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ABSTRACT
Introduction: During critical illness, dental plaque
may serve as a reservoir of respiratory pathogens.
This study compared the effectiveness of
toothbrushing with a small-headed toothbrush or a
foam-headed swab in mechanically ventilated patients.
Methods: This was a randomised, assessor-blinded,
split-mouth trial, performed at a single critical care
unit. Adult, orally intubated patients with >20 teeth,
where >24 hours of mechanical ventilation was
expected were included. Teeth were cleaned 12-hourly
using a foam swab or toothbrush (each randomly
assigned to one side of the mouth). Cleaning efficacy
was based on plaque scores, gingival index and
microbial plaque counts.
Results: High initial plaque (mean=2.1 (SD 0.45)) and
gingival (mean=2.0 (SD 0.54)) scores were recorded
for 21 patients. A significant reduction compared with
initial plaque index occurred using both toothbrushes
(mean change=−1.26, 95% CI −1.57 to −0.95;
p<0.001) and foam swabs (mean change=−1.28, 95%
CI −1.54 to −1.01; p<0.001). There was significant
reduction in gingival index over time using
toothbrushes (mean change=−0.92; 95% CI −1.19 to
−0.64; p<0.001) and foam swabs (mean change=
−0.85; 95% CI −1.10 to −0.61; p<0.001). Differences
between cleaning methods were not statistically
significant (p=0.12 for change in gingival index;
p=0.24 for change in plaque index). There was no
significant change in bacterial dental plaque counts
between toothbrushing (mean change 3.7×104 colony-
forming units (CFUs); minimum to maximum
(−2.5×1010 CFUs, 8.7×107 CFUs)) and foam swabs
(mean change 9×104 CFUs; minimum to maximum
(−3.1×1010 CFUs, 3.0×107 CFUs)).
Conclusions: Patients admitted to adult intensive care
had poor oral health, which improved after brushing
with a toothbrush or foam swab. Both interventions
were equally effective at removing plaque and reducing
gingival inflammation.
Trial registration number: NCT01154257; Pre-results.

INTRODUCTION
There is increasing evidence that oral health
impacts on the general well-being of an individ-
ual, with cardiovascular disease, diabetes and
low birth weight all associated with poor oral
hygiene.1–3 Furthermore, poor oral hygiene has
been linked with higher incidence of respira-
tory infections, such as community-acquired
pneumonia, healthcare-associated pneumo-
nia, hospital-acquired pneumonia and
ventilator-associated pneumonia (VAP).4–6

Dental plaque is an archetypal biofilm and
during critical illness can rapidly become
colonised by potential respiratory pathogens
and in these cases, it serves as a reservoir for
VAP pathogens.4 7–9 A number of interven-
tions aimed at improving oral cleanliness
have demonstrated a reduction in VAP or
mortality in randomised clinical trials.10–13

However, these trials did not actually
measure oral cleanliness and there has been
a paucity of research conducted in mechan-
ically ventilated patients on what represents
the optimal methods for improving oral
hygiene.14 Indeed the majority of observa-
tional studies in the general critical care

KEY MESSAGES

▸ In general, patients admitted to adult intensive
care initially presented with poor oral hygiene.

▸ Oral hygiene intervention during intubation
using either a toothbrush or a foam swab sig-
nificantly improved oral care based on plaque
and gingival indices.

▸ There was no significant difference between the
oral hygiene interventions based on the mea-
sured parameters.
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population demonstrate an increase in plaque scores
over time, despite receipt of ‘routine’ oral care.4 7–9

It has long been established that the best approach for
removal of dental plaque is by mechanical disruption
using a toothbrush15 and previously, this approach has
been found to be superior than using foam swabs.16

Considerable variability exists in oral hygiene practices
among critical care nurses,17 18 with use of foam brushes
or toothbrushes often employed.18 19 The aim of the
current study was to compare the efficacy of foam swabs
and toothbrushes at removing dental plaque in mechan-
ically ventilated patients. As dental plaque not only acts
as a reservoir for respiratory pathogens, but also drives
gingival inflammation, the effects of the two interven-
tions on gingival inflammation scores were also assessed.

METHODS
Study design: This study employed a ‘split-mouth’ design
in which two oral hygiene methods, that is, use of a
foam swab or a ‘small-headed’ toothbrush (figure 1)
were used to clean the teeth on different sides of a
patient’s mouth. The advantage of such a split-mouth
design over randomising individual patients was the
reduction in interparticipant variability.20 The side to
which the cleaning method was allocated was assigned
by computer-generated randomisation. Assessors, labora-
tory staff and statistician were blinded to the hygiene
method assigned. Trial registration: Clinical Trials.Gov
NCT01154257 14 June 2010.
Patient recruitment: Ethical approval was obtained from

the Research Ethics Committee for Wales (09/MRE09/
44). Written informed consent was obtained in accord-
ance with ethical approval. Mechanically ventilated
patients admitted to the adult intensive care unit (ICU)
at the University Hospital of Wales, Cardiff, UK were eli-
gible for the study. Patients were eligible for inclusion if
they were aged >18 years, were mechanically ventilated
with an endotracheal tube placed via the oral route, and
had >20 teeth of broadly symmetrical (left and right)
distribution. Patients that did not meet the inclusion cri-
teria, or had thrombocytopaenia (platelet count <30),
uncontrolled coagulopathy, facial or oral trauma, or
were expected to be ventilated <24 hours, were excluded
from the study.
Oral hygiene intervention: Prior to oral hygiene interven-

tion, Silness-Löe plaque (table 1) and gingival indices

(table 2) were documented, where scores ranged
between 0 and 3, with 0 being equal to health and a
score of 3 meaning gross plaque deposits or marked gin-
gival inflammation.21 These were recorded on the upper
and lower first molars, first bicuspid and central incisors
on each side of the mouth from the buccal surface.
Plaque and gingival index scores were an average of the
six teeth on each side. For patients with missing index
teeth, the remaining teeth in closest proximity were
scored. A decayed, missing and filled teeth (DMFT)
index22 was used as an indicator of the patient’s oral
health on admission to critical care.
Following receipt of training by a dental professional,

