Title: Effects of simulation education on oral care practices – a randomized controlled trial
ABSTRACT

Background: Implementation of evidence-based oral care protocols, nurse education programs and assessment tools
may reduce the risk of developing ventilator-associated pneumonia by increasing critical care nurses’ knowledge and
skills in adhering to current oral care recommendations.
Aims: To evaluate the longitudinal effects of single-dose simulation education with structured debriefing and verbal
feedback on critical care nurses’ knowledge and skills in adhering to current oral care recommendations.
Design: A randomized controlled trial with repeated measurements.
Method: The data for the study was collected in a single academic centre in a 22-bed adult, mixed, medical-surgical
intensive care unit in Finland from February 2012 to March 2014. The effectiveness of simulation education was
evaluated through the validated Ventilator Bundle Questionnaire and Observation Schedule at the baseline (n = 30)
and 24 months (n = 17) after simulation education. Data were analysed using a linear mixed model and intention-totreat analyses.
Results: During the study period, the average knowledge score in the intervention group increased significantly
(44.0% to 56.0% of the total score) in the final postintervention measurement (pt = 0.51, pg = 0.002, pt*g = 0.023).
However, single-dose simulation education with structured debriefing and verbal feedback had no impact on critical
care nurses’ skill scores.
Conclusion: Single-dose simulation education had only a minimal effect on critical care nurses’ knowledge and skills
in adhering to current oral care recommendations. Despite of increased awareness, there was no significant difference
in oral care practices between the study groups after simulation education.
Relevance for clinical practice: The need for regularly repeated educational sessions with theoretical training and
practical exercises and direct feedback is evident. Certain aspects of oral care, such as prevention of microaspiration
of oropharyngeal secretions and moistening of oral mucosa and lips, require more reinforcement than others.

1

INTRODUCTION
Critical care nurses plays a crucial role in maintaining and assessing oral health among invasively ventilated critically
ill patients. Comprehensive oral care, using either chlorhexidine oral rinse or gel and toothbrush together with
preventing microaspiration of oropharyngeal secretions may reduce the risk of developing ventilator-associated
pneumonia (VAP) in these patients (AACN, 2010; Conley et al., 2013; Hillier et al., 2013).

BACKGROUND
Implementation of evidence-based oral care protocols, nurse education programs and assessment tools may reduce the
risk of developing VAP by increasing critical care nurses’ knowledge and skills in adhering to current oral care
recommendations (Garcia et al., 2009; Ames et al., 2011; Hillier et al., 2013). However, institutional policies and
procedures related to oral care are not consistent and do not always reflect current recommendations (DeKeyser et al.,
2009; Feider et al., 2010; Perrie and Scribante, 2011; Soh et al., 2011; Hillier et al., 2013). In addition, critical care
nurses’ knowledge of oral diseases (Azodo et al., 2013) and recommended oral care practices (Jordan et al., 2014) is
insufficient. Most, however, reported positive attitude toward the importance of oral care (Rello et al., 2007; DeKeyser
et al., 2009; Feider et al., 2010; Perrie and Scribante, 2011; Soh et al., 2011; Chan et al., 2012; Gatell et al., 2012;
Orlandinia and Lazzarib, 2012; Azodo et al., 2013; Javadinia et al., 2014; Lin et al., 2014).
Previous single center studies have demonstrated significant improvements in oral assessment scores and the
quality of oral care immediately after educational interventions (e.g., 1–5 hours training/teaching sessions, 20–30
minute structured educational sessions including reminders, repeated 60-minute training sessions, theoretical training
and practical exercises, direct feedback and implementation of oral assessment guide and storyboards) (Cutler and
Davis, 2005; Ross and Rumple, 2007; Meherali et al., 2011). However, the effectiveness of previous multidisciplinary
and multifaceted approaches have mainly measured in single group pre-test post-test designs without a control group
and a comprehensive follow-up time. In addition, the effectiveness of advanced, high-fidelity teaching methods in
improving oral care practices on nursing education is still largely unknown (Jansson et al., 2014a).
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DESIGN AND METHODS

Aim and objectives
This randomized controlled trial with repeated measurements was conducted to evaluate the longitudinal effects of
single-dose simulation education with structured debriefing and verbal feedback on critical care nurses’ knowledge
and skills in adhering to current oral care recommendations.

