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ABSTRACT

Aims: To examine whether an audit and feedback 
system administered to groups of dental nurses 
could improve their awareness of dental sealant 
quality. Methods: A randomized cluster trial 
was performed among 45 dental nurses in 12 
hospitals (6 control and 6 intervention hospitals).  
The dental nurses’ baseline awareness about 
sealant effectiveness was ascertained by self-
administered questionnaires. Dental nurses 
applied dental sealant to 1703 children 4121 
teeth as their routine works. All sealed children 
were examined for sealant retention and caries. 
The audit and feedback system consisted of 
an examination of sealed teeth followed by 
confidential feedback of the data collected to 
the dental nurses who had applied the sealant.  
Logistic regression was used to estimate the 
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influence of baseline awareness on sealant 
effectiveness. After the audit and feedback, 
focus group discussions (FGD) were conducted 
in the intervention hospitals to establish the 
dental nurses’ awareness about service quality, 
and thematic content analysis was performed. 
Results: Forty percent of the dental nurses had 
low awareness about the effectiveness of sealant 
application. The rate of complete sealant retention 
and the rates of caries on sealed surfaces were 
poor at 41.2% and 4.2%, respectively. The dental 
nurses’ baseline awareness had significant effect 
on sealant effectiveness. The results from the 
FGDs showed an improvement in the subjects’ 
awareness of dental service quality. Conclusion: 
The intensive audit and feedback system was 
able to improve the dental nurses’ awareness of 
dental service quality.
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INTRODUCTION

Thailand has a high prevalence of childhood caries and 
low levels of dental service utilization among children. 
The percentage of dental caries in the permanent teeth 
of 12-year-old children has increased steadily from 45.8% 
in 1987 to 57.3% in 2002 [1]. In order to alleviate this 
problem, the school dental sealant program, which is 
recommended by the American Association of Community 
Dental Programs [2], was launched more than ten years 
ago. Community sealant programs, in particular school 
sealant programs, have been successfully employed 
in many countries over long periods [3]. In Thailand, 
such programs have been implemented in many areas 
in order to increase access to sealants. However, the 
outcomes of the use of sealants have generally been poor 
[4–7] due perhaps to differences among the quality of the 
service given by different providers. As a result, training 
programs have been launched to solve the effectiveness 
problem. However, the results are still unsatisfactory [7]. 
Therefore, a new strategy is needed to solve this problem. 

Audit and feedback is a strategy widely used to 
monitor improvements in the performance of physicians. 
The definition endorsed by the National Institute for 
Clinical Excellence is “A quality improvement process 
that seeks the improvement of patient care and outcomes 
through systematic review of care against explicit criteria 
and the implementation of change” [8]. Selected aspects 
of the structure, process, and outcomes of care are 
systematically evaluated against explicit criteria. Where 
indicated, changes are implemented at an individual, 
team, or service level and further monitoring is used to 
confirm improvements in healthcare delivery. Many 
studies have reported on the successful use of audit and 
feedback systems to improve performance in health and 
health related programs, for instance in the reduction of 
cesarean delivery rates [9–11], the prevention of venous 
thrombo-embolism [12–14] and the reduction of surgical 
site infection [15–16]. Jamtvedt et al. [17] who conducted 
a review of a large number of studies involving audit and 
feedback systems noted that: 

“… audit and feedback can be effective in improving 
professional practice. When it is effective, the effects are 
generally small to moderate. The relative effectiveness of 
audit and feedback is likely to be greater when baseline 
adherence to recommended practice is low and when 
feedback is delivered more intensively.”

Clearly, audit and feedback systems must be carefully 
and intensively designed if they are to be effective. 

Literature contains a small number of studies of 
the use of audit and feedback systems in dental health 
[18–19]. Bahrami et al. measured the effectiveness of 
dental practices who received audit and feedback relating 
to the management of impacted and unerupted third 
molars compared to a control group consisting of dental 
practices who were not subject to audit and feedback [18]. 
The study found that there was no significant difference 
in the proportion of patients whose treatment complied 

with the guidelines between the intervention group 
and the control group. Palmer and Dailey studied the 
experience of general dental practitioners in a clinical 
audit of the prescribing of antibiotics [19]. This was a 
qualitative study which documented changes in antibiotic 
prescribing practices and improvements in patient care. 

The purposes of this study were (1) to establish 
the baseline awareness of sealant effectiveness among 
dental nurses, and (2) to examine the effect of an audit 
and feedback system on the dental nurses’ awareness of 
sealant effectiveness. 

