effective for the prevention of nosocomial pneumonia and 
ventilator-associated pneumonia in the adult population 
of the cardiothoracic intensive care unit.1,7 Subgroup 
analysis suggested that cardiac surgery patients had the 
greatest benefit from oral antiseptic use (RR 0.41; 95% 
CI 0.17-0.98, p=0.05).7 The Center of Disease Control 
of America recommends the use of chlorhexidine at 
a concentration of 0.12% among patients undergoing 
cardiovascular surgery for the prevention of pneumonia 
during the pre-operative period.8 
 Evidence of the effectiveness of oral hygiene 
in preventing infection among the general surgical 
population is less well-documented. One study reported 
that perioperative oral hygiene reduced SSI risk after 
colorectal surgery and subsequently shortened hospital 
stays, and emphasized that perioral management should 
commence as soon as surgery is contemplated.3 In a 
separate study, a lack of preoperative oral management 
in patients undergoing hepatectomy was significantly 
associated with an increased risk of SSI (OR=10.17, 
p=0.035).9 
 Currently, there are no standard definitions of 
oral hygiene methods, which vary among institutions 
and include but are not limited to: mechanical aids 
to remove plaque and debris from the oral cavity (eg. 
toothbrushing, swabbing with water); topical or chemical 
disinfection to reduce colonization (eg. mouthwashes, 
sprays, liquids, or gels); a combination of mechanical 
and topical disinfection (eg. swabbing with an antiseptic, 
toothbrushing with antibacterial toothpaste, or daily 
toothbrushing plus antiseptic rinse); and professional 
dental care (eg. aided toothbrushing, suctioning to remove 
excess fluid). Antiseptics include agents such as saline, 
chlorhexidine, povidone-iodine and cetylpyridium. These 
measures have no specified duration or frequency and 
can be administered by caregivers, nurses, dental care 
professionals, or dentists.10 
 This systematic review and meta-analysis evaluates 
the effectiveness of oral hygiene programs in reducing 
the incidence of nosocomial infections and related 
postoperative complications among all surgical patients, 

with a view to providing a comprehensive overview 
of the current evidence base and inform guideline 
recommendations to the surgical community. 
 This report presents the findings of the systematic 
review in brief. The full report, including detailed 
assessments of the quality of the evidence, all meta-
analyses and forest plots, and discussion are available 
in the online appendix.

Methods

Only randomized controlled trials were included in the 
review. To ensure a strong evidence base, the authors 
included studies with several population types: studies 
with only surgical patients (i.e. operative cases and non-
operative cases usually attended to by surgeons, such as 
trauma cases), excluding dental surgery cases; studies 
with mixed surgical and medical populations; studies 
with ICU populations, which may be primarily medical 
but which did not specifically exclude surgical patients. 
Since the focus of this review is informing decisions 
about oral hygiene interventions for surgical patients, 
where meta-analysis was possible these populations 
were considered both separately and together to assess 
whether interventions were more or less effective in 
different types of population.
 Studies that compared the oral hygiene programs 
using various oral agents, techniques and various 
combinations of such, with placebo or usual care, or 
with any other of the interventions were included.   Oral 
care agents such as, but not limited to, chlorhexidine, 
povidone-iodine, oral topical antibiotics, essential oil-
based mouthwash, and hexetidine, were included.  The 
authors included studies that considered the following 
outcomes: nosocomial infection, nosocomial pneumonia, 
ventilator-associated pneumonia (VAP), surgical site 
infection (SSI), ventilator days, ICU stay, mortality, 
adverse events, and oral colony count.
 The systematic review and meta-analysis was 
conducted in line with the Cochrane Handbook for 
Systematic Reviews of Interventions.11 Medline and 
the Cochrane controlled trials (CENTRAL) databases 
were searched for all relevant publications, with no time 
restriction.  The following terms were used:  oral hygiene, 
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oral care, oral health, mouthwash, mouthrinse, nosocomial 
infection, nosocomial infection, nosocomial pneumonia, 
respiratory infection, surgical site infection. The search 
was restricted to clinical trials and systematic reviews, 
which were checked for additional studies. Two review 
authors independently screened the titles and abstracts 
for eligibility.  The full texts of all potentially eligible 
records were retrieved and screened independently by 
two review authors. 
 Two review authors independently extracted the 
outcome data of included studies. Study characteristics 
were obtained by one review author and a second 
review author checked the data for accuracy. (Study 
characteristics are reported in full in the online appendix). 
The risk of bias of each included study was assessed 
independently by two review authors using the tool 
recommended in the Cochrane Handbook for Systematic 
Reviews of Interventions.11 This included the assessment 
of bias in six domains: random sequence generation; 
allocation concealment; blinding of participants and 
personnel; blinding of outcome assessment; incomplete 
outcome data; selective reporting. Other sources of 
bias were also noted. At all stages, disagreements were 
resolved by discussion or by consulting a third review 
author. 
 Meta-analysis was performed when more than one 
trial reported the same outcome for the same comparison. 
The authors conducted intention-to-treat analyses 
were possible, and otherwise conducted available case 
analysis. No data were imputed. For dichotomous/
categorical outcomes, they used risk ratios (RR). For 
continuous outcomes, they used mean difference (MD) or 
standardized mean difference (SMD) with corresponding 
95% confidence intervals (CIs). A fixed effects model 
was used to calculate pooled estimates of treatment 
effect across similar studies. When visual or statistical 
heterogeneity was demonstrated, a random effects model 
was used.  Heterogeneity between studies was assessed 
by visual inspection of plots of the data, the Chi2 Q test 
for heterogeneity and the I2 statistics. They considered 
substantial heterogeneity present if I2 was greater than 
50%. They used funnel plots to assess heterogeneity 
of study effects if 10 or more studies investigating a 
particular outcome were included. For studies with 
more than two intervention groups, only the intervention 