research and nursing staff provided oral hygiene inter-
vention. Cleaning was performed every 12 hours until
extubation (if <7 days) or up to 7 days after recruitment.
The modified Bass technique23 for brushing was used
with toothbrushes and foam swabs that had been pre-
moistened with sterile water. Chlorhexidine was not used
in the study, as it would reduce bacterial numbers,
prevent plaque reaccumulation on clean oral sur-
faces24 25 and was not part of the routine oral care in
the critical care unit. Each side of the mouth was
cleaned for 1 min (30 s per quadrant) and compliance
with the intervention recorded. Silness-Löe plaque and
gingival indices were recorded daily and on each side of
the mouth by a single, dentally trained operator blinded

Figure 1 Toothbrush (A) and foam swab (B) used in this

study (SAGE products).

Table 1 Plaque index scoring used in this study and as

defined by Silness and Löe21

Score Criteria

0 No plaque

1 A film of plaque adhering to the free gingival

margin and adjacent area of the tooth. The plaque

may be seen in situ only after application of

disclosing solution or by using the probe on the

tooth surface

2 Moderate accumulation of soft deposits within the

gingival pocket, or the tooth and gingival margin,

which can be seen with the naked eye

3 Abundance of soft matter within the gingival

pocket and/or on the tooth and gingival margin

Table 2 Gingival index assessment (severity of gingivitis)

used in this study based on gingival colour, presence of

oedema and bleeding21

Score Criteria

0 Normal

1 Mild inflammation, slight colour change and

oedema, no bleeding

2 Moderate inflammation, redness, oedema, bleeds

on probing

3 Severe inflammation, marked redness and

oedema, ulceration, spontaneous bleeding
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to treatment allocation. These scores were recorded at
the start of the study (ie, baseline), before randomisa-
tion and then each morning.
Dental plaque was collected using sterile endodontic

paper points (size ISO45; QEP, Peterborough, UK), with
one paper point used per tooth from each side of the
mouth to determine bacterial load. Plaque samples were
obtained at the same time of day, and by the same indi-
vidual who measured the plaque and gingival indices
prior to cleaning. Sampling started at the distal part of
the buccal aspect of the tooth with 1 mm of the paper
point placed into the gingival sulcus. Using a slow and
continuous motion, the paper point was drawn towards
the operator to recover the plaque. Paper points were
immediately immersed in 1 mL of reduced transport
fluid for microbial culture.26 Paper points were vortex
mixed for 20 s and the resulting solution serial decimally
diluted in phosphate buffered saline. Fifty-microlitre
volumes of the dilutions were then inoculated on select-
ive agar media (Lab M, Heywood, UK) using a spiral
plating system (Don Whitley Scientific, Shipley, UK).
The following agars were used to culture microorgan-
isms: blood agar for total bacterial enumeration, fastidi-
ous anaerobe agar (FAA) for anaerobic/facultative
anaerobic bacteria, Sabouraud dextrose agar and
CHROMagar Candida (CHROMagar; Paris, France) for
Candida and yeast species, mannitol salt agar (MSA) for
Staphylococcus species, and a selective agar for
Pseudomonas aeruginosa (Lab M). Inoculated media were
incubated under appropriate gaseous environments at
37°C for 48 hours, with the exception of MSA (5 days)
and FAA (7 days). After incubation, colony-forming
units (CFUs) were enumerated and suspected target
species presumptively identified based on colony appear-
ance. Definitive identification was through
PCR-mediated 16S ribosomal DNA (rDNA) sequencing.
Bacterial DNA was extracted using the Gentra Puregene
Yeast/Bacteria kit (Qiagen, Manchester, UK). rDNA was
amplified by PCR using the universal bacterial primer
pair of D88: GAGAGTTTGATYMTGGCTCAG, and E94:
GAAGGAGGTGWTCCARCCGCA.27 Final reaction
volumes were 50 μL and included 1 μL of each forward
and reverse primer at 50 mM, 25 μL of PCR MasterMix
(Promega, Southampton, UK) and DNA template
(5 μL). PCR cycling consisted of initial heating at 95°C
for 5 min, followed by 30 cycles of 95°C for 45 s denatur-
ation, primer annealing at 60°C for 60 s and product
extension at 72°C for 1 min. The extension step was
extended by 5 s per cycle and a final extension step of
72°C for 5 min was performed. Negative controls of
sterile DNA-free water in place of template DNA were
included for each PCR. Amplicons (1500 bp) were
resolved by standard electrophoresis in 1.5% (w/v)
agarose gels stained with Safeview (NBS biologicals,
Huntingdon, UK) and visualised under ultraviolet light
using a GelDoc system (Bio-Rad). Five μL of each PCR
product was cleaned by addition of 2 µL of ExoSAP-IT
(USB/Affimatrix, High Wycombe, UK) and heating for

15 min at 37°C, followed by a further 15 min at 80°C.
Cleaned products were diluted to 20 μg/μL in
DNAse-free water and sequenced using the d88 forward
primer in an automated sequencer (ABI 3130xl genetic
analyser; Applied Bioscience, Warrington, UK). Species
were identified from sequences using the Basic
Alignment Search Tool (BLAST) from the National
Centre for Biotechnology Information (NCBI) for
microbes, and≥95% identity was considered confirma-
tory of species identification.