Hypotheses
It was hypothesised that critical care nurses who received a simulation education with structured debriefing and verbal
feedback would demonstrate a higher level of knowledge and skills than those who did not receive it.

Setting and sample
The data for the study was collected in a single academic centre in a 22-bed adult, mixed, medical-surgical intensive
care unit (ICU) in Finland from February 2012 to March 2014. Randomly selected critical care nurses were invited
via letter and electronic mail between December 2011 and January 2012. Inclusion criteria were to holding a degree
qualification as a registered nurse and being a direct care provider. Before this study, the hospital didn’t have a policy
for oral care.

Sample size determination
The sample size was determined through power analysis, which revealed that a sample size of 32 participants was
required to detect a 20% difference between means (mean difference = 2.74, SD = 2.66 points [alpha=0.05 and
power=0.90]). Further, we anticipated a 20% drop-out rate, which led to a sample size of 20 nurses per group (40
participants in total).

Randomization and blinding
Participants were randomly allocated to intervention (n = 20) and control (n = 20) groups by the biostatistician using
a computer-generated randomization list (allocation ratio of 1:1). Randomization was stratified into two age-based
strata according to the median age of the study population (≤35 and >35 years). Due to the nature of intervention,
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unfortunately, blinding was not possible. However, the biostatistician and research assistant who analysed and
collected the data were blinded to group assignment.

Intervention
The high-fidelity, human patient simulation education and its evaluation process began with a brief (20 min.)
introduction to the simulation center (SimLab, Oulu University of Applied Science) and mannequin (HAL, Gaumard,
Miami, FL) capabilities followed by an actual simulated scenario (10 min.). Post-scenario, only the intervention group
participated in a structured and standardized debriefing session (60 min.) and received verbal feedback. The debriefing
took place immediately after simulated scenario and was led by two facilitators who were specialised in simulation
pedagogy and key areas. The debriefing consisted of a standardized Powerpoint slide show and didactic lecture
covering the scope (e.g., definition, epidemiology and etiology, risk factors, clinical and economic outcomes of VAP)
and the management of the problem (e.g., recommended oral care practices). In addition, facilitators provided
constructive feedback in accordance with best practice. During the debriefing, participants were encouraged to discuss,
analyse and summarize the experience to enhance their learning.

Data collection tools and methods
Identical repeated measurements were taken for intervention and control groups by the same trained and experienced
observers; the procedural flowchart for the data collection is shown in Figure 1, in compliance with CONSORT
guidelines. The baseline (initially before the intervention) and initial post-intervention (3 months after the
intervention) measurements (e.g., knowledge and skills) were conducted in the high-fidelity simulation setting
(follow-up I). In addition, the final follow-up measurements (6 and 24 months after the intervention) were conducted
in clinical practice (follow-ups II and III). After the study protocol, however, the control group received a traditional
didactic lecture, carried out by the principal author.
The level of participants’ knowledge was evaluated at the end of each simulated scenarios using a validated
Ventilator Bundle Questionnaire (VBQ). The VBQ contained 5 questions related to the recommended oral care
practices (e.g., brush teeth every 12 hours, provide water-based oral moisturizing to oral mucosa and lips every 2–4
hours and as needed) and interventions aimed at reducing the microbiological colonization of the lower airways (e.g.,
clean the oral cavity and pharynx every 2–4 hours and as needed, use chlorhexidine oral rinse or gel). The method
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was guided by a blinded research assistant, who arranged an appropriate time and venue to gather the responses. If
participant answered correctly, they scored one point, yielding a knowledge score range from 0 to 5 (Jansson et al.,
2014b).
The level of participants’ skills were evaluated while managing adult, invasively ventilated patients using a
direct, non-participatory method of observation. Controlled method of observation was conducted during the morning
shift (07:00–15:00) in simulation setting and clinical practice. The method was guided by a validated, highly structured
Ventilator Bundle Observation Schedule (VBOS) that contained 13 items related to the recommended oral care
practices (e.g., brush teeth and tongue with toothbrush, brush approximately 1–2 minutes, use oral chlorhexidine rinse
or gel, clean the oral cavity and pharynx every 2–4 hours and as needed, provide water-based oral moisturizing to oral
mucosa and lips every 2–4 hours and as needed, rotate position of ETT regularly) and interventions aimed at reducing
the microbiological colonization of the lower airways (e.g., elevate the head-of-bed, verify suction pressure and ETT
cuff inflation prior to and post oral care, oro- and nasopharyngeal suctioning). Identical measurements were taken for
the intervention and control groups by the same trained and experienced observers. If participants adhered to a
recommended practice, they were assigned one point, yielding a skill score range from 0 to 13 (Jansson et al., 2014b).
Discrepancies between the observers were resolved through consensus.