groups relevant to the review were selected, or groups 
were combined to create a single pair-wise comparison 
where possible. Where meta-analysis was not possible, 
they used a narrative synthesis approach.  

Results

Search Results

 The database search identified 3,171 citations, of 
which 2,845 articles were excluded based on the title or 
abstract. Following the removal of 163 duplicates, 163 
full text articles were assessed for eligibility. Of these, 
75 were excluded based on eligibility criteria and a total 
of 88 articles were included: 29 systematic reviews and 
59 randomized controlled trials. No additional trials were 
identified upon review of the systematic reviews and 
these were subsequently excluded from further analysis. 
The Preferred Reporting Items for Systematic Review 
and Meta-analyses flow diagram of the study selection 
process is shown in Figure 1. 

Figure 1. Preferred reporting  items for systematic review and meta-
analyses flow diagram of  the study selection process.

Oral Hygiene for Improving Surgical Outcomes: A Systematic Review and Meta-analysis
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Included Studies

 Of all the 59 RCTs included, 15 involved surgical 
populations, 16 were mixed, and 22 involved 
predominantly medical or unspecified patients. Thirty-
two trials compared chlorhexidine with placebo, 7 trials 
povidone iodine with placebo, 7 trials topical antibiotics 
with placebo, 1 trial essential oils with placebo, 3 trials 
other agents with placebo, and 5 trials toothbrushing 
with no toothbrushing. Five trials compared one agent 
with another agent, and 1 trial compared dosings and 
frequencies of chlorhexidine use. Outcomes assessed 
were nosocomial infection, nosocomial pneumonia, 
ventilator-associated pneumonia, surgical site infection, 
mortality, ventilator days, ICU days, and adverse 
events. All articles were published in English. The 
characteristics of included studies are reported in the 
online appendix.  

Overall Quality of the Evidence

 Twelve out of 59 studies (20.34%) have a low risk 
of bias in all domains. Sixteen studies (27.12%) have 
an unclear risk of bias in at least one domain, while the 
rest (31/59 or 52.54%) have high risk of bias in at least 
one domain. The risk of bias per domain for the included 
studies overall is summarized in Figure 2. The risk of 
bias for each included study is reported in the forest 
plots and the characteristics of studies table in the online 
appendix. 

Figure 2. Overall graph on quality of  the evidence.

Intervention Outcomes

Use of Oral Care Agents

Chlorhexidine versus placebo / usual care

 Thirty-two trials compared chlorhexidine (2644 
patients) with placebo or usual care (2624 patients). Five 
studies, four with only surgical patients, reported on 
the incidence of nosocomial infection. Pooled analysis 
of all 5 studies suggested a significantly reduced risk 
of nosocomial infection with the use of chlorhexidine. 
Subgroup analysis showed similar results across 
population types.12-16

 Twenty-two studies, the majority involving mixed 
surgical and medical populations, reported on nosocomial 
pneumonia. Pooled analysis of all studies suggested that 
chlorhexidine significantly reduced the risk of nosocomial 
pneumonia.  Subgroup analysis showed similar results 
across population types.12-16, 17,18-33 
 Twenty-seven studies involving all population types 
reported on ventilator-associated pneumonia. Pooled 
analysis of all studies suggested a significantly reduced 
risk of ventilator associated pneumonia with the use of 
chlorhexidine. Subgroup analysis showed similar results 
across population types.13,15-31,33-41