Statistical analysis
No previous studies had been conducted in mechanic-
ally ventilated patients that could prior inform on
sample size. It was estimated that 20 patients would be
required to detect a 0.63 shift in plaque scores with a
power of 80% at the conventional 0.05 α level. Initially it
was intended to analyse plaque scores after 72 hours of
cleaning and it was estimated that recruiting 50 patients
would give at least 20 patients allowing for drop out of
patients through endotracheal tube (ETT) extubation or
death before 72 hours. However, as it was deemed that
24 hours of cleaning would be sufficient to reduce
plaque scores, it was decided, prior to patient recruit-
ment to analyse data after a minimum of 24 hours.
The distribution of numeric data was tested for nor-

mality and presented as mean (SD) for normally distrib-
uted data, and median (range) for non-normally
distributed data. The overall changes (baseline to end of
follow-up) in plaque index, gingival index and bacterial
counts were calculated for each patient and cleaning
method. The null hypothesis of no change in outcomes
over time was tested using a paired samples t-test for nor-
mally distributed differences, or a Wilcoxon signed-rank
test for skewed distributions. McNemar’s test was used
for paired proportions.
For normally distributed differences, repeated mea-

sures analysis of variance was used to test significant dif-
ferences in outcomes between methods within patients
after adjusting for baseline DMFT, number of days
follow-up and side of the mouth. A 5% level of signifi-
cance was used for all statistical tests. The statistical soft-
ware package IBM SPSS for Windows V.21 was used for
analysis.

RESULTS
Informed consent was obtained for 28 patients by a
patient consultee. After inspection by the dental profes-
sional, six consented patients were not eligible for the
study as they had insufficient or asymmetric teeth and
one further patient died within 24 hours, leaving 21
patients to complete investigations. Following a safety
alert from the UK medicines and healthcare products
regulatory agency28 (not arising from this study), foam
swabs were withdrawn from clinical use in Wales (but
not elsewhere in the UK) and no further recruitment
was allowed. The 21 patients comprised of 10 males and
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11 females, aged between 23 and 70 years (mean age
49 years). Recorded patient characteristics were diagno-
sis on admission, duration of hospitalisation, days of
intubation prior to randomisation and recent antibiotic
therapy (table 3). On average, days of hospitalisation
prior to admission in intensive care were 3.4 (4.5 SD),
and ventilator days prior to randomisation was an
average 3.4 (3.2 SD) days. The majority of patients
(16/21) were in receipt of antibiotic therapy at the start
of the study. The median number of follow-up days was
4 days (range 2–7 days) and mean DMFT score was 10.7
(SD 5.2, range 3–23). Compliance with the oral interven-
tions was 100% and there were no reports of harm or
unintended effects for any of the participants.
Baseline scores and the changes in each outcome over

time for plaque index, gingival index and bacterial
counts for each treatment are presented in table 4 and
figure 2A–C. There was a significant reduction in plaque
index over time for use of toothbrushes (mean change=
−1.26; 95% CI −1.57 to −0.95; p<0.001) and foam swabs
(mean change=−1.28; 95% CI −1.54 to −1.01; p<0.001).
There was also a significant reduction in gingival index

over time using toothbrushes (mean change=−0.92;
95% CI −1.19 to −0.64; p<0.001) and foam swabs (mean
change=−0.85; 95% CI −1.10 to −0.61; p<0.001). There
was no significant difference in reduction of plaque
index between the two interventions (p=0.24). Greater
reduction in gingival index was observed for tooth-
brushes compared with foam swabs (figure 3), although
this was not statistically significant (p=0.12). The
number of days of cleaning was a significant covariate in
the analysis of change in gingival index (p=0.003) and
plaque index (p=0.05). There was some evidence of an
interaction between treatment and baseline DMFT score
for both change in gingival index (p=0.07) and plaque
index (p=0.06), suggesting that the impact of tooth-
brushes and foam swabs may be greatest in those with
poorest oral health.
An overall analysis of patients’ oral health status was

compared with results from the 2009 Adult Oral Health
survey29 undertaken by the National Health Service
(NHS) Information Centre for health and social care
(table 4). From this comparison, it was apparent that the
patient cohort examined in this study had a similar

Table 3 Characteristics of the patients participating in this study

Patient

reference* Sex

Age

(years)

Diagnosis at

admission

Time in hospital prior to

admission to critical

care (days)

Prior intubation

time at recruitment

(days)

Antibiotic

therapy

1 M 53 Sepsis 2 2 Y

2 F 61 Urosepsis 1 6

3 M 70 Pneumonia/

pneumocystis

pneumonia (PCP)

4 2 Y

5 M 43 Substance overdose/

aspiration pneumonia

0 2 N

6 F 55 Respiratory failure 0 2 N

7 F 37 Aneurysm 8 3 Y

8 F 26 Ventricular fibrillation

arrest postpartum

0 9 Y

9 F 64 Respiratory failure 3 1 Y

10 F 68 Head injury 1 0 N

11 F 55 Urinary sepsis 4 1 Y

13 M 52 Respiratory/renal failure 3 4 Y

14 M 29 Head injury 0 0 N

16 F 64 Type 2 respiratory

failure

0 12 Y

17 M 55 Respiratory failure 1 8 Y

19 M 45 Sepsis and respiratory

failure

16 7 Y

20 F 23 Alcoholic liver disease

and pneumonia

10 0 Y

21 M 32 Cardiac arrest 0 4 N

24 F 44 Sepsis 3 1 Y

25 F 49 Cardiogenic shock 0 3 Y

27 M 39 Type 1 respiratory

failure

1 5 Y

28 M 52 Septic shock 13 0 Y

*Twenty-one patients contributed to the study.
F, female; M, male; N, no; NA, data not available; Y, yes.
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number of teeth present and less obvious caries than
the general population. However, periodontal health was
worse, impacting on overall oral health (table 5). The
2009 survey reported that 10% of the population had
excellent oral health, but if similar parameters of excel-
lence were applied to the participants in this current
study, only one patient (4%) met these criteria. For
patients that were not randomised on the same day of
hospital admission, it was possible that their periodontal
health had progressively deteriorated due to their illness
impairing normal oral hygiene routine and reliance on
healthcare workers to perform oral hygiene tasks.
No significant change in bacterial counts was observed