MATERIALS AND METHODS

Study design
The study was designed as a randomized cluster trial. 

The clusters were groups of dental nurses who provided 
school-based sealant programs in each health care unit in 
Songkhla province, Southern Thailand. Simple random 
sampling was performed to select 12 out of 15 health care 
units and these were then divided into two main groups; 
the intervention group which consisted of six clusters with 
23 dental nurses and the control group which included 
another six clusters with 22 dental nurses. 

Instruments 
The instruments used in this study were sealant and 

caries record forms, a self-administered questionnaire to 
establish baseline data regarding the subjects’ awareness 
of dental sealant effectiveness, and a semi-structured 
interview guideline based on a set of open-questions for 
the focus group discussions (FGD). 

The audit was done by examining of sealant retention 
and caries on the sealed surface. Sealant retention was 
classified as either, fully retained or loss of sealant 
retention, which included partially retained and missing 
sealant according to Simonsen’s criteria [20]. The 
criterion used to detect caries was based on those of 
Möller and Poulsen [21]. The reliability of intra-examiner 
and inter-examiners were performed in 15 children. 
The kappa values for intra-examiner agreement were 
0.75–0.8 for sealant retention and 0.80–0.85 for caries. 
The inter-examiner agreements were 0.75 for sealant 
retention and 0.82 for caries.

The content validity of the self-administered 
questionnaire and the FGD open question guidelines 
were performed by the two experts. 

Procedure
This study was done during 2009 and 2010. The 

whole process of this study was summarized in Figure 
1. The design of the audit and feedback system began 
at a preliminary workshop, in which the objectives of 
the program were set out and discussions held on the 
feasibility of the system. After the workshop, the school 
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sealant program was conducted in the usual way. The 
baseline data of their awareness of sealant effectiveness 
collected from the dental nurses. The audit system was 
set-up to examine the children’s teeth six months after 
sealant application to establish the extent of sealant 
retention and the presence of caries as an indication of 
service quality. 

The data from the first audit was analyzed and the 
feedback phase was conducted by two methods. The first 
method involved conducting workshops among the dental 
nurses in the intervention groups to discuss the results 
based on sealant retention and the development of caries. 
The qualitative data on sealant retention failures and 
caries were classified into six scenarios and the dental 
nurses discussed and identified the common causes 
of these scenarios. At the request of the dental nurses 
further workshops were conducted aimed at identifying 
solutions to these causes.

The second method by which feedback was conducted 
was through the presentation of quantitative data which 
included the sealant retention rate, and the rate of caries 
on the surface of sealed teeth. All data were presented 
at both a provincial level and a cluster level. Therefore, 
the providers in each cluster were able to compare their 
results to the overall result. The second feedback data was 
given confidentially to each cluster in the workshop in a 
sealed envelope. 

After implementation of the audit and feedback, FGD 
were conducted for each cluster in the intervention group. 
The scope of these discussions included their awareness 
of the effectiveness of the sealant they applied and how 
they used the feedback data to improve the quality of 
school sealant program. 

The places and times of the FGDs were chosen by the 
participants. All of the participants were asked to speak 
openly and honestly which is an essential feature of the 
audit and feedback system and open-minded and relaxed 
discussions were encouraged. Each FGD started with a 
brief introduction about the objectives of the program and 
its process, and ended with a summary of the main points 
arising from the discussion. The number of participants 
in each FGD was between three and seven depending on 
the number of providers in each cluster. The discussions 
occupied between 45 minutes and 3 hours and 30 minutes. 
The open question session followed the introduction and 
the researcher then followed-up the informants’ answers by 
asking follow-up questions to clarify and go deeper into the 
subject under discussion. The semi-structured interview 
guide was used to ensure that the discussion covered all 
the key areas. All the discussions were audio-recorded and 
were later transcribed verbatim by the interviewer.

The sample size necessary to maintain statistical 
validity was calculated based on the guidelines suggested 
for cluster randomized trials by Cosby et al. [22]. The 
total number of children estimated to be required was 
1500. The actual acquired sample size in this study was 
1704 children.

Data analysis
The data analysis was conducted using the R program, 

version 2.12.0 [23] employing descriptive statistics and 
logistic regression. The descriptive statistics derived 
from the data included frequencies and percentages. 
Logistic regression was used to assess the influence of 
the dental nurses’ awareness of sealant effectiveness 
on the recorded effectiveness of the use of sealant. The 
dependent variables in the regression analysis were 
sealant retention and caries on sealed surfaces, and 
the main independent variable was the dental nurses’ 
awareness of sealant effectiveness controlled for service 
settings and the children’s characteristics.