 Four studies in surgical populations reported on 
surgical site infection (SSI). Pooled analysis of all studies 
suggested no significant reduction of the risk of SSI with 
the use of chlorhexidine.12,13,15,42 
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 Eight studies involving all population types reported 
on mechanical ventilation days. Pooled analysis of all 
studies suggested no significant effect on ventilator 
days with the use of chlorhexidine, although the trend 
was towards benefit. Subgroup analysis suggested no 
significant effect for any population type, but suggested 
the trend was towards benefit from use of chlorhexidine 
in the surgical and ICU populations and the opposite in 
the mixed population.15,17,19,23-25, 31,43 
 Seven studies involving all population types 
reported on ICU days. Pooled analysis of all studies 
suggested a significantly shorter ICU stay with the use 
of chlorhexidine. Subgroup analysis revealed differences 
between population types: while a significant reduction in 
ICU days was seen in surgical and ICU patients, little or 
no difference was seen in the mixed population.13,15-17,23-25

 Twenty studies involving all population types reported 
on mortality. Pooled analysis of all studies suggested 
no benefit with the use of chlorhexidine. Subgroup 
analysis showed similar results across population  
types.12-16, 18,19,21-26,28,29,31,33,34,36,38 

 Three studies involving all population types reported 
on adverse events. Pooled analysis of all studies 
suggested a significantly increased risk of adverse 
events with chlorhexidine.  Random effects analysis 
did not change this result. Subgroup analysis revealed 
differences between population types: while there was a 
trend towards reduced adverse events with chlorhexidine 
in ICU patients, the opposite was the case for surgical 
and mixed populations.  Reported adverse events were 
minor and included burning sensation and oral mucosa 
irritation, local urticaria, and teeth discoloration.12,29,44

 Eleven studies involving all population types (1236 
chlorhexidine, 1239 placebo/usual care) reported on 
colonization with respiratory pathogens. One study 
reported quantitative colony counts of pathogens, which 
suggested that chlorhexidine was more effective in 
reducing anaerobic than aerobic bacteria counts (1865 
times decrease versus 13 times decrease) after five 
minutes of washing and an overall lower absolute number 
of intra-oral bacterial counts compared to normal saline.42 
Nine studies reported only the qualitative presence or 
absence of respiratory pathogens, with six reporting a 
decrease in the number of positive cultures for Gram-
positive bacteria in the chlorhexidine group compared to 

the placebo group13,15, 23-25, 28, while there was little or no 
difference in the other studies.16,29,33 Outcome reporting 
was unclear in one study.31

Povidone iodine vs placebo / usual care

 Seven trials compared povidone iodine (333 patients) 
and placebo or usual care (362 patients). Four studies 
involving all population types reported on ventilator-
associated pneumonia. Pooled analysis of all studies 
suggested that povidone iodine conferred no benefit.  
Subgroup analysis based on population type suggested 
povidone iodine was associated with greater benefit in 
surgical patients than in other populations.43,45-47

 Three studies involving all population types reported 
ventilator days. Pooled analysis of all studies suggested 
a significant reduction in ventilator days with the use 
of povidone iodine. Subgroup analysis suggested that 
while povidone iodine was associated with a benefit 
in the mixed and ICU patients, there was little or no 
difference in surgical patients.46-48

 Two studies (surgical, mixed) reported on ICU days. 
Pooled analysis of the studies suggested povidone iodine 
was associated with little or no benefit. Subgroup analysis 
showed similar results across population types.43,46

 Three studies (surgical, mixed) reported on mortality. 
Pooled analysis of all studies suggested no benefit was 
associated with the use of povidone iodine. Subgroup 
analysis showed similar results across population 
types.43,46,48 
 Three small studies reported significant reductions 
in aerobic and anaerobic oral cavity bacterial counts 
associated with povidone iodine in surgical patients.42,49,50 

One study reported a decreased cuff contamination 
associated with povidone iodine in medical patients.47

 No included studies comparing povidone iodine and 
placebo/usual care reported on nosocomial infections, 
nosocomial pneumonia or adverse events.

Hexetidine versus placebo / usual care

 No clinical trial was identified that investigated 
the effectiveness of  hexetidine mouthwashes against 
placebo/usual care in surgical patients or in hospital 
populations that include surgical patients. 