over time using either toothbrushes or foam swabs (table
4). Ten of the 21 patients had high baseline total bacterial
counts (≥106 CFUs/sample). Of these, 7 (70%) exhibited
a reduction in bacterial counts using toothbrushes com-
pared with 4 (40%) using foam swabs (p=0.48).
From microbial culture, respiratory pathogens were

identified in the dental plaque of patients, with
Staphylococcus aureus detected in 6 patients and P. aeruginosa
in 2 patients, 5 patients had S. aureus or P. aeruginosa
colonisation from day 1, while 13 patients did not have
cultivable respiratory pathogens. Interestingly, for two
patients, S. aureus was not recovered from dental plaque
until day 3 of the study, and for 1 patient, P. aeruginosa
was present only from day 4. The opportunistic fungal
pathogen, Candida albicans was cultured from the plaque
of 16 patients.

DISCUSSION
In healthy adults, the predominant oral microorganisms
are normally harmless bacteria, with the plaque

community largely consisting of facultative anaerobic
Gram-positive streptococci. However, in critically ill
adults, a rapid shift to inclusion of potentially patho-
genic organisms including S. aureus and Gram-negative
bacilli such as P. aeruginosa can occur; both of these
species can cause VAP.4 7–9 Molecular analyses of bacteria
from the oral cavity and those isolated from the lungs of
patients with VAP have demonstrated that genetically
identical organisms were present at both sites, support-
ing the concept that bacteria colonising the oral cavity
were also involved in pulmonary infection.30–33 In
keeping with this aetiology, a number of interventions
that improve oral cleanliness have been shown to reduce
either VAP34–36 or mortality.13 These interventions have
tended to focus on use of antiseptic or antibiotic strat-
egies, often involving chlorhexidine, rather than
methods routinely employed in dentistry. The reason for
this may be the greater familiarity of critical care health-
care professionals with pharmacological interventions.
A rapid improvement in oral hygiene can be achieved

by restarting toothbrushing and in this regard, twice
daily brushing of teeth is recommended to remove
plaque and prevent plaque-mediated diseases such as
dental caries and gingivitis.37 38 However, there is consid-
erable variability among critical care nurses on how oral
care is delivered, with many choosing a foam swab in
preference to a toothbrush, or neither method being
used and relying on the application of antiseptic solu-
tions or gels.18 39 40 Almost all studies in critically ill
patients have demonstrated that plaque scores increase
even when oral care programmes are in place4 7–9 and it
is therefore important to determine the optimal
approaches to reduce plaque scores in mechanically ven-
tilated patients.14

In the current study, we determined the effects of
foam swabs and toothbrushes on indices of oral cleanli-
ness. A split-mouth design commonly used in oral care
research was employed, as this reduces interindividual
variability. Our results demonstrated that both plaque
and gingival scores improved with the two tested inter-
ventions, and there was no significant difference
between use of foam swabs and toothbrushes in their
ability to improve oral cleanliness. This is in contrast to
studies in volunteers where mechanical disruption of
plaque was found to be far more effective using a tooth-
brush.16 41 42 It is unclear why no significant difference
was observed, but the foam swab used in this study had a
coarse ridging (figure 1), which may have assisted
plaque removal. A limitation to this study was the rela-
tively short follow-up period (2–7 days); however, it
would be expected that the changes in the level of
dental plaque accumulation would be most noticeable
in the first 48 hours and it was possible that the improve-
ment reached a plateau where no further significant
benefit could be achieved. Nevertheless, low levels of
dental plaque would be expected when a strict protocol
was followed. A similar dynamic was expected with gin-
gival inflammation scores, although the initial response

Table 4 Baseline scores and change in outcomes

(plaque index, gingival index and bacterial counts) by oral

hygiene method (n=21 patients)

Outcome Method

Toothbrush Foam swab

Mean baseline plaque

index (SD)

2.1 (0.49) 2.1 (0.42)

Mean baseline gingival

index (SD)

2.1 (0.57) 2.0 (0.53)

Median baseline

bacterial count

(minimum, maximum)

4.6×105

(2.4×103,

2.5×1010)

5.9×105

(4.0×102,

3.1×1010)

Mean change in plaque

index (SD)

−1.26 (0.68)* −1.28 (0.59)*

Mean change in gingival

index (SD)

−0.92 (0.61)* −0.85 (0.54)*

Median change in

bacterial counts (CFUs/

sample† minimum,

maximum)

−3.7x104

(−2.5×1010,
8.7×107)

−9×104

(−3.1×1010,
3.0×107)

*Significantly different from baseline (p<0.001).
†Each sample consisted of plaque obtained from six teeth
resuspended in 1 mL of transport medium.
CFU, colony forming unit.
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Figure 2 (A) Changes in plaque

and gingival index (Silness and

Löe)21 for patients 1–8 over a

7-day period using oral hygiene

intervention either with a

toothbrush (solid line) or foam

swab (broken line). (B) Changes

in plaque and gingival index

(Silness and Löe)21 for patients

9–17, over a 7-day period using

oral hygiene intervention either

with a toothbrush (solid line) or

foam swab (broken line). (C)

Changes in plaque and gingival

index (Silness and Löe)21 for

patients 19–28, over a 7-day

period using oral hygiene

intervention either with a

toothbrush (solid line) or foam

swab (broken line).

