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INTRODUCTION

Stroke is a leading cause of adult disability. Stroke patients are known to be vul-
© Copyright: nerable to oral health problems, such as periodontal disease, due to a limitation in
Yonsei University College of Medicine 2014 their activities of daily living.! These problems can become worse when patients

This is an Open Access article distributed under the  are admitted to the intensive care unit (ICU) for the following reasons. First, pa-
terms of the Creative Commons Attribution Non-

Commercial License (http://creativecommons.org/  tients are admitted due to low consciousness and difficulty moving, which restrict
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. who cannot take food orally and have reduced secretion of saliva, which can cause

self-care activities and can lead to deterioration of oral hygiene. Second, patients
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dryness in the mouth.? Third, frequent use of endotracheal
and nasogastric tubes can also make the patient’s mouth dry
and hinder maintenance of oral hygiene.>* Fourth, manage-
ment of oral hygiene tends to be overlooked because pa-
tients in the ICU can show unstable vital signs and medical
staff in the ICU may not regard oral hygiene as having a di-
rect impact on the patient’s life.%¢

Oral health problems include candidiasis, ulcer of the mu-
cous membrane, dental caries due to plaque, periodontitis,
and gum inflammation and bleeding.”® Periodontitis could
trigger systemic infection, such as pneumonia, and facilitate
the ability of candida albicans (Candida) to bind with and
penetrate the oral mucosa.” When a patient’s mouth is not
kept clean, pathogens such as methicilline-resistant staphy-
loccus aureus or pseudomonas aeruginosa form a cluster
inside the mouth that can increase the risk of ventilator-re-
lated pneumonia (VAP) and aspiration pneumonia.'®!" With
the high fatality rate in the ICU, prevention of VAP is criti-
cal to patients’ health and recovery.'>!* Therefore, oral hy-
giene management for patients in the ICU is necessary in
order to reduce the risk of secondary hospital infection as
well as to prevent oral health problems.

Several studies have reported on the usefulness of an oral
hygienic care program (OHCP) in patients with diabetic mel-
litus,!! pneumonia,'* and cardiovascular disease® as well as
in the dependant elderly.'® However, there has been no study
investigating use of an OHCP in stroke patients or patients in
the ICU. Therefore, we attempted to investigate the effect of
an OHCP on stroke patients during their stay in the ICU.

MATERIALS AND METHODS

Subjects

Ninty consecutive stroke patients who had been admitted to
the ICU of the neurosurgery department of a university hos-
pital were recruited according to the following inclusion cri-
teria: 1) first-ever stroke, 2) had six or more teeth, and 3) no
sign of infection with any contagious pathogen. Patients were
assigned randomly to two groups (intervention or control)
matched with sex and age by a nurse who managed the ICU
and was independently involved in this research. Random
number allocation was used to organize patients into either
the intervention or control group. Once a patient was allocat-
ed into the intervention group, the next patient in the control
group was matched by age and sex. Important confounding
factors, such plague index and diabetic status, were com-
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pared between the two groups at baseline to check compara-
bility before the intervention program started, and the char-
acteristics between the two groups were regularly confirmed
as patients dropped out of the program. Out of the 90 pa-
tients, 34 patients dropped out of this study within one week
after the first oral examination. The reasons for dropping
out included: expiration (n=5, 14.7%), aggravation of sys-
temic condition due to systemic infection or recurrence of
stroke (n=5, 14.7%), transfer to other hospitals or discharge
home from the ICU (n=5, 14.7%), withdrawal of consent
during the OHCP (n=14, 41.2%), behavior problems such
as irritability (n=5, 14.7%). Finally, 56 stroke patients who
were admitted to the ICU were enrolled in this study (Fig.
1). One family member of each patient provided written in-
formed consent before enrollment, and the Institutional Re-
view Board of our university hospital approved the study
protocol.

Demographic and clinical data

Based on the medical records of the patients, history of smok-
ing, drinking, diabetes, hypertension, and degree of con-
sciousness at the time of admission to the ICU were evaluat-
ed. The Glasgow Coma Scale (GCS) was used to assess the
degree of consciousness.'”