Oral Hygiene for Improving Surgical Outcomes: A Systematic Review and Meta-analysis
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 One small randomized trial compared chlorhexidine 
and hexetidine among critically-ill patients, with 
13 patients receiving hexetidine and 14 receiving 
chlorhexidine.62 The  methodological quality of the 
study was generally poor. The study, published only as 
an abstract, was at high risk for performance bias due to 
lack of blinding, and was uncertain in three domains of 
randomization, allocation concealment, and blinding of 
outcome assessors.  The study reported similar incidences 
of VAP in both groups.  It was observed that there was 
a tendency for a faster recovery (defined as a decline 
in Clinical Pulmonary Infection Score) among patients 
who received chlorhexidine.62

 
Topical antibiotics versus placebo / usual care

 Seven studies compared topical antibiotics with 
placebo or usual care. Pooled analyses of the studies 
suggested no significant reduction in ventilator-
associated pneumonia45,52-55, ventilator days54-55, ICU 
days54-56 or mortality.52-55,57  
 Two small studies reported on colonization with 
respiratory pathogens. One study reported a significant 
reduction in aerobic and anaerobic oral cavity counts 
using 1% cetrimide solution vs placebo.42 In the second 
study, the use of methylcellulose sodium carboxy paste 
containing 2% polymyxin E, 2% tobramycin and 2% 
amphotericin B showed significantly less acquired lower 
respiratory tract and intra-abdominal infections compared 
to the control group. Acquired infections caused by 
Gram-positive (28 vs 45) and Gram-negative (6 vs 40) 
bacteria were isolated less in the study group than in 
the control group.57 No included study comparing oral 
topical antibiotics and placebo/usual care reported on 
nosocomial infections or nosocomial pneumonia rates.

Evaluations of other agents, one agent versus another, 
or dosing and frequency comparisons.

 Studies of varying sizes and methodological quality 
were identified that evaluated other comparisons : 
phenolic mixture (Listerine® mouthwash) versus 
sterile water; toothbrushing followed by chlorhexidine 
swab with or without oral probiotics; 0.5% alpha-
bisabolol mouthwash, 0.12% chlorhexidine and 0.5% 

alpha-bisabolol mouthwash and 0.12% chlorhexidine 
mouthwash; chlorhexidine rinse and a solution of a 
phenolic mixture; 1% cetrimide solution and 0.9% 
sodium chloride; chlorhexidine and hexetidine; 0.12% 
chlorhexidine combined with sodium bicarbonate 
mouthwash and sterile water; sodium bicarbonate 
mouthwash and sterile water; antiobiotic mouthwash 
containing 500mg neomycin and 500mg erythromycin 
and placebo; 0.2% chlorhexidine and  2% chlorhexidine.  
None of the studies observed differences in the 
effectiveness of the evaluated interventions.  Results 
are reported in the online appendix.22,42,44,58-62

Toothbrushing vs No Toothbrushing

 Five trials compared toothbrushing and no 
toothbrushing. All five studies, involving all population 
types, reported on ventilator-associated pneumonia. 
Pooled analysis of all studies suggested that toothbrushing 
was not associated with a significant reduction in the 
risk of VAP, although the trend was towards benefit. 
In subgroup analysis, there was a significant reduction 
in risk of VAP in one small trial involving surgical 
patients (RR 0.26, 95% CI 0.10-0.67), but not in other  
populations.36, 38, 63-65 
 Three studies involving all population types reported 
on ventilator days. Pooled analysis of all studies suggested 
that toothbrushing was not associated with a significant 
reduction in ventilator days. Subgroup analysis showed 
similar results across population types.38,63,64 

 Three studies involving all population types reported 
on ICU days. Pooled analysis of all studies suggested 
that toothbrushing was not associated with a significant 
reduction in ICU days. Subgroup analysis showed similar 
results across population types.38,63,64 
 Five studies involving all population types reported on 
mortality. Pooled analysis of all five studies suggested that 
toothbrushing was not associated with benefit. Subgroup 
analysis showed similar results across population 
types.36,38,63-65 
 One study reported on adverse events. No adverse 
events were reported amongst 74 ICU patients who 
underwent toothbrushing and 73 patients in the control 
group who received only standard oral care with gauze 
impregnated with 20 ml of 0.12% chlorhexidine.38 
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Table 1: Outcomes from studies evaluating the use of oral care agents 
 
Chlorhexidine versus placebo / usual care 
Outcome Studies 

(n) 
Intervention 
patients (n) 

Control 
patients (n) 

Quality Effect 
RR (95% CI) or 
MD (95% CI) 

Nosocomial 
infection 

5 2644 2624 Moderate heterogeneity. Low RoB across most 
domains. 