6 Marino PJ, Hannigan A, Haywood S, et al. BMJ Open Resp Res 2016;3:e000150. doi:10.1136/bmjresp-2016-000150

Open Access
copyright.

 on A
pril 9, 2024 by guest. P

rotected by
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2016-000150 on 14 O

ctober 2016. D
ow

nloaded from
 

http://bmjopenrespres.bmj.com/


could take longer, to allow tissues to respond to the new
conditions. Only one other study has compared use of a
toothbrush with foam swabs during critical illness and
measured plaque scores.43 Needleman et al compared a
powered toothbrush with a foam swab in 46 individually
randomised patients, with cleaning undertaken four
times a day for 2 min in combination with 20 mL of
0.2% chlorhexidine. The study found that a powered

Table 5 Comparison of oral health parameters of this

study’s patients and the general population

Parameter ADH survey* Study

Overall number of teeth 25.7 24.4

Healthy periodontal tissues† 17% 10%

Obvious tooth caries 31% 23%

Excellent oral health‡ 10% 4%

*Adult Dental Health (ADH) survey 2009.29

†Healthy periodontal tissue=ADH criteria: no bleeding, no
pocketing, no calculus; study criteria: gingival index <1.5.
‡Excellent oral health=ADH criteria: >21 teeth, >18 sound teeth,
no caries, no pocketing, no calculus, no loss of attachment >4mm;
study criteria: >21 teeth, >18 sound teeth, no caries, gingival
index <1.5.

Figure 2 Continued

Figure 3 Box plots of change in gingival index (from

baseline) for each study day. Asterisks represent extreme

outliers >3 IQR; circles represent outliers >1.5 IQR.
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toothbrush was significantly better at reducing plaque.43

However, it was also observed that foam swabs reduced
plaque scores significantly from baseline. Powered tooth-
brushes have the advantage of a much smaller head
than a manual brush and direct visualisation is not
necessary, as the rotating head has only to be held on
the tooth surface. In mechanically ventilated patients, a
powered toothbrush may have an advantage over a
manual toothbrush for these reasons and should be eval-
uated in future studies.
No reduction in the number of bacteria isolated from

plaque was evident by either method. This might reflect
difficulties in plaque collection or could be due to the
fact that plaque quantity was not simply a reflection of
bacterial number, as most of the plaque substance con-
sists of extracellular polymeric substances (EPS). For
example, there could be cases where plaque indices
differ not as a result of changes in bacterial number, but
due to the relative quantity of EPS. This result is in con-
trast to the study of Needleman et al43 where chlorhexi-
dine in combination with a toothbrush or foam swab led
to significant reductions in the number of plaque bac-
teria recovered.
Candida colonisation of the respiratory tract has been

previously reported for 25% of critically ill patients
receiving mechanical ventilation,44 and in the present
study, the yeast was present in the dental plaque of 76%
of patients. Candida colonisation of the airways has been
identified as an independent risk factor for P. aeruginosa
VAP44–46 and may therefore represent a possible target
for reducing VAP. While culture analysis showed that S.
aureus and P. aeruginosa were present in the plaque of
only 13 patients, it should be highlighted that this was a
short duration study, and more sensitive molecular
methods may have revealed a higher incidence of these
bacteria in plaque specimens. Furthermore, this study
was limited to two major VAP pathogens, but additional
respiratory pathogens could have been identified using a
wider range of selective culture media.
It is important to emphasise that this study has

focused on the efficacy of two oral hygiene practices,
rather than their effect on VAP incidence, ICU length of
stay or mortality rates. Toothbrushing has been used in a
number of critical care studies as a method to reduce
VAP, with mixed findings.47–50 Two recent systematic
reviews and meta-analysis concluded that there was no
robust data supporting a reduction in VAP and that
more research was necessary.51 52 Unfortunately, within
these studies, compliance with the intervention was vari-
able53 and none of the studies reported if there was a
reduction in dental plaque, which serves as the reservoir
for respiratory pathogens. Our results demonstrated that
both foam swabs and toothbrushes were able to reduce
plaque scores in mechanically ventilated patients and
were not significantly different in this regard. However,
considerably more research is required to define the
optimal method for mechanically removing plaque; a
powered toothbrush, a manual brush with a smaller

head or increased frequency of cleaning may prove
more effective and a larger sample size will make find-
ings more robust.14 Moreover, a better understanding of
how antiseptics or antibiotics interact with mechanical
methods is required. In a recent meta-analysis, Klompas
et al54 suggested that chlorhexidine could be ineffective
or possibly harmful in general critical care units.
Chlorhexidine is less effective in vitro than other antisep-
tics, but in vivo it binds to clean tooth surfaces and is
released over time, a property called substantivity, and
this reduces plaque accumulation.55 56 Mature biofilms
are also less susceptible than those recently formed57

and it follows that chlorhexidine will be most effective
when plaque has been physically disrupted.43 58

CONCLUSION
Oral health of patients admitted to this adult ICU was
generally poor. Dental plaque and gingival inflammation
indices were reduced when toothbrushes and foam
swabs were used in a strict oral care programme. While
more research is needed to demonstrate the effect of
mechanical plaque removal in the prevention of colon-
isation by respiratory pathogens and VAP incidence, oral
care in ICUs must not be neglected.

Acknowledgements The authors would like to thank the patients and their
families who took part in this study and the nursing and research staff in the
adult critical care unit at the University Hospital of Wales.

Contributors PJM, AH, SH, JMC, NP, CE, TK, MAOL, MPW, DWW provided
substantial contributions to the conception or design of the work, or the
acquisition, analysis or interpretation of data. PJM, AH, MPW, DWW were
involved in drafting the work or revising it critically for important intellectual
content. MPW, DWW were involved in final approval of the version published.
MPW, DWW provided agreement to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

Funding MPW was funded by a NISCHR AHSC Clinical Research Fellowship.
MPW consulted for Bard, Merck (MSD), KaloBios Pharmaceuticals (Advisory
Boards); has previously been employed by NISCHR AHSC (research
fellowship 0.4 WTE); has received royalties from Wiley Publishing (book
chapters); has received a fee for lecturing at an educational meeting from
Fisher & Paykel, Merck (MSD); has received support for travel from ISICEM,
Eli Lilly, British Thoracic Society, and Intensive Care Society; has received a
loan of EIT equipment for research from CareFusion.