Validity and reliability
Simulation education and its evaluation process were pilot tested among a single cohort of 10 randomly selected
critical care nurses in January 2012. The face and content validities of the VBOS and VBQ were evaluated using an
expert panel. The item-level content validity indexes (CVIs) ranged from 0.91 to 1.0 while the average scale-level
CVIs ranged from 0.99 to 1. In addition, all the items, questions and response alternatives met the chosen clarity
criteria (Jansson et al., 2014b).
The intraclass correlation coefficient (ICC), including a 95% confidence interval (CI), and the Cohen kappa
coefficient (κ) of each item and the average scale score (VBOS) were tested using a second observer during the data
collection. The ICC of the average scale score was 0.99 (95% CI 0.98–1.0). In addition, the Cohen κ coefficient of
each item varied from 0.65 to 1.0, demonstrating an acceptable level of inter-rater reliability (Jansson et al., 2014b).
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Data analysis
The statistical analysis was performed using SPSS 18.0 for Windows (SPSS INC., Chicago, IL). The repeatedly
measured data was analysed using a linear mixed model with a covariance pattern model (continuous variables) or by
generalised linear mixed model (categorical/dichotomous variables). P values reported for repeatedly measured data
are as follows: p-time (pt), the overall change over time; p-group (pg), the average between-group difference; and ptime*group (pt*g), the interaction between time and group. All participants were included in the groups to which they
were originally assigned (intention-to-treat analysis). An independent samples t-test was used to compare the median
delta scores (baseline score minus final post-intervention score) between the study groups. A two-tailed P value less
than 0.05 was considered statistically significant.

Ethical considerations
According to the Medical Research Act (488/1999 and amendments 295/2004), the approval of the local ethics
committee is not required for studies focusing on healthcare staff. However, the study protocol was approved by the
relevant academic centre in the autumn of 2011 and 2013. In addition, written informed consent from participants was
obtained prior to inclusion in the study (Declaration of Helsinki 2013).
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RESULTS

Thirty (n = 30) out of forty (n = 40) initially randomized critical care nurses enrolled in the baseline measurements
(15 participants per group), of whom seventeen (n = 17) completed all the study procedures (Figure 1). Most of the
participants were female (70.0%), often with a bachelor’s degree (96.7%) and permanent employment (66.7%). Fiftythree per cent of participants’ had a less than five years of working experience. There were no significant differences
in the baseline characteristics between the study groups. However, the withdrawal rate between the study groups
varied from 26.7% (intervention group) to 60.0% (control group). After baseline measurement, the reasons for
withdrawal from the intervention group were sudden illness (n = 1), job transfer (n = 1), declining to participate (n =
1) and not known (n = 1). The main reasons for withdrawal from the control group were declining to participate (n =
3), sudden illness (n = 2), other reason (n = 2), and job transfer (n = 2).