Oral examination

Oral examination was performed twice for each patient af-
ter stabilization of vital signs following admission to the
ICU, and before discharge from the ICU (mean, 2.2 weeks;

\ Eligible (n=90) |

'

Randomized (n=90) ‘

|
v

Baseline ‘
oral examination

Allocation Intervention group (n=45) ‘ ‘ Control group (n=45) ‘
Y
. ¢ Oral hygiene
Intervention management
! Y
¢ Withdrawal (n=6) o \Withdrawal (n=8)
Cause of * Expiration (n=2) o Expiration (n=3)
drop-out cases  Aggravation (n=3) ¢ Aggravation (n=2)
e Discharge (n=2) « Discharge (n=3)
¢ Uncooperation (n=3) * Uncooperation (n=2)

Follow-up
oral examination

i

i

e Analysed (n=29)

 Analysed (n=27) ‘

Fig. 1. Schematic flow of patient selection.
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range, 1-5 weeks). For the examination of oral hygiene sta-
tus, one dentist and one hygienist evaluated patients using the
decayed missing and filled teeth (DMFT) index, tooth mobil-
ity index, the Lde and Silness plaque index (PI) and gingival
index (GI), clinical attachment loss (CAL), and the coloniza-
tion degree of Candida under artificial lighting. Tooth mobili-
ty index was scored per tooth according to Lindhes Grad-
ing.'® The PI and GI were scored per six teeth, which included
the four first-molars, right upper, and left lower central inci-
sors.'”?* The CAL was measured to the nearest millimeter
using a periodontal probe (PCP-UNC15 Color-Coded probe)
at two sites (mid-buccal, mesio-buccal) in six teeth (four first-
molars, right upper and left lower central incisors).”' Mean
values were calculated individually. Nickerson’s culture me-
dia was used for measurement of the colonization degree of
Candida on the tongue and in saliva. Unstimulated whole
saliva (minimum 20 pm) was collected. Colony count was
used for measurement of Candida on the tongue and in sali-
va. Samples on the tongue were collected with a sterile swap
and unstimulated whole saliva (range 20-40 uL) was col-
lected with a disposable spoid. The collected sample was
applied on the surface of Nikerson’s culture agar plate. After
cultivation in an incubator at 36.5°C for 48 hours, colony
counting was performed in order to divide the colony degree
into four categories. The categories were 0, 1, 2, or 3 and 0,
10, 10%, or >10° (unit: colony forming unit/mL) colonies,
respectively.

Oral hygienic care program

In the intervention group, oral hygienic management was
administered to patients by one dentist once every day for
an average of 2.2 weeks (range, 1-5 weeks). For patients
without consciousness, a mouth gag for dental care was
used to keep the mouth open. A children’s toothbrush and
an interdental toothbrush were used for removal of plaque
on the teeth, while a tongue cleaner was used to get rid of
plaque on the tongue. Then, gauze soaked with 0.5% chlo-
rohexidine was used to clean oral mucosa and tooth surfac-
es and to remove foreign bodies inside the mouth. When
many inflammatory substances were found in the mouth,
vacuum suction was performed to clean the mouth.

Statistical analysis

Clinico-demographic data, duration between first and sec-
ond evaluation, and the parameters of oral health status
were analyzed using t-test and X*-test between the interven-
tion and control groups. Paired-t test was performed in or-

der to examine oral health status, including the PI, GI, and
CAL. In addition, analysis of covariance was used to inves-
tigate difference between the intervention and control groups
for each variable before and after the OHCP. Finally, the
Friedmann test was performed for comparison of the preva-
lence of oral candidiasis between the intervention and con-
trol groups. All statistical analyses were implemented using
SPSS (SPSS 20.0 for Windows, SPSS Inc., Chicago, IL,
USA), and the statistical significance level was set at 0.05.