Thematic content analysis was performed on the 
qualitative data [24–25]. The process involved analyzing 
transcripts, identifying themes and gathering examples 
of those themes. This process was conducted both at 
the time of data collection and also during data analysis. 
During data collection, participant validation was effected 
by summarizing the key points of the discussion for them 
and asking them to verify that the summary was accurate. 
Peer review verification was conducted independently 
during data analysis by two experienced researchers who 
were involved in the collection of data at other FGDs.

RESULTS

Baseline data of the dental nurses and 
their awareness of sealant effectiveness 

There were 45 dental nurses in 12 clusters. There 
was no difference of these dental nurses’ characteristics 

Figure 1: Summary of the whole process of the first phase of 
audit and feedback system.
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between control and intervention groups. Forty-three of 
them were female. Two-thirds of them were more than 30 
years old (Table 1). Most of them had experience of sealant 
training courses and sealant evaluation, implemented the 
school sealant program both in hospitals and in school-
based settings. Nearly, 40% of dental nurses from both 
groups had low awareness of sealant effectiveness.

Baseline data of sealed teeth and sealant 
effectiveness

The characteristics and sealant effectiveness of the 
4121 sealed teeth from 1703 children are given in Table 2. 
There were significant differences of caries experience, 
tooth position and sealant retention of sealed teeth 
between control and intervention groups. High caries 
experience and high number of lower teeth were sealed 
in the control group more than the intervention group. 
Moreover, higher percentage of full sealant retention 
found among children in control group.

Factors influencing sealant effectiveness 
Tables 3 and 4 give the results from the logistic 

regression analysis. There was significant indication of 
the influence of dental nurse baseline awareness of sealant 
effectiveness. Low awareness on sealant effectiveness had 
more sealant loss compared to high awareness group. The 
intervention group had 2.31 times loss of sealant retention 
compared to the control group. The factors significantly 
related to sealant retention were the setting in which 
sealant was applied, the gender of the child, caries 
experience and tooth position. Application of sealant in a 

Table 1: Baseline characteristics of 45 dental nurses

Characteristics Group (%) p-value 

Control intervention

Age (years)
Less than 30
30 and higher

6
16

11
12 0.221

Attended sealant 
training course 
No
Yes

2
20

7
16 0.135

Sealant setting
Hospital 
Combined hospital and 
school 

9
13

5
18 0.208

Experience of sealant 
evaluation
No
Yes

7
15

8
15 1.00

Awareness of dental 
sealant effectiveness
High awareness
Low awareness

15
7

12
11 0.365

Table 2: Baseline characteristics and sealant effectiveness of 
4121 examined sealant teeth

Characteristics Group (%) p-value

Control Intervention

Setting ***
Hospital
School

269 (15.8)
457 (26.8)

346 (20.3)
631 (37.1) 0.487

Gender ***
Boy
Girl

386 (22.7)
340 (19.9)

511 (30.0)
466 (27.4) 0.724

Caries experience ***
Low 
High

408 (24.0)
318 (18.7)

498 (29.2)
479 (28.1) 0.035*

Tooth position ****
Lower
Upper

1137 (27.6)
566 (13.7)

1254 (30.4)
1164 (28.3) <0.001**

Retention ****
Full
Loss

903 (21.9)
800 (19.4)

795 (19.3)
1623 (39.4) <0.001**

Caries on sealed 
surface ****
Yes
No

73 (1.8)
1630 (39.6)

99 (2.4)
2319 (56.2) 0.761

* p-value <0.05 ** p-value <.001 
*** Children characteristics; n = 1703 children at baseline (726 
for control and 977 for intervention) 
**** Tooth characteristics n = 4121 teeth at baseline (1703 for 
control and 2418 for intervention)  

Table 3: Results of logistic regression of the effects of awareness 
on sealant retention, controlled for setting and children’s 
characteristics

Variables 
(reference)

OR 95% CI p-value

Group (intervention) 2.31 2.18, 2.45 <0.001**

Setting (mobile) 1.37 0.56, 0.90 <0.001**

Gender (female) 1.17 1.11, 1.77 0.017

Caries experience 
(high)

1.24 1.07, 1.47 <0.001**

Tooth position (upper) 1.32 1.13, 1.60 <0.001**

Awareness of service 
quality (low)