Knowledge
In the baseline measurement, the average knowledge score was 2.2 out of 5 points (SD 0.6) in the both study groups
(44.0% of the total score). Majority of participants had poor knowledge of existing oral care protocol (73.3%).
However, all of them knew that teeth should be brushed every 12 hours (100.0%). In addition, majority (93.3%) of
them knew that oral decontamination using chlorhexidine oral rinse or gel reduces the risk of VAP. However, none of
them knew that oral cavity and pharynx should be cleaned and oral mucosa and lips should be moisturized every 2–4
hours and as needed (Table 1).
Twenty-four months after simulation education, the average knowledge score was 2.8 out of 5 points (SD 1.5)
in the intervention group (56.0% of the total score) and 1.8 out of 5 points (SD 0.4) in the control group (36.0% of the
total score). Significant group (pg = 0.002) and time-group interactions (pt*g = 0.023) were identified in the average
knowledge scores between the study groups (Table 1). After simulation education, however, the level of knowledge
related to oropharyngeal clearance (30.0%) and water-based oral moistening (40.0%) remained low. The median delta
knowledge score were 0.0 (25th–75th pct. -1.0–2.0) in the intervention group compared to 0.0 (25th–75th pct. -1.0–0.25)
in the control group (p = 0.43).
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Skills
In the baseline measurement, the average skill score was 5 out of 13 points (SD 1.0) in the intervention group (38.5%
of the total score) and 4.9 out of 13 points (SD 2.1) in the control group (37.7% of the total score). In the baseline
measurement, majority (78.6%) of patients had their teeth brushed (median duration 16.1 [SD 9.3] seconds), had swab
cleaning (92.9%), and had oral decontamination using chlorhexidine oral rinse or gel (64.3%). None of them, however,
received water-based oral moisturizer to oral mucosa or lips (Table 2).
Twenty-four months after simulation education, the average skill score was 5.3 out of 13 points (SD 1.5) in the
intervention group (40.8% of the total score) and 5.2 out of 13 points (SD 1.7) in the control group (40.0% of the total
score). No significant time (pt = 0.35) and group (pg = 0.15) differences or time-group interactions (pt*g = 0.11) were
identified between the study groups in the average skill scores (Table 2). However, the intervention group had higher
skill scores over the whole study period (pg = 0.03). After simulation education, the level of skills related to verification
of ETT cuff inflation prior to oral care (30.0%), teeth brushing (45.5%) and water-based oral moistening (9.1%)
remained low. The median delta skills score were 0.0 (25th–75th pct. -1–1) in the intervention group compared to 0.0
(25th–75th pct. -2.0–1.0) in the control group (p = 0.85).
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DISCUSSION