RESULTS

A summary of demographic and clinical data for each group
of patients is shown in Table 1. Among 56 patients, 29 pa-
tients were assigned to the intervention group (13 males;
mean age 57.38+14.22 years) and 27 patients (14 males;
mean age 56.15£14.55) to the control group. No difference
in sex, distribution of age, current smoking, current drinking,
diabetes, hypertension, type of stoke, GCS, and duration be-
tween first and final oral evaluation was observed between
the intervention and control groups (p>0.05) (Table 1).

At the first evaluation, we did not observe significant dif-
ference in the DMFT index, including the decayed teeth in-
dex, missing teeth index, and filling teeth index, PI, GI,
CAL, and colonization degree of Candida on the tongue
and in saliva between the intervention and control groups
(p>0.05). However, the tooth mobility index (0.19+0.30) of
the intervention group was significantly higher than that
(0.06+0.12) of the control group (p<0.05) (Table 2). A sum-
mary of the change of oral health status between the first
and second evaluations is shown in Table 3. The PI and GI
was significantly lower in the intervention group, compared
to those of the control group (p<0.05). By contrast, no sig-
nificant difference was observed in the CAL of the interven-
tion group (p>0.05) (Table 3). The degree of colonization of
Candida on the tongue showed a statistically insignificant
decrease in the intervention group (p>0.05); however, a sig-
nificant decrease was observed in the saliva (p<0.05) (Table
4). None of the patients in the intervention group showed
any complications or side effects during the OHCP.

DISCUSSION

In this study, we investigated the effect of an OHCP adminis-
tered to stroke patients during their stay in the ICU. We
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Table 1. Distributions of Clinic-Demographic Data between the Control and Intervention Groups at Baseline

Characteristics Intervention group (n=29) Control group (n=27) tor X’ p value
Gender, n (%) 0.276 0.599
Male 13 (44.8) 14 (51.9)
Female 16 (55.2) 13 (48.1)
Age (yrs), n (%) 8.873 0.031
<45 3(10.3) 7(25.9)
45-54 10 (34.5) 2(74)
55-64 6(20.7) 11 (40.7)
>65 10 (34.5) 7(25.9)
Mean+SD 57.38+14.22 56.15+14.55 0.320 0.750
Current smoking, n (%) 0.215 0.643
No 23(79.3) 20 (74.1)
Yes 6 (20.7) 7 (25.9)
Current drinking, n (%) 0.054 0.817
No 17 (58.6) 15 (55.6)
Yes 12 (41.4) 12 (44.4)
Diabetes, n (%) 0.281 0.596
No 27(93.1) 26 (96.3)
Yes 2(6.9) 1(3.7)
Hypertension, n (%) 0.430 0.512
No 11 (37.9) 8(29.6)
Yes 18 (62.1) 19(70.4)
Types of stroke, n (%) 0.009 0.926
Infarct 3(10.3) 3(11.1)
Hemorrhage 26 (89.7) 24 (88.9)
GCS (score, mean+SD) 9.52+4.16 10.30+3.98 -0.715 0.478
Period of dental intervention 15.69+10.02 18.1548.07 -1.007 0318

(days, mean+SD)

SD, standard deviation; GCS, Glasgow Coma Scale.

found that the intervention group showed decrement in terms
of the PI, GI, and the colonization degree of Candida in sali-
va, compared with the control group. However, no differ-
ence was observed in the CAL and the colonization degree
of Candida on the tongue.

The findings of the PI and GI appear to indicate that daily
tooth brushing removed plaque on the teeth, consequently
resulting in improvement of periodontal health. In addition,
these results coincide with the results of a previous study
showing that systematic oral care reduced plaque and gingi-
val health in dependent elderly persons in a nursing home.'*
Therefore, our results emphasize the importance of regular
plaque removal from the teeth and mucous membranes of
stroke patients during their stay in the ICU.