Competing interests This research was funded by Cardiff University and PJM
was supported by a Walport Clinical Fellowship and obtained a research grant
for consumables from a GSK-Oral and Dental Research Trust award. SAGE
products gifted the toothbrushes and foam brushes used in this study.

Ethics approval Research Ethics Committee for Wales.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Bartova J, Sommerova P, Lyuya-Mi Y, et al. Periodontitis as a risk

factor of atherosclerosis. J Immunol Res 2014;2014:636893.

8 Marino PJ, Hannigan A, Haywood S, et al. BMJ Open Resp Res 2016;3:e000150. doi:10.1136/bmjresp-2016-000150

Open Access
copyright.

 on A
pril 9, 2024 by guest. P

rotected by
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2016-000150 on 14 O

ctober 2016. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1155/2014/636893
http://bmjopenrespres.bmj.com/


2. Saini R, Saini S, Saini SR. Periodontitis: a risk for delivery of
premature labor and low birth weight infants. J Nat Sci Biol Med
2011;2:50–2.

3. Azarpazhooh A, Tenenbaum HC. Separating fact from fiction: use of
high-level evidence from research syntheses to identify diseases
and disorders associated with periodontal disease. J Can Dent
Assoc 2012;78:c25.

4. Fourrier F, Duvivier B, Boutigny H, et al. Colonization of dental
plaque: a source of nosocomial infections in intensive care unit
patients. Crit Care Med 1998;26:301–8.

5. Azarpazhooh A, Leake JL. Systematic review of the association
between respiratory diseases and oral health. J Periodontol
2006;77:1465–82.

6. Needleman I, Hirsch N. Oral health and respiratory diseases. Is
there an association between oral health and pneumonia or other
respiratory diseases? Evid Based Dent 2007;8:116.

7. Sachdev M, Ready D, Brealey D, et al. Changes in dental plaque
following hospitalisation in a critical care unit: an observational study.
Crit Care 2013;17:R189.

8. Scannapieco FA, Stewart EM, Mylotte JM. Colonization of dental
plaque by respiratory pathogens in medical intensive care patients.
Crit Care Med 1992;20:740–5.

9. Needleman I, Hyun-Ryu J, Brealey D, et al. The impact of
hospitalization on dental plaque accumulation: an observational
study. J Clin Periodontol 2012;39:1011–16.

10. Chan EY, Ruest A, Meade MO, et al. Oral decontamination for
prevention of pneumonia in mechanically ventilated adults:
systematic review and meta-analysis. BMJ 2007;334:889.

11. Snyders O, Khondowe O, Bell J. Oral chlorhexidine in the
prevention of ventilator-associated pneumonia in critically ill
adults in the ICU: a systematic review. Southern African J Crit
Care 2011;27:48–56.

12. Shi Z, Xie H, Wang P, et al. Oral hygiene care for critically ill patients
to prevent ventilator-associated pneumonia. Cochrane Database
Syst Rev 2013;8:CD008367.

13. de Smet AM, Kluytmans JA, Cooper BS, et al. Decontamination of
the digestive tract and oropharynx in ICU patients. N Engl J Med
2009;360:20–31.

14. Wise M, Williams D. Oral care and pulmonary infection-the
importance of plaque scoring. Crit Care 2013;17:1–3.

15. Loe H, Theilade E, Jensen SB. Experimental gingivitis in a man.
J Periodontol 1965;36:177–87.

16. Pearson LS, Hutton JL. A controlled trial to compare the ability of
foam swabs and toothbrushes to remove dental plaque. J Adv Nurs
2002;39:480–9.

17. Dale C, Angus JE, Sinuff T, et al. Mouth care for orally intubated
patients: a critical ethnographic review of the nursing literature.
Intensive Crit Care Nurs 2013;29:266–74.

18. Rello J, Koulenti D, Blot S, et al. Oral care practices in intensive care
units: a survey of 59 European ICUs. Intensive Care Med
2007;33:1066–70.

19. Binkley C, Furr LA, Carrico R, et al. Survey of oral care practices in
US intensive care units. Am J Infect Control 2004;32:161–9.

20. Lesaffre E, Philstrom B, Needleman I, et al. The design and analysis
of split-mouth studies: what statisticians and clinicians should know.
Stat Med 2009;28:3470–82.

21. Silness J, Loe H. Periodontal disease in pregnancy II: correlation
between oral hygiene and periodontal condition. Acta Odontol
Scand 1964;22:121–35.

22. Larmas M. Has dental caries prevalence some connection with
caries index values in adults? Caries Res 2010;44:81–4.

23. Poyato-Ferrera M, Segura-Egea JJ, Bullón-Fernández P.
Comparison of modified Bass technique with normal toothbrushing
practices for efficacy in supragingival plaque removal. Int J Dent Hyg
2003;1:110–14.

24. Storti E, Roncati M, Danesi MV, et al. Effectiveness of chlorhexidine
on dental plaque: a new technique. Minerva Stomatol
2012;61:449–56.

25. Marchetti E, Casalena F, Capestro A, et al. Efficacy of two
mouthwashes on 3-day supragingival plaque regrowth: a
randomized crossover clinical trial. Int J Dent Hyg Published Online
First: 2 Nov 2015. doi:10.1111/idh.12185.

26. Syed SA, Loesche WJ. Survival of human dental plaque flora in
various transport media. Appl Microbiol 1972;24:638–44.

27. Paster BJ, Boches SK, Galvin JL, et al. Bacterial diversity in human
subgingival plaque. J Bacteriol 2001;183:3770–83.

28. Medicines and health products regulatory agency: Medical device
alert: oral swabs with a foam head. Ref: MDA/2012/020. 2012.
http://www.gov.uk/drug-device-alerts/medical-device-alert-oral-
swabs-with-a-foam-head-heads-may-detach-during-use (accessed
30 Jun 2016).

