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The operator as a factor of success
in ART restorations
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Abstract

Aim: To evaluate the operator as a factor of success in atraumatic restorative treatment (ART)
restorations. Methods: This was a clinical intervention study. The sample consisted of 271 glass-
ionomer cement (Ketac Molar, 3M ESPE) restorations placed in 246 children aged 5 to 9 years
attending public schools in Recife, Brazil. The operators were two senior undergraduate dental
students and one dentist, classified as ‘inexperienced’ and ‘experienced’, respectively. Two groups
of children were formed: one treated by the undergraduate students and the other treated by the
dentist. The evaluation of the restorations took place at 1, 4 and 12 months by three senior
undergraduate dental students. Results: Comparing the operators, a significant difference was
found in class II cavities filled by students, who had a lower rate of success. There were no
differences between the dentist and undergraduate dental students for class I cavities.
Conclusions: The operator’s experience makes a difference in the success rate of more complex
ART restorations when an experienced operator receives the same training as an inexperienced
operator.

Keywords: dental atraumatic restorative treatment, permanent dental restoration, longevity, primary
dentition, operators.

Introduction

Atraumatic restorative treatment (ART) is an approach that was initially
developed to provide preventive and restorative care to people in low-income
countries. However, in the last few years, the use of ART has spread to countries
such as the USA, England, Scotland and The Netherlands1. This technique has the
advantages of reducing pain and fear2 and being more cost-effective than the
traditional approach using amalgam3. However, the technique is still being studied
aiming at increasing the survival of such restorations, especially on multi-surfaces.
Some reasons for the less than satisfactory results are related to the operator.

In the literature, factors such as material4, type of cavity5-6 and cavity size7

have been associated with the longevity of ART restorations. In this paper, these
factors associated with the operator will be discussed. It is important to bear in
mind that, in the literature, the word ‘operator’ indistinctly refers to a dentist, a
dental student or to any other oral health worker, each presenting different rates of
successful outcomes.

Some authors cited non-compliance with the protocol for ART8, the professional
qualification of the operator8, an inappropriate indication for ART9, the number of
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operators10, and the lack of a specific training course in ART11-

13, as well as the experience of operator and assistant7, as
factors that influence their performance. The training of
operators (dentists) in ART has led to higher survival rates
for these restorations14-15 Furthermore, in another study, when
trained operators were dental students, longevity was lower16.

The operator’s experience is another important factor to
be considered in a deeper manner. A dentist has a wider
experience of clinical interventions than a student. Despite
a greater clinical experience, however, the dentist might not
have had specific experience with ART restorations, or with
the working conditions at schools. According to Kemoli et
al.7 (2009), experienced operators and assistants in ART
showed the best rate of survival for proximal ART restorations.

Considering dentition, some studies on permanent teeth
showed the best results when the operator was a dentist and
much less satisfactory results when the operator was a dental
student (Table 1). In the studies with primary teeth, although
the operator was always a dentist, the success rate varied
greatly for both class II (from 12.2 to 83.3%) and class I
(from 43.4 to 93.7%).

The aim of the present study was to evaluate the operator
as a factor of success in ART restorations, especially
considering clinical experience and specific training in ART
restorations.

Material and methods

This study was carried out in public schools in Recife,
capital of Pernambuco state, Brazil. Children aged 5 to 9
years presenting carious lesions involving one or two surfaces
in primary molars were included in this study. The
examination was performed using a mouth mirror and an
explorer under natural light. The simplified World Health
Organization (WHO) form was used to record information.
Dental caries was recorded according to WHO criteria22.

The indication of ART was considered in cases of: (I)
Class I or Class II cavities in primary molars, accessible by
manual instruments; (II) absence of abscess or fistula near
the carious tooth and no pulp exposure expected if caries
was removed.

The operators were two senior undergraduate dental

students and one dentist. In this study, the dentist was a
practitioner with 5 years of experience. The students were
senior undergraduate dental students in their final year. The
dentist was an experienced and trained practitioner with over
two hundred ART restorations performed, while the students
had training with over thirty ART restorations but lacked
experience with children and with clinical practice in general.
The training consisted of getting informed about the ART
technique and protocol, watching practical demonstrations
of the technique and finally, applying this information in a
short, supervised practice. After training, the trainee was able
to perform restorations according to standard procedures.
Although the training was essential for performing the ART
protocol, it was limited to specific knowledge, while
experience provided skills to manage the patient as a whole
for both ART restorations and other clinical interventions in
the school environment.