The aim of the study was to evaluate the longitudinal effects of single-dose simulation education with structured
debriefing and verbal feedback on critical care nurses’ knowledge and skills in adhering to current oral care
recommendations. It was hypothesized that the participants who received a simulation education would demonstrate
a higher level of knowledge and skills than those who did not receive it. However, the results did not support this
experimental hypothesis: 24 months after simulation education, the average knowledge score in the intervention group
increased significantly in the final postintervention measurement. However, single-dose simulation education
education with structured debriefing and verbal feedback had no impact on critical care nurses’ skill scores.
In the baseline measurement, critical care nurses’ knowledge and skills in adhering to current oral care
recommendations were unacceptably poor, consistent with past literature (DeKeyser et al., 2009; Perrie and Scribante
2011; Meherali et al., 2011; Chan et al., 2012; Gatell et al., 2012; Javadinia et al., 2014; Lin et al., 2014). In this
study, majority of participants had less than five years working experience, which may partly explain these low
baseline values; in the past literature, the level of ICU experience (≥7 years, senior registered nurses, team leaders)
have been associated with higher scores. Similarly, age (>30 years), gender (male), the type of ICU and the level of
education (bachelor’s degree) have been associated with higher scores (Feider et al., 2010; Jordan et al., 2014; Lin et
al., 2014).
Unfortunately, poor knowledge leads to uninformed choice of equipment and techniques in oral care. Contrary
to recommendations, for example, chlorhexidine oral rinse was diluted with sterile water and toothbrushes were
replaced with oral swabs, which may reduce their effectiveness. In our study, however, patients’ teeth were brushed
and chlorhexidine oral rinse or gel was used more frequently than reported in other studies (Cutler and Davis, 2005;
Jordan et al., 2014; Lin et al., 2014). In Croatia, only 58.1% of critical care nurses decontaminate patients’ mouths
with chlorhexidine (Jordan et al., 2014) even it has been associated with a 40% reduction in the odds of developing
VAP (Shi et al., 2013). In addition, only 45.2% of them use toothbrushes and toothpaste, which are similar results to
those obtained by Lin et al. (2014).
Similarity to Gatell et al. (2012), significant discrepancies were observed in critical care nurses’ knowledge
and skills in preventing microaspiration of oropharyngeal secretions which is the primary pathway for VAP (e.g.,
head-of-bed positioning, verification ETT cuff inflation prior to and post oral care, oro- and nasopharyngeal
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suctioning). In addition, moistening of the oral mucosa and lips were very rarely observed while in the United States
they are used more frequently (Binkley et al., 2004).
Similarity to Bingham et al. (2010), unit-level education had only a minimal effect on critical care nurses’
knowledge and skills in adhering to current oral care recommendations. Despite of increased awareness, there was no
significant difference in oral care practices between the study groups after simulation education. However, we found
some non-significant improvements in the head-of-bed positioning (60.0% vs. 90.9%), rotate positioning of ETT tube
(0% vs. 30%) and verification of ETT cuff inflation post oral care (28.6% vs. 60.0%). In addition, the median duration
of teeth brushing increased from 16.1 (SD 9.3) to 32.0 (SD 13.4) seconds in the final post-intervention measurement.
During the study, unfortunately, other practices remained unchanged or even decreased.
The variability of findings among the published studies might be the result from the lack of robust evidence
and a universal method for outcome measurement (e.g., variations in the research designs, lack of standardized
instruments, measurement, and follow-up times). Previous studies have showed that oral care practices have improved
significantly (from 33% to 97%) after multidisciplinary and multifaceted approaches (e.g., repeated training sessions
including theoretical training and practical exercises, assessment in conjunction with education, encouraging selflearning, reminders, direct feedback), indicating that these approaches may be the best ways to improve learning and
clinical outcomes (Cutler and Davis, 2005; Sona et al., 2009; Arroliga et al., 2012; Gatell et al., 2012; Lin et al.,
2014). Currently critical nurses’ oral care knowledge has been learned during their basic nursing education, which is
inadequate to respond to the needs of invasively ventilated critically ill adult patients. These global results emphasizes
the need for continuing education in this area. For example, only 66–77% of Asian and European nurses perceived
that they have adequate oral care training (Rello et al., 2007; Chan et al., 2012). Similarly, the majority of nurses have
had some formal training in oral care, but would appreciate an opportunity to improve their knowledge and skills
(Rello et al., 2007; Perrie and Scribante 2011; Javadinia et al., 2014).
The lack of significant enhancement may also have been attributable to the lack of motivation and selfregulation, which often enhances practioners’ learning, performance and transfer of training (Bauer et al., 2016, Orsini
et al., 2016). In health professions education, motivation is known to be influenced by education and also by other
factors such as work environment (e.g., safety culture, leadership, learning culture, peer support, opportunity to use
learned skills) and intra- (e.g., gender, age, personality traits, self-efficacy and expectancy, goal-orientation) and
interpersonal (e.g., autonomy-supportive learning climate, timely and constructive feedback, assessment, social
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pressure) factors (Martin 2010; Orsini et al., 2016). However, getting evidence into practice and implementing clinical
guidelines are dependent upon more than practioners’ motivation. According to past literature, the main self-reported
barriers toward guideline adoption and implementation have been nurse- (e.g., lack of knowledge and skills, limited
education, attitudes, beliefs, suspicions and perceptions), environmental- (e.g., lack of time, staff, supplies, guidelines
and equipment, workload) and patient-related (e.g., confused or uncooperative patients) factors (Perrie and Scribante
2011; Chan and Ng 2012; Jordan et al., 2014; Javadinia et al., 2014) that are likely to be equally influential (Forsner
et al., 2010).