1.21 1.01, 1.52 0.024

Reference level of sealant retention = loss of retention
* p-value <0.05
** p-value <.001

hospital setting, male gender, application on lower teeth 
and low caries experience all tended to increase the rate 
of sealant loss significantly (Table 3) whereas there were 
no significant factors which influenced the rate of caries 
on sealed surfaces (Table 4). 
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The awareness of the sealant quality  
results from FGD  

The participating dental nurses were asked, how they 
felt about the results from the audit and feedback and 
what they did when they received feedback indicating 
poor sealant quality. It became apparent that the 
participants had two distinct reactions to such feedback. 
The impression emerging from their direct statements 
was of a conflict between the quantity of children who 
were treated and the quality of the service they received. 
On the other hand, their indirect statements indicated 
their wish to identify problems and to find ways of solving 
the problems identified by the data in the feedback. 

Direct statements indicating awareness 
about service quality 

All the dental nurses told us that they were dissatisfied 
with their sealant effectiveness and that they worried more 
about cases of partial sealant retention which were more 
prone to caries than about cases where the sealant was 
totally lost. They also talked about the conflict between 
the number of cases treated and the quality of the school 
sealant service. Dental nurses in Cluster I2 (intervention 
2), for instance, conducted their own evaluation of sealant 
effectiveness, and obtained a similar result to that which 
they received from the feedback given in this study and 
they found hard to believe. 

“There was high sealant loss in our area. We got a 
similar result from our own sealant evaluation and this 
made us feel very dissatisfied. We had not only wasted 
our material but also wasted our time. We realized that 
if our use of sealants was ineffective, we would just 
be waiting for caries to occur so that we could provide 
fillings…”. (Cluster I2)

“When we saw the results in the feedback, we discussed 
what we wanted to provide - quantity or quality? What 
should we do next? Should we get the names of children 
with partial sealant retention and caries and provide 
fillings for them? We were afraid that they might just get 
more caries”. (Cluster I4)

“Quantity is important but quality is more important. 
If we apply sealant in 8 or 10 cases without quality, we 
achieve nothing at all. We have wasted our time and 
money but we still have children with caries”. (Cluster I6)

Indirect statements indicating awareness of the 
problem and the desire to solve it.

The current policy
The dental nurses in all clusters complained that 

the policy, which aims to maximize the number of cases 
where sealant is applied, has resulted in poor service 
quality because the goal of the policy is not based on the 
actual situation in terms of the manpower available, the 
overall workload, the number of children needing to be 
treated and the condition of their teeth. Key performance 
indicators (KPI) have been set according to the policy and 
this affects the way in which the program is promoted. 
This problem is being dealt with by trying to allocate 
more manpower to the school sealant program.

“There are so many schools with so many children 
in our area. There are about 40 schools. Last year, the 
sealant target group was grade 1 which was about 1,000 
children. The goal was for 75% of all children to have their 
teeth sealed. This year, the policy also includes 25% of 
grade 6 children”. (Cluster I6)

“Some children were uncooperative when we tried to 
apply sealant to their teeth. We felt very stressed; how 
many cases were we expected to treat in an one hour?” 
(Cluster I5)

Dental Assistants
The most commonly identified cause of sealant failure 

was a lack of adequate qualified chair-side assistants.  
They do not act as chair-side assistants because of a lack 
of manpower, whilst there are general dental assistants. 
Two clusters (Clusters I2 and I5) had unqualified dental 
assistants who did not have a good attitude towards their 
role and provided ineffective assistance.  

“He did not assist me effectively and could not control 
saliva contamination. He did not pay attention to the 
work and did not love his job. When I tried to advise him, 
he was not interested in my advice”. (Cluster I2)

“We have two dental nurses and only one assistant 
available for the school sealant program. The dental 
assistant works in a general capacity. Only in case one 
of the children is uncooperative will the dental assistant 
help as a chair-side assistant”. (Cluster I1)

Equipment
The last problem that the dental nurses identified 

was with the quality of the equipment they used. The 
mobile school sealant program was implemented in 
order to increase the number of children who have 
access to sealant. The equipment is moved and set-up 
at each school the service visits. However, the system 
for maintaining the equipment is inadequate leading to 

Table 4: Result of logistic regression present the effects of 
awareness toward caries on sealed surface control for setting 
and children characteristics

Variables 
(reference)

OR  95% CI p-value

Group (intervention) 1.02 0.70, 1.34 0.910

Setting (mobile) 1.34 0.85, 3.16 0.181

Gender (female) 1.11 0.80, 1.41 0.519

Caries experience (high) 0.77 0.62, 1.01 0.096

Tooth position (upper) 0.72 0.58, 0.94 0.050

Awareness of service 
quality (low)

1.27 0.85, 2.51 0.233

Reference level of caries on sealed surface = caries on sealed 
surface
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broken and inefficient equipment in all the clusters. The 
participating dental nurses requested a workshop on 
routine maintenance and basic repair techniques for both 
dental assistants and dental nurses.