29. Health and social care information centre. Adult dental health survey
2009. National statistics. NHS, 2011. http://www.hscic.gov.uk/pubs/
dentalsurveyfullreport09 (accessed 30 Jun 2016).

30. Heo SM, Haase EM, Lesse AJ, et al. Genetic relationships
between respiratory pathogens isolated from dental plaque and
bronchoalveolar lavage fluid from patients in the intensive care
unit undergoing mechanical ventilation. Clin Infect Dis
2008;47:1562–70.

31. Bahrani-Mougeot FK, Paster BJ, Coleman S, et al. Molecular
analysis of oral and respiratory bacterial species associated with
ventilator-associated pneumonia. J Clin Microbiol
2007;45:1588–93.

32. Garrouste-Orgeas M, Chevret S, Arlet G, et al. Oropharyngeal or
gastric colonization and nosocomial pneumonia in adult intensive
care unit patients: a prospective study based on genomic DNA
analysis. Am J Respir Crit Care Med 1997;156:647–55.

33. Özçaka Ö, Başo�glu OK, Buduneli N, et al. Chlorhexidine decreases
the risk of ventilator-associated pneumonia in intensive care unit
patients: a randomized clinical trial. J Periodont Res
2012;47:584–92.

34. Koeman M, van der Ven AJ, Hak E, et al. Oral decontamination with
chlorhexidine reduces the incidence of ventilator-associated
pneumonia. Am J Respir Crit Care Med 2006;173:1348–55.

35. Cutler LR, Sluman P. Reducing ventilator associated pneumonia in
adult patients through high standards of oral care: a historical control
study. Intensive Crit Care Nurs 2014;30:61–8.

36. Hoshijima H, Kuratani N, Takeuchi R, et al. Effects of oral hygiene
using chlorhexidine on preventing ventilator-associated pneumonia
in critical-care settings: a meta-analysis of randomized controlled
trials. J Dent Sci 2013;8:348–57.

37. National Health System. How to keep your teeth clean. 2014. http://
www.nhs.uk/Livewell/dentalhealth/Pages/Teethcleaningguide.aspx
(accessed 30 Jun 2016).

38. American Dental Association: Mouth healthy. 2014. http://www.
mouthhealthy.org/en (accessed 30 Jun 2016).

39. Grap MJ, Munro CL, Ashtiani B, et al. Oral care interventions in
critical care: frequency and documentation. Am J Crit Care
2003;12:113–18;discussion 119.

40. Feider LL, Mitchell P, Bridges E. Oral care practices for
orally intubated critically ill adults. Am J Crit Care 2010;19:
175–83.

41. Pearson LS. A comparison of the ability of foam swabs and
toothbrushes to remove dental plaque: implications for nursing
practice. J Adv Nurs 1996;23:62–9.

42. Addems A, Epstein JB, Damji S, et al. The lack of efficacy of a foam
brush in maintaining gingival health: a controlled study. Spec Care
Dentist 1992;12:103–6.

43. Needleman IG, Hirsch NP, Leemans M, et al. Randomized
controlled trial of toothbrushing to reduce ventilator-associated
pneumonia pathogens and dental plaque in a critical care unit. J Clin
Periodontol 2011;38:246–52.

44. Azoulay E, Timsit JF, Tafflet M, et al. Candida colonization of the
respiratory tract and subsequent pseudomonas ventilator-associated
pneumonia. Chest 2006;129:110–17.

45. Roux D, Gaudry S, Dreyfuss D, et al. Candida albicans impairs
macrophage function and facilitates Pseudomonas aeruginosa
pneumonia in rat. Crit Care Med 2009;37:1062–7.

46. Nseir S, Jozefowicz E, Cavestri B, et al. Impact of antifungal
treatment on Candida-Pseudomonas interaction: a preliminary
retrospective case-control study. Intensive Care Med
2007;33:137–42.

47. Lorente L, Lecuona M, Jiménez A, et al. Ventilator-associated
pneumonia with or without toothbrushing: a randomized controlled
trial. Eur J Clin Microbiol Infect Dis 2012;31:2621–9.

48. Yao LY, Chang CK, Maa SH, et al. Brushing teeth with purified water
to reduce ventilator-associated pneumonia. J Nurs Res
2011;19:289–97.

49. Pobo A, Lisboa T, Rodriguez A, et al. A randomized trial of dental
brushing for preventing ventilator-associated pneumonia. Chest
2009;136:433–9.

50. Munro CL, Grap MJ, Jones DJ, et al. Chlorhexidine, toothbrushing,
and preventing ventilator-associated pneumonia in critically ill adults.
Am J Crit Care 2009;18:428–37.

51. Gu WJ, Gong YZ, Pan L, et al. Impact of oral care with versus
without toothbrushing on the prevention of ventilator-associated
pneumonia: a systematic review and meta-analysis of randomized
controlled trials. Crit Care 2012;16:R190.

52. Alhazzani W, Smith O, Muscedere J, et al. Toothbrushing for
critically ill mechanically ventilated patients: a systematic review and
meta-analysis of randomized trials evaluating ventilator-associated
pneumonia. Crit Care Med 2013;41:646–55.