Limitations
The lack of significant enhancement of oral care practices may have been attributable to the low statistical power
(because of low sample size, small effects or both) which may undermine the reliability of the study findings. The
withdrawal rate was higher in the control group compared with the intervention group which may lead to attrition bias.
However, the level of skills in the baseline measurement did not differed between participants who completed the
entire clinical trial according to the protocol and those who dropped out (data not shown). Due to the lack of baseline
characteristics (e.g., years of experience in critical care, qualification), randomization was stratified into two agebased strata to enhance the sample’s representativeness. In addition, random sampling, random assignment and use of
the control group were used to enhance the external validity of the study. However, the results may not be applicable
to different populations, settings or situations.

CONCLUSION

Single-dose simulation education had only a minimal effect on critical care nurses’ knowledge and skills in adhering
to current oral care recommendations. Despite of increased awareness, there was no significant difference in oral care
practices between the study groups after simulation education. Comprehensive oral care programs that improve both
the efficiency and efficacy of critical care services should be carefully developed, implemented and regularly
evaluated in order to ensure consistency and a high quality of standardized care.
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IMPLICATIONS FOR PRACTICE

In clinical practice, certain aspects of oral care (e.g., verify ETT cuff inflation prior to and post oral care, brush teeth
approximately 1–2 minutes, clean the oral cavity and pharynx every 2–4 hours and as needed, provide water-based
oral moisturizing to oral mucosa and lips every 2–4 hours and as needed), require more reinforcement than others.
The need for regularly repeated multidisciplinary and multifaceted educational approaches, updated policies and
regular auditing in conjunction with direct feedback is evident. In addition, comprehensive oral care procedures should
be incorporated as part of units’ orientation to ensure consistency and quality of care.

IMPACTS
What is known about this topic?
•

Oral care plays a crucial role in preventing ventilator-associated pneumonia.

•

Critical care nurses’ knowledge and skills in adhering to current oral care recommendations is insufficient.

What this paper adds?
• Nurse education programs may reduce the risk of developing ventilator-associated pneumonia by increasing
critical care nurses’ knowledge and skills in adhering to current oral care recommendations.
•

Single-dose simulation education with structured debriefing and verbal feedback had only a minimal effect
on critical care nurses’ knowledge and skills in adhering to current oral care recommendations.

•

The need for regularly repeated educational sessions with theoretical training and practical exercises and
direct feedback is evident.
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Table 1. Critical care nurses’ knowledge of recommended oral care practices before and after simulation education
Baseline 1
Recommended practices

1

Intervention
group
(n = 15)
2.2 (0.6)
4 (26.7)
15 (100.0)
0 (0.0)

Follow-up I 1
(3 months after the
intervention)
Intervention
Control
group
group
(n = 13)
(n = 12)
3.2 (1.1)
1.92 (0.8)
8 (23.1)
3 (25.0)
10 (76.9)
9 (75.0)
4 (30.8)
2 (16.7)

Control
group
(n = 15)
2.2 (0.6)
3 (20.0)
13 (86.7)
1 (6.7)

Follow-up II 2
(6 months after the
intervention)
Intervention
Control
group
group
(n = 13)
(n = 10)
3.0 (1.3)
1.8 (0.8)
6 (46.2)
0 (0.0)
11 (84.6)
7 (46.7)
5 (38.5)
1 (10.0)

Follow-up III 2
(24 months after the
intervention)
Intervention
Control
group
group
(n = 11)
(n = 6)
2.8 (1.5)
1.8 (0.4)
4 (40.0)
1 (16.7)
8 (80.0)
4 (66.7)
3 (30.0)
0 (0.0)

!" 3

!$ 4

!"∗$ 5

Total score (range, 0–5)
0.51
0.002
0.023
1. Existing oral care protocol
2. Brush teeth every 12 hours
3. Clean the oral cavity and pharynx
every 2 – 4 hours
4. Use chlorhexidine oral rinse or gel
14 (93.3)
14 (93.3)
13 (100.0)
10 (83.3)
11 (84.6)
9 (90.0)
8 (80.0)
6 (100.0)
5. Provide oral moisturizer every 2 –
0 (0.0)
0 (0.0)
4 (15.4)
3 (25.0)
4 (30.8)
0 (0.0)
3 (30.0)
4 (66.7)
4 hours
1
Simulation setting. 2 Clinical practice. NOTE. Values for total score are given as mean (SD). Values (valid percent) for knowledge are presented as n (%). P values reported for repeatedly measured data are as
follows: 3 the overall change over time (!" ), 4 the average group difference (!$ ), and 5 the interaction between time and group (!"∗$ ). A P < 0.05 is considered significant.