“We just have to repair our own equipment. Since we 
started the outreach sealant program, we have applied 
sealant in schools. This semester, the equipment was 
moved from place to place more than 17 times”. (Cluster I5)

“We need training on basic repair and maintenance 
techniques. We do not know much about the equipment. 
Once I had to call back to the hospital and ask how to 
solve a problem. That time, the solution was just turning 
on a switch”. (Cluster I2)

DISCUSSION

This study found poor sealant retention and a high 
rate of caries on sealed surfaces among school children. 
There was the evidence that the dental nurses’ baseline 
awareness of dental service quality influenced sealant 
effectiveness and nearly 40% of the dental nurses had low 
awareness on sealant effectiveness. The dental nurses’ 
awareness of service quality was apparent from their 
reactions after receiving feedback.

The effectiveness of the use of sealant found in this 
study was similar to that found in other studies in similar 
contexts [6–10]. This is much lower than that found 
in studies in developed countries where around 87% 
effectiveness has been recorded within one year [2]. Even 
though, in Thailand, the school sealant program has been 
operating for more than ten years and the program has 
been found to be ineffective in many studies [6–10]. 
Some efforts have been made to improve the sealant 
effectiveness achieved by the school sealant program. 
Tianviwat et al. [10] conducted a continuing education 
program providing training in sealant application 
techniques and the results showed a small improvement 
in sealant effectiveness [5]. However, a recent review 
of literature suggests that most of the studies relate 
to the causes of sealant failure due to clinical factors 
while neglecting other important factors such as service 
providers, policy and workload [2]. 

As previously noted, audit and feedback is a 
performance improvement strategy which can be effective 
in cases where baseline adherence to recommended 
practice is low and where feedback is delivered more 
intensively [22]. In the present study, the intensive 
feedback was based on the dental nurses’ own suggestions. 
They wanted to know about their effectiveness and the 
most common failures found in their context. They also 
wanted to be able to compare their effectiveness with the 
overall result achieved by all the clusters in the study as 
a benchmark for their performance. The most common 
types of failures noted by the researchers during their 
evaluation were presented to them as scenarios, such as 
the thickness of sealant applied and the most commonly 
fractured areas. 

Two-thirds of the dental nurses in this study had 
experience of sealant evaluation which was one of the 
processes in the audit system. However, in the past, the 
results of these evaluations had not been communicated 
to them. Therefore, they did not realized that there was a 
quality problem. 

Their perception of sealant effectiveness was different 
from the actual data given to them during the feedback 
sessions. The FGD findings revealed that the data given 
to them during feedback increased their awareness of the 
issue of service quality. The dental nurses discussed the 
issue of quantity versus quality within the school sealant 
program and were able to discover the causes of their own 
failures. The causes of failure discovered in this study 
were not generally found in other studies. They reflected 
the problems related to the specific context of this study 
and extended beyond purely clinical factors. 

Implications for practice
In Thailand, the school health care programs 

which included dental and general health care have 
been implemented in many areas in order to increase 
accessibility of school children. The usual evaluation 
based on the coverage of schools or children. Therefore, 
there was a problem of the quality of programs.

Health care systems have invested many resources in 
developing training courses to improve quality of care 
which showed a small improvement. The intensive audit 
and feedback system designed by whom who received 
the feedback showed the change of their awareness and 
identification of their problems. For problem solving, 
a partnership between the local provider, the health 
provincial office and the university is needed to solve the 
complex of the poor service quality which is beyond the 
clinical factors.  

There were a limited number of clusters allocated to 
the intervention and control groups, and the numbers of 
sealed teeth and the number of children whose teeth were 
sealed was different in each cluster. The strong point of 
the use of FGDs in this study is that they were able to 
deal with sensitive issues and to clarify them. However, 
their weakness is that the results which emerged relating 
to the causes of sealant failures are unlikely to be capable 
of being generalized beyond the specific context of the 
study, although generalizability was not the main purpose 
of this study. The next phase of this study should examine 
whether performance improvement occurs following the 
audit and feedback or not.    

CONCLUSION

The intensive audit and feedback system was able to 
improve the dental nurses’ awareness of dental service 
quality of school sealant program and initiate their 
problem solving.

*********
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