The CAL indicates the distance from the cement-enamel
junction in an apical direction to the base of the periodontal
pocket, and is one of the criteria for establishing the severi-
ty of periodontitis.?'** Considering that periodontitis is a
chronic disease, any change of the CAL happens over a

long period.? Therefore, our result showing that the CAL
was not improved in the intervention group appeared to be
attributed to the fact that our OHCP was performed only an
average of 2.2 weeks.

The colonization degree of Candida on the tongue showed
a greater decrease in the intervention group than in the con-
trol group, without statistical significance. On the contrary,
the colonization degree of Candida in saliva showed a sig-
nificant decrease in the intervention group. These results
suggest that our OHCP, in which plaque control using a
children’s toothbrush and an interdental toothbrush was ad-
ministered along with use of chlorohexidine, had an effect
on the decrease of colonization of Candida in both the tongue
and saliva. However, our OHCP was not as effective for the
tongue as for as saliva. Therefore, we believe that addition-
al measures to decrease the colonization of Candida on the
tongue should be added in future OHCPs. Our results are
compatible with those of previous studies showing that pla-
que control by tooth brushing can decrease the colonization
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Table 2. Oral Health Status between the Control and Intervention Groups at Baseline

Oral health indices Intervention (n=29) Control (n=27) tor X’ ( n{:: ;./r?ﬂl:uSeD)
DMEFT index 9.62+4.62 9.33+5.41 0.214 0.831
Decayed teeth 1.41£2.22 1.04+1.72 0.704 0.484
Missing teeth 5.10+4.78 4.00+4.57 0.882 0.381
Filling teeth 3.10+3.71 4.30+5.11 -1.005 0.320
Plaque index 2.09+0.44 2.10+£0.67 -0.050 0.960
Gingival index 1.54+0.47 1.30£0.53 1.771 0.082
Tooth mobility index 0.19+0.30 0.06+0.12 2.067 0.046
CAL 1.36+1.11 1.53+0.88 -0.641 0.524
Oral candida albicans No (%)
Tongue 5.022 0.170
0 6 (20.7) 3(11.1)
1 6(20.7) 6(222)
2 3(10.3) 9(33.3)
3 14 (48.3) 9(33.3)
Saliva* 0.536 0911
0 7(24.1) 7(25.9)
1 6(20.7) 6(222)
2 6 (20.7) 7(25.9)
3 10 (34.5) 7(25.9)

n, number of subjects; SD, standard deviation; DMFT, sum of decayed, missing; filling teeth; CAL, clinical attachment loss.

*Unstimulated whole saliva.

of Candida in saliva.?**

In the current study, we used a children’s toothbrush and
an interdental toothbrush for removal of plaque on teeth,
tongue cleaner to get rid of plaque on the tongue, and gauze
soaked with 0.5% chlorohexidine was used to clean oral mu-
cosa and tooth surfaces. Protocols for oral hygienic manage-
ment that have been reported until recently are mainly for
use of gauze soaked with physiological saline solution,"
hydrogen peroxide, chlorohexidine, betadine, and nystatin in
order to wipe off teeth or soft tissue in the mouth or to per-
form toothbrushing.**' Hydrogen peroxide is not recom-
mended because it can be a stimulus to oral mucosa when it
is not properly diluted.®* Physiological saline solution has
frequently been used for the oral hygienic program because
it does not change acidity without destruction of granula-
tion tissue. However, it is insufficient for use with critical
patients with an endotracheal tube inserted because the so-
lution provides a low antibacterial effect.> On the contrary,
chlorohexidine has recently been employed in the OHCP
due to its antibacterial effect. In addition, it inhibits forma-
tion of dental plaque or decreases clustering of microorgan-
isms in the mouth. As a result, chlorohexidine is known to
have a strong effect in reducing the pneumonia pathogen.”
Yet, tooth brushing is more effective than use of gauze for
removal of dental plaque. However, tooth brushing was not

recommended as a method of oral hygiene management for
patients in the ICU because it may change the location of
the endotracheal tube and can cause bleeding by causing in-
jury to the oral mucous membrane.> Instead, a small chil-
dren’s toothbrush was recommended for use with patients
in the ICU.* In this study, we employed a children’s tooth-
brush and an interdental toothbrush, and we did not observe
any complication during our OHCP. Therefore, we believe
that a children’s toothbrush and an interdental toothbrush
would be safe for stroke patients in the ICU.