Two groups of children selected by random lottery were
treated. One group was treated by the dental students and
the other by the dentist. Treatment was carried out inside
classrooms at the schools selected to take part in the trial.
Patients were positioned on a table. After using cotton rolls
to isolate the tooth, cavity opening was performed with a
dental hatchet, the soft carious tissue was removed with an
excavator, and the cavity and adjacent pits and fissures were
filled with a glass-ionomer cement (Ketac Molar/3M ESP/
Germany). Caries removal followed the recommendations of
Frencken et al.23, which preserved sound tooth tissue. Caries
removal after cavity preparation was checked by conventional
optical and tactile criteria. The conditioning of the cavity
(using the liquid of glass-ionomer cement-Ketac Molar/3M
ESPE) and adjacent pits and fissures with cotton wool pellets
preceded the placement of the glass ionomer. The cavities
were cleaned with three moist cotton wool pellets and dried
with three other cotton wool pellets before and after the
conditioning. The chair-side assistant, a dental student, mixed
the glass-ionomer cement according to the manufacturer’s
instructions. The dental students who participated in this
study had also been trained to mix the glass ionomer, but
they were not experienced assistants. Class II cavities were
filled after the placement of plastic bands and wedges. No
local anesthesia was used. Excess material was removed by

Honkala et al., 2003 14 Dentists 22 months 93.7 83.3

Taifour et al., 2002 15 Dentists 36 months 86.1 48.7

Frencken et al., 2006 17 Dentists 6.3 years 68.9 -

Gemert-Schriks et al., 2007 18 Dentists 36 months 43.4 12.2

Wang et al., 2004 16 Students 36 months 21.0 -

Cefaly et al., 2005 19 Dentists 6 months 100.0 96.0

Delgado-Angulo et al., 2005 20 Students 9 months 65.5 -

Lo et al., 2007 21 Dentists 6 years 76.0 -

Primary

Permanent

Dentition Author/Year Operators Follow-up
                                                                                            duration Class I             Class II

   (%)                   (%)

Success

Table 1: Overview of some studies in according to qualification of operator and
survival of ART.
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means of an applier/caver instrument, and the restoration was
coated with a layer of petroleum jelly.

The evaluation of the restorations took place after 1, 4
and 12 months, according to previously defined criteria by
Gemert-Schriks et al.18 (Table 2). Three trained and calibrated
senior undergraduate dental students evaluated the
restorations clinically using a CPITN probe, a mouth mirror
and a headlamp. Restorations scored code 0 and 10 were
considered successful, those scored codes 11-40 were
considered failures, while restorations scored codes 50-90
were excluded from the analysis. A Kappa test was performed
for intra- and inter-examiner evaluations. The Kappa test result
was higher than 0.8. The evaluators were involved neither in
the planning of the study nor in its execution.

Ethical approval was obtained from the Research Ethics
Committee of the University of Pernambuco, Brazil (Protocol
no. 190/08). The subjects were included in this study only
after the parent or guardian had signed the respective informed
consent form.

Results

The sample consisted of 271 restorations placed in 246
children of both genders aged 5 to 9 years, who were attending
public schools in Recife, Brazil. The restorations were divided
into two groups, 118 class I and 153 class II restorations. The
loss in the sample was around 5.0%.

There were no statistically significant differences
(p>0.05) between class I and II restorations performed by
the dentist at any of the evaluation periods (1, 4 and 12
months). However, there was a lower success rate in the class
II restorations performed by the students, revealing a
statistically significant difference (p<0.05) (Table 3).

Comparing the operators, a significant difference
(p<0.05) was found after 4 and 12 months in class II cavities
filled by students, who had a lower rate of success. There
were no significant differences (p>0.05) between the
performance of the dentist and undergraduate dental students
for class I restorations (Table 4).

Type of cavity

Operator Class I Class II p value

                          %  (n)   %  (n)

                                                     1 month

Dentist 88.0 (22) 73.2 (41) p (1) = 0.139

Student 94.6 (88) 70.1 (68) p (1) < 0.001*

                                                     4 months

Dentist 85.7 (18) 70.8 (34) p (1) = 0.184

Student 77.1 (64) 38.1 (32) p (1) < 0.001*

                            12 months

Dentist 66.6 (10) 48.3 (14) p (1) = 0.246

Student 51.9 (42) 14.1 (11) p (1) < 0.001*

Table 3: Distribution of success rate according to the type
of cavity at 1, 4 and 12 months

(*): Significant association at 5%. (1): Using the Pearson chi-square test.

Operator

Type of cavity Dentist Students p value

%  (n) %  (n)

                        1 month

Class I 88.0 (22) 95.2 (88) p (1) = 0.364

Class II 73.2 (41) 70.1 (68) p (2) = 0.682

4 months

Class I 85.7 (18) 77.1 (64) p (1) = 0.553

Class II 70.8 (34) 38.1 (32) p (2) < 0.001*

12 months

Class I 66.6 (10) 51.9 (42) p (2) = 0.290

Class II 48.3 (14) 14.1 (11) p (2) < 0.001*

(*): Significant association at 5%.  (1): Using Fisher´s Exact test. (2): Using the
Pearson chi-square test.

Table 4: Distribution of success rate according to the
operator at 1, 4 and 12 months

Code Evaluation characteristics

00 Restoration present, correct.

10 Restoration present, slight marginal defect/wear of surface (<0.5 mm). No repair needed.

11 Restoration present, gross marginal defect/wear of surface (>0.5 mm). Repair needed.

12 Restoration present, underfilled (>0.5 mm). Repair needed.

13 Restoration present, overfilled (>0.5 mm). Repair needed.

20 Secondary caries, discoloration in depth, surface hard and intact, caries within dentin. Repair needed.

21 Secondary caries, surface defect, caries within dentin. Repair needed.

30 Restoration not present, bulk fracture, moving or partially lost. Repair needed.

40 Inflammation of the pulp; signs of dentogenic infection (abscesses, fistulae, pain complaints). Restoration might