Marino PJ, Hannigan A, Haywood S, et al. BMJ Open Resp Res 2016;3:e000150. doi:10.1136/bmjresp-2016-000150 9

Open Access
copyright.

 on A
pril 9, 2024 by guest. P

rotected by
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2016-000150 on 14 O

ctober 2016. D
ow

nloaded from
 

http://dx.doi.org/10.4103/0976-9668.82321
http://dx.doi.org/10.1097/00003246-199802000-00032
http://dx.doi.org/10.1902/jop.2006.060010
http://dx.doi.org/10.1038/sj.ebd.6400532
http://dx.doi.org/10.1186/cc12878
http://dx.doi.org/10.1097/00003246-199206000-00007
http://dx.doi.org/10.1111/j.1600-051X.2012.01939.x
http://dx.doi.org/10.1136/bmj.39136.528160.BE
http://dx.doi.org/10.1002/14651858.CD008367.pub2
http://dx.doi.org/10.1002/14651858.CD008367.pub2
http://dx.doi.org/10.1056/NEJMoa0800394
http://dx.doi.org/10.1902/jop.1965.36.3.177
http://dx.doi.org/10.1046/j.1365-2648.2002.02313.x
http://dx.doi.org/10.1016/j.iccn.2012.09.003
http://dx.doi.org/10.1007/s00134-007-0605-3
http://dx.doi.org/10.1016/j.ajic.2003.05.001
http://dx.doi.org/10.1002/sim.3634
http://dx.doi.org/10.3109/00016356408993968
http://dx.doi.org/10.3109/00016356408993968
http://dx.doi.org/10.1159/000279327
http://dx.doi.org/10.1034/j.1601-5037.2003.00018.x
http://dx.doi.org/10.1111/idh.12185
http://dx.doi.org/10.1111/idh.12185
http://dx.doi.org/10.1128/JB.183.12.3770-3783.2001
http://www.gov.uk/drug-device-alerts/medical-device-alert-oral-swabs-with-a-foam-head-heads-may-detach-during-use
http://www.gov.uk/drug-device-alerts/medical-device-alert-oral-swabs-with-a-foam-head-heads-may-detach-during-use
http://www.gov.uk/drug-device-alerts/medical-device-alert-oral-swabs-with-a-foam-head-heads-may-detach-during-use
http://www.gov.uk/drug-device-alerts/medical-device-alert-oral-swabs-with-a-foam-head-heads-may-detach-during-use
http://www.gov.uk/drug-device-alerts/medical-device-alert-oral-swabs-with-a-foam-head-heads-may-detach-during-use
http://www.hscic.gov.uk/pubs/dentalsurveyfullreport09
http://www.hscic.gov.uk/pubs/dentalsurveyfullreport09
http://dx.doi.org/10.1086/593193
http://dx.doi.org/10.1128/JCM.01963-06
http://dx.doi.org/10.1164/ajrccm.156.5.96-04076
http://dx.doi.org/10.1111/j.1600-0765.2012.01470.x
http://dx.doi.org/10.1164/rccm.200505-820OC
http://dx.doi.org/10.1016/j.iccn.2013.08.005
http://dx.doi.org/10.1016/j.jds.2012.11.004
http://www.nhs.uk/Livewell/dentalhealth/Pages/Teethcleaningguide.aspx
http://www.nhs.uk/Livewell/dentalhealth/Pages/Teethcleaningguide.aspx
http://www.mouthhealthy.org/en
http://www.mouthhealthy.org/en
http://dx.doi.org/10.4037/ajcc2010816
http://dx.doi.org/10.1111/j.1365-2648.1996.tb03136.x
http://dx.doi.org/10.1111/j.1754-4505.1992.tb00423.x
http://dx.doi.org/10.1111/j.1754-4505.1992.tb00423.x
http://dx.doi.org/10.1111/j.1600-051X.2010.01688.x
http://dx.doi.org/10.1111/j.1600-051X.2010.01688.x
http://dx.doi.org/10.1378/chest.129.1.110
http://dx.doi.org/10.1097/CCM.0b013e31819629d2
http://dx.doi.org/10.1007/s00134-006-0422-0
http://dx.doi.org/10.1007/s10096-012-1605-y
http://dx.doi.org/10.1097/JNR.0b013e318236d05f
http://dx.doi.org/10.1378/chest.09-0706
http://dx.doi.org/10.4037/ajcc2009792
http://dx.doi.org/10.1186/cc11675
http://dx.doi.org/10.1097/CCM.0b013e3182742d45
http://bmjopenrespres.bmj.com/


53. Ames NJ. Evidence to support tooth brushing in critically ill patients.
Am J Cri Care 2011;20:242–50.

54. Klompas M, Speck K, Howell MD, et al. Reappraisal of routine oral
care with chlorhexidine gluconate for patients receiving mechanical
ventilation: systematic review and meta-analysis. JAMA Intern Med
2014;174:751–61.

55. Singh H, Kapoor P, Meshram GK, et al. Evaluation of substantivity of
chlorhexidine to human dentin and its application in adhesive
dentistry-an in vitro analysis. Ind J Dent 2011;2:8–10.

56. García-Caballero L, Quintas V, Prada-López I, et al. Chlorhexidine
substantivity on salivary flora and plaque-like biofilm: an in situ
model. PLoS ONE 2013;8:e83522.

57. Shen Y, Stojicic S, Haapasalo M. Antimicrobial efficacy of
chlorhexidine against bacteria in biofilms at different stages of
development. J Endod 2011;37:657–61.

58. Shen Y, Stojicic S, Qian W, et al. The synergistic antimicrobial effect
by mechanical agitation and two chlorhexidine preparations on
biofilm bacteria. J Endod 2010;36:100–4.

10 Marino PJ, Hannigan A, Haywood S, et al. BMJ Open Resp Res 2016;3:e000150. doi:10.1136/bmjresp-2016-000150

Open Access
copyright.

 on A
pril 9, 2024 by guest. P

rotected by
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2016-000150 on 14 O

ctober 2016. D
ow

nloaded from
 

http://dx.doi.org/10.4037/ajcc2011120
http://dx.doi.org/10.1001/jamainternmed.2014.359
http://dx.doi.org/10.1016/S0975-962X(11)60003-8
http://dx.doi.org/10.1371/journal.pone.0083522
http://dx.doi.org/10.1016/j.joen.2011.02.007
http://dx.doi.org/10.1016/j.joen.2009.09.018
http://bmjopenrespres.bmj.com/

	Comparison of foam swabs and toothbrushes as oral hygiene interventions in mechanically ventilated patients: a randomised split mouth study
	Abstract
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