RR 0.64  
(0.54, 0.76) 

Nosocomial 
pneumonia 

22 2111 2228 Low heterogeneity. Low RoB across most 
domains. No publication bias detected. 

RR 0.78  
(0.68, 0.89) 

Ventilator-
associated 
pneumonia 

27 2087 2049 Low heterogeneity. Mixed RoB: 6 studies at 
low risk across all domains, 11 with high risk in 
at least one domain. No publication bias 
detected. 

RR 0.73  
(0.65, 0.83) 

Surgical site 
infection 

4 914 903 >50% heterogeneity. Mixed RoB: 2 studies at 
low risk across all domains, 1 at unclear risk for 
allocation concealment, 1 at high risk for two 
domains. 

RR 0.62  
(0.23, 1.71)* 

Ventilator 
days 

8 954 886 Low heterogeneity. Low RoB across most 
domains, 2 studies at high risk for at least one 
domain.   

MD -0.05  
(-0.14, 0.04) 

ICU days 7 982 968 Moderate heterogeneity. Low RoB across most 
domains, 2 studies at high risk for at least one 
domain.   

MD -0.64  
(-0.76, -0.52) 

Mortality 20 2263 2236 Low heterogeneity. Low RoB across most 
domains, 8 studies at high risk for at least one 
domain. No publication bias detected. 

RR 1.08  
(0.95, 1.22) 

Adverse 
events 

3 385 386 >50% heterogeneity. Mixed RoB: 1 study at 
low risk across all domains, 1 at unclear risk of 
selection bias, 1 at high risk of performance 
bias. 

RR 2.83  
(1.03, 7.76)* 

Povidone Iodine versus placebo / usual care 
Ventilator-
associated 
pneumonia 

4 269 255 >50% heterogeneity. Mixed RoB: 1 study at 
low risk across all domains, 3 at high risk for at 
least one domain.   

RR 0.61  
(0.30, 1.26)* 

Ventilator 
days 

3 80 104 >50% heterogeneity. Mixed RoB: 1 study at 
low risk across all domains, 2 at high risk for at 
least one domain.   

MD -0.86  
(-2.45, 0.74)* 

ICU days 2 114 103 Low heterogeneity. Mixed RoB: 1 study at low 
risk across all domains, 1 at high risk for at 
least one domain.   

0.35 
 (-3.90, 3.21) 

Mortality 3 136 158 Low heterogeneity. Mixed RoB: 2 studies at 
low risk across all domains, 1 at high risk for at 
least one domain.   

RR 1.04  
(0.74, 1.46) 

Topical antibiotics versus placebo / usual care 
Ventilator-
associated 
pneumonia 

5 594 640 >50% heterogeneity. Low RoB across most 
domains, 2 studies at high risk for at least one 
domain.   

RR 0.65  
(0.42, 1.02)* 

Ventilator 
days 

3 138 113 Low heterogeneity. Mixed RoB: 1 study at low 
risk across all domains, 2 at high risk for at 
least one domain.   

MD -2.24  
(-4.84, 0.37) 

ICU days 3 138 113 Moderate heterogeneity. Mixed RoB: 1 study 
at low risk across all domains, 2 at high risk for 
at least one domain.   

MD -2.4 
(-5.62,  0.83) 

Mortality 5 578 616 Low heterogeneity. Mixed RoB: 2 studies at 
low risk across all domains, 1 at unclear risk of 
bias in at least one domain, 2 at high risk for at 
least one domain.   

RR 0.98 
(0.81, 1.18) 

*Random effects model used due to I2 >50% 
 

Table 1. Outcomes from studies evaluating the use of  oral care agents.
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 One study reported on colony count in patients who 
received either gauze cleansing with 0.12% chlorhexidine 
and oral cavity injection either with or without manual 
toothbrushing and reported little or no difference in 
the detection of gram-positive cocci or gram-negative 
organisms.64 

Other interventions

 Studies of varying sizes and methodological quality 
were identified that evaluated other comparisons: dental 
care provided by a dental surgeon versus application of 
2% topical chlorhexidine; toothbrushing with 0.02% 
povidone iodine combined with cephem antibiotics versus 
combined povidone iodine and cephem antibiotics alone; 
saline rinse versus saline swab or cotton balls.  Results 
are reported in the online appendix.50,66-69 
 The forest plots of the pooled analyses of the outcomes 
are in the online appendix. 