In conclusion, we found that our OHCP was effective and
safe in improving the oral hygienic status and periodontal
health of stroke patients during their stay in the ICU; there-
fore, administration is recommended accordingly. We be-
lieve that the methods and results of this study can be used
as an important basis for development of a more advanced
OHCEP for patients with stroke or those in the ICU.

To the best of our knowledge, this is the first study to inves-
tigate the effect of an OHCP on stroke patients in the ICU.
However, some limitations of this study should be consid-
ered. First, complete randomization was not performed
throughout the entire process of research. Simple random-
ization often cannot reflect the whole characteristics of tar-
get population so allocation was implemented with match-
ing by age and sex in order to get better comparability. In
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Table 3. Change of Oral Health Status between the Control and Intervention Groups

Oral health indices ~ Baseline (mean+SD) After (mean+SD) Change p value* p value'
Plaque index 0.001
Intervention 2.09+0.44 0.84+0.51 -1.24 0.001
Control 2.10+0.67 1.85+0.68 -0.25 0.104
Gingival index 0.001
Intervention 1.54+0.47 0.47+0.64 -1.07 0.018
Control 1.30+0.53 1.60+0.61 0.30 0.023
CAL 0.070
Intervention 1.36£1.11 1.10£1.24 -0.26 0.023
Control 1.53+0.88 1.63+0.85 0.10 0.243
n, number of subjects; SD, standard deviation; CAL, clinical attachment loss.
*Measured by paired t-test.
"Measured by ANCOVA (analysis of covariance).
Table 4. Change of Candida Status between the Control and Intervention Groups
. Baseline After
C;I;giga Intervention Control x p value Intervention Control w p value
(n=29), No (%) (1n=27), No (%) (n=29), No (%) (n=27), No (%)
Tongue 5.022 0.170 5.552 0.139
0 6(20.7) 3(11.1) 11 (37.9) 3(11.1)
1 6(20.7) 6(21.1) 6(20.7) 8(29.6)
2 3(10.3) 9(21.4) 5(17.2) 8(29.6)
3 14 (48.3) 9(41.1) 7(24.1) 8(26.8)
Saliva 0.536 0911 6.498 0.043
0 7(24.1) 7(25.9) 14 (48.3) 6(22.2)
1 6(20.7) 6(22.2) 7 (24.1) 5(18.5)
2 6(20.7) 7(25.9) 5(17.2) 12 (44.4)
3 10 (34.5) 7(25.9) 3(10.03) 4(14.8)

n, number of subjects.
pvalue measured by Friedman test.

addition, many patients dropped out of this intervention
program after allocation, although this study was a kind of
randomized controlled intervention trial. However, the dis-
tribution of major characteristics between the intervention
and control groups at baseline of the two final groups was
very likely to be similar. Second, this kind of intervention
program provided by a dentist at ICU is not a standard clin-
ical practice. The oral health care program was implement-
ed only for the intervention group so it was impossible for
the dentist not to know whether the participant had taken
the program or not. However, overestimation of the effect
of the intervention may have been minimized because ob-
jective clinical parameters measured by a standard assess-
ment protocol were used as outcomes and more intention-
to-treat analysis was done as we tried to obtain conservative
results. Third, the duration of the OHCP was variable, from
one week to five weeks, because the duration of patients’
stay in the ICU varied according to the medical state of the
patients. This was unavoidable for this kind of study. Yet,

we did not observe a difference in terms of duration in the
ICU between the intervention and control groups. Fourth,
we did not investigate the long-term effect of this OHCP.
Finally, we did not evaluate the incidence of systemic infec-
tion, which is one of the important goals in administration
of an OHCP. Therefore, conduct of further long-term fol-
low up studies for the evaluation of the long-term effect and
the incidence of systemic infection should be encouraged.
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