Table 2. Critical care nurses’ oral care practices before and after simulation education
Baseline 1
Practices
Total score (range, 0–13)
1.
Elevate the head-of-bed

Intervention
group
(n = 15)
5.0 (1.0)
9 (60.0)

Control
group
(n = 15)
4.9 (2.1)
10 (66.7)

Follow-up I 1*
(3 months after the
intervention)
Intervention
Control
group
group
(n = 13)
(n = 12)
6.0 (1.2)
5.2 (0.8)
13 (100.0)
10 (83.3)

Follow-up II 2*
(6 months after the
intervention)
Intervention
Control
group
group
(n = 13)
(n = 10)
6.7 (1.3)
4.6 (1.9)
13 (100.0)
10 (100.0)

Follow-up III 2*
(24 months after
the intervention)
Intervention
Control
group
group
(n = 11)
(n = 6)
5.3 (1.5)
5.2 (1.7)
10 (90.9)
5 (83.3)

!" 3

!$ 4

0.35

0.03

!"∗$ 5

0.11

2.
Verify suction pressure
7 (50.0)
6 (42.9)
7 (53.8)
5 (41.7)
1 (8.3)
0 (0.0)
1 (11.1)
0 (0.0)
3.
Verify ETT cuff inflation prior to oral care
3 (21.4)
0 (0.0)
6 (46.2)
0 (0.0)
5 (38.5)
0 (0.0)
3 (30.0)
2 (40.0)
4.
Swab mouth and palate every 2 – 4 hours
13 (92.9)
8 (57.1)
10 (76.9)
5 (41.7)
11 (84.6)
7 (87.5)
8 (72.7)
4 (80.0)
5.
Brush teeth and tongue with toothbrush
11 (78.6)
11 (78.6)
11 (84.6)
12 (100.0)
12 (92.3)
5 (62.5)
5 (45.5)
2 (50.0)
6.
Brush for approximately 1 – 2 minutes
0 (0.0)
0 (0.0)
1 (9.1)
0 (0.0)
3 (23.1)
1 (12.5)
0 (0.0)
1 (50.0)
7.
Use oral chlorhexidine rinse or gel
9 (64.3)
7 (50.0)
4 (30.8)
4 (33.3)
12 (92.3)
7 (77.8)
6 (54.5)
5 (83.3)
8.
Perform oropharyngeal suctioning
13 (92.9)
14 (100.0)
13 (100.0)
12 (100.0)
13 (100.0)
9 (100.0)
11 (100.0)
6 (100.0)
9.
Perform nasopharyngeal suctioning
6 (42.9)
8 (53.3)
4 (30.8)
5 (41.7)
3 (23.1)
3 (33.3)
4 (36.4)
2 (33.3)
10.
Rotate position of ETT regularly
0 (0.0)
1 (14.3)
0 (0.0)
0 (0.0)
3 (23.1)
0 (0.0)
3 (30.0)
1 (16.7)
11.
Apply oral moisturizer to oral mucosa
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (9.1)
0 (0.0)
12.
Apply oral moisturizer to lips
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
3 (23.1)
0 (0.0)
0 (0.0)
0 (0.0)
13.
Verify ETT cuff inflation post oral care
4 (28.6)
6 (42.9)
4 (26.7)
5 (41.7)
8 (61.5)
4 (50.0)
6 (60.0)
3 (60.0)
1
Simulation setting. 2 Clinical practice. NOTE. Values for total score are given as mean (SD). Values (valid percent) for knowledge are presented as n (%). P values reported for repeatedly measured data
are as follows: 3 the overall change over time (!" ), 4 the average group difference (!$ ), and 5 the interaction between time and group (!"∗$ ). A P < 0.05 is considered significant.
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