Discussion

While the effectiveness of oral hygiene interventions 
in preventing nosocomial infections in surgical patients 

Table 2: Outcomes from studies evaluating toothbrushing or combination interventions 
 
Toothbrushing versus no toothbrushing 
 
Outcome Studies 

(n) 
Intervention 
patients (n) 

Control 
patients (n) 

Quality Effect 
RR (95% CI) or 
MD (95% CI) 

Ventilator-
associated 
pneumonia 

5 447 442 >50% heterogeneity. Mixed RoB: 5 studies at 
unclear risk for at least one domain, 4 at high 
risk for at least one domain.   

RR 0.69 
(0.44, 1.09)* 

Ventilator 
days 

3 319 317 Low heterogeneity. Mixed RoB: 2 studies at 
unclear risk for at least one domain, 2 at high 
risk for at least one domain.   

MD -0.87 
(-2.41, 0.68) 

ICU days 3 319 317 Low heterogeneity. Mixed RoB: 2 studies at 
unclear risk for at least one domain, 2 at high 
risk for at least one domain.   

MD -1.60 
(-3.40, 0.21) 

Mortality 5 400 398 Low heterogeneity. Mixed RoB: 5 studies at 
unclear risk for at least one domain, 4 at high 
risk for at least one domain.   

RR 0.96 
(0.75, 1.22) 

 
*Random effects model used due to I2 >50% 
 

has been evaluated previously, much of the research has 
focused on cardiac and thoracic surgery.1,2,7  This review 
sought to evaluate the effectiveness of oral hygiene in 
preventing nosocomial infections in the wider surgical 
population. 
 The largest body of evidence related to the use of 
chlorhexidine compared with placebo or usual care. 
Multiple meta-analyses highlighted its effectiveness in 
reducing the risk of nosocomial infection, nosocomial 
pneumonia, ventilator-associated pneumonia and in 
reducing ICU days both in surgical patients specifically 
and in the wider hospital populations that include surgical 
patients. Pooled analyses did not support its effectiveness 
in reducing surgical site infections, ventilator days or 
mortality, although non-significant trends often indicated 
some benefit. Overall, studies that could not be pooled 
supported its effectiveness in reducing pathogen counts. 
Although chlorhexidine was associated with an increase 
in adverse events, these were minor. These findings 
are in line with previous more limited reviews of the 
evidence.1,7

 A much smaller body of evidence considered the 
effectiveness of povidone iodine compared with placebo 
or usual care. Pooled analyses suggested povidone iodine 
was associated with a reduction in ventilator days, but 

Table 2. Outcomes from studies evaluating toothbrushing or combination interventions.
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with little or no difference for ventilator-associated 
pneumonia, ICU days or mortality. Overall, studies that 
could not be pooled supported its effectiveness in reducing 
pathogen counts. No studies reported on nosocomial 
infections, nosocomial pneumonia or adverse events.
 A similarly small body of evidence considered the 
effectiveness of topical antibiotic preparations compared 
with placebo or usual care, which indicated little or no 
benefit in terms of ventilator-associated pneumonia, 
ventilator days, ICU days or mortality, although there 
was a non-significant trend in favor of topical antibiotics 
in reducing ventilator-associated pneumonia. In general, 
studies that could not be pooled supported its effectiveness 
in reducing pathogen counts. No studies reported on 
nosocomial infections, nosocomial pneumonia rates, 
adverse events or mortality.
 In general, other individual studies that evaluated 
other agents, one agent versus another, or dosing and 
frequency comparisons did not report differences in the 
effectiveness of the evaluated interventions.
 Overall, the few studies that considered the 
effectiveness of toothbrushing reported little or no 
difference in ventilator-associated pneumonia, ventilator 
days, ICU days, adverse events, mortality or detection of 
pathogens, although one very small trial indicated that 
toothbrushing reduced the risk of ventilator-associated 
pneumonia in surgical patients.

Implications in Practice

 Oral hygiene among surgical patients, particularly 
in the perioperative phase of their care, should be part 
of standard care. Based on the available evidence and 
the significant benefit demonstrated in this review, 
chlorhexidine appears to be the oral agent of choice. 
However, alternative oral agents may still be considered, 
particularly povidone iodine, hexetidine, and essential 
oil-based mouthwash, as there is evidence, albeit limited, 
that shows similar potential. 
 Available data on oral topical antibiotics showed a 
trend towards benefit, but given their potential impact 
on antimicrobial resistance, their use must be carefully 
considered unless clear benefits are established. 
 Toothbrushing is beneficial and desirable for many 
reasons and may also confer added protection against 

nosocomial infections, and should thus be part of 
patients’ normal self-care. However, given the limited 
evidence of its effectiveness as nosocomial infection 
prophylaxis in patients who are unable to brush their own 
teeth, it may be considered as an optional component 
of oral hygiene care, due to the additional burden it 
places on already busy and often insufficient skilled 
nursing staff.

Implications for Research

 As well as highlighting the value of chlorhexidine 
in improving outcomes in surgical patients, the review 
reveals substantial gaps in the evidence. Hexetidine 
is another widely available antiseptic with a wide 
spectrum of actions against Gram-positive and Gram-
negative bacteria that may have similar potential, yet 
it has not been studied in a randomized trial. There is 
little evidence-based information on the most effective 
durations of oral hygiene interventions, or on the 
value or otherwise of patient assessment to best target 
prophylactic oral care.
 Of note, relatively few studies have been conducted 
specifically in general surgical populations, and few 
report on outcomes of particular interest in surgical 
patients such as surgical site infections and general 
nosocomial infections. Yet, given the acceptability and 
safety of oral hygiene interventions and the availability 
of participants, these would be relatively simple trials 
to conduct compared with many others.
 Toothbrushing, gargling, swabbing of the oral cavity 
and other maneuvers can be easily performed by the 
conscious patient, but can be labor intensive, especially 
for the health workers who will be performing these 
procedures on unconscious, obtunded or intubated 
patients. Other maneuvers require specialized care 
from skilled health practitioners such as ICU nurses or 
dental hygiene practitioners. Research on techniques 
that can easily and properly be performed by health care 
workers, not necessarily skilled health practitioners,  are 
of  interest. 
 T h e  m a j o r i t y  o f  i n c l u d e d  s t u d i e s  h a v e 
methodological issues such as lack of assessor-
blinding. Future research should conform to higher 
methodological quality. 
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Conclusions

Oral hygiene offers benefits in terms of lower rates of 
nosocomial infection, nosocomial pneumonia, ventilator-
associated pneumonia, surgical site infection, shorter ICU 
stay, less ventilator days and lower oral colonization / 
colony counts. Several oral care agents have demonstrated 
benefits in improving outcomes, with chlorhexidine 
having a clear benefit in reducing the incidence of 
nosocomial infection. 
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Appendix 2: Forest Plots on Oral Hygiene for Improving Surgical Outcomes

Figure 1.  Chlorhexidine vs Placebo/Usual Care : Nosocomial Infection

Figure 2. Chlorhexidine vs Placebo/Usual Care : Nosocomial Pneumonia 
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Figure 4. Chlorhexidine vs Placebo/Usual Care : Ventilator-associated pneumonia  
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Figure 5. Chlorhexidine vs Placebo/Usual Care  : Surgical Site Infection

Figure 6. Chlorhexidine vs Placebo/Usual Care : Ventilator Days
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Figure 7. Chlorhexidine vs Placebo / Usual Care : ICU Days

Figure 8. Chlorhexidine vs Placebo / Usual Care : Mortality
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Figure 9. Chlorhexidine vs Placebo/Usual Care : Adverse Events

Figure 10. Povidone iodine vs Placebo/Usual Care : Ventilator-associated Pneumonia
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Figure 11. Povidone iodine vs Placebo/Usual Care : Ventilator Days

Figure 12. Povidone iodine vs Placebo/Usual Care : ICU Days
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Figure 13. Povidone iodine vs Placebo / Usual Care :  Mortality

Figure 14. Topical antibiotics vs Placebo/ Usual Care : Ventilator-associated pneumonia
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Figure 15. Topical antibiotics vs Placebo / Usual Care : Ventilator Days

Figure 16. Topical antibiotics vs Placebo/Usual Care : ICU Days
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Figure 17. Topical antibiotics vs Placebo / Usual Care :  Mortality 

Figure 19. Toothbrushing vs No Toothbrushing : Ventilator-associated pneumonia
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Figure 20. Toothbrushing vs No Toothbrushing : Ventilator Days

Figure 21. Toothbrushing vs No Toothbrushing : ICU Days
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Figure 21. Toothbrushing vs No Toothbrushing : Mortality



73

Appendix 3.  Evaluations of other agents, one agent 
versus another, or dosing and frequency comparisons.

A. Essential Oil-based Mouthwash

One study compared essential oils-based mouthwash 
and placebo or standard/usual care, with 133 patients 
receiving essential and 127 receiving placebo.1  

 The 3-armed trial compared Listerine mouthwash 
with sodium bicarbonate mouthwash and sterile water 
among critically ill patients.  No significant differences 
in ventilator-associated pneumonia rates (4.7% vs 
4.4%, RR 1.07, 95%CI 0.41, 2.78), ventilator days, 
ICU stay, adverse event rates, or systemic antibiotic 
use were observed across all treatment groups.1  The 
methodological quality of this study was poor due to 
high risk of bias in several domains including lack 
of blinding, high attrition rate, and possible selective 
reporting. 

 One randomized trial compared chlorhexidine 
and phenolic mixture (Listerine) among patients 
who underwent aortocoronary bypass.2 Incidence of 
nosocomial pneumonia did not differ significantly 
between the two groups (4/279 vs 9/291, p = 0.21), nor 
did the incidence of positive culture growth (52/270 
vs 44/291, p =0.19).  Mortality rates were also similar 
between the two groups (6/270 vs 3/291). Colony culture 
studies showed more growth in the chlorhexidine group 
than in the Listerine group (19.26% vs 15.12%) although 
the difference was not statistically significant (p=0.19).

 All other available information on essential oils-
based mouthwash was limited to normal healthy patients 
or on patients with dental conditions. 

B. Oral Probiotics

One study compared oral probiotics bacterium 
Lactobacillus planterum 299 and toothbrushing followed 
by chlorhexidine swab among mechanically ventilated 
patients with 69 patients receiving oral probiotics and 
68 receiving toothbrushing followed by chlorhexidine 
swab.3 The methodological quality of the study was 

satisfactory, with three out of five domains at low risk 
for bias specifically allocation concealment, blinding 
of outcome assessment, and selective reporting. No 
difference was found between the two groups in terms 
of ventilator days, length of stay in the ICU, and in-
hospital mortality rates.

C. Other Agents

Three trials studied the use of other agents other than 
the ones previously mentioned. One study compared 
the use of 0.12% chlorhexidine combined with sodium 
bicarbonate mouthwash and sterile water, with 33 
receiving the combination mouthwash and 43 receiving 
sterile water.4  Another trial compared the use of sodium 
bicarbonate mouthwash and sterile water, with 138 
receiving sodium bicarbonate mouthwash and 127 
receiving sterile water.1 One trial compared an antibiotic 
mouthwash containing 500mg neomycin and 500mg 
erythromycin and placebo5, with 7 patients receiving 
antibiotic mouthwash and 5 receiving placebo.  The 
methodological quality of these studies was generally 
poor due to high risk of performance bias and attrition 
bias.

D. One Agent vs Another

Three trials compared one agent and another agent 
head to head. One three-armed trial compared the 
use of 0.5% alpha-bisabolol mouthwash, 0.12% 
chlorhexidine with 0.5% alpha-bisabolol mouthwash 
and 0.12% chlorhexidine 6, with 11 receiving 0.5% 
alpha-bisabolol only, 10 receiving 0.5% alpha-bisabolol 
and 0.12% chlorhexidine mouthwash combination, and 
9 receiving 0.12% chlorhexidine alone. Another trial 
compared the use of 0.12% chlorhexidine rinse and 
a solution of a phenolic mixture2, with 270 patients 
receiving chlorhexidine and 291 patients receiving 
phenolic mixture. One trial compared 1% cetrimide 
solution and 0.9% sodium chloride7, with 30 receiving 
1% cetrimide and 30 receiving 0.9% sodium chloride. 
The methodological quality of these studies was mixed. 

 There is limited trial evidence directly comparing 
one agent with another. Only two trials were identified, 
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one comparing chlorhexidine and phenolic mixture / 
essential oils2  and another comparing chlorhexidine 
and hexetidine.8  No clear difference was established in 
the effectiveness of the different agents.

D. Dosing and Frequency Comparison

The present study compared the use of chlorhexidine at 
different doses, with 57 receiving 0.2% chlorhexidine 
and  57 receiving 2% chlorhexidine.9 The incidence 
of VAP was significantly higher in the group which 
received 0.2 % chlorhexidine (13/57 or 22.8% v  3/57 or 
5.3%, p value=0.007). One three-armed trial compared 
chlorhexidine at different frequencies (once a day and 
twice a day) with usual care.10  Both frequencies reported 
similar incidences of VAP (7/47 or 14.98% vs 7/50 or 
14%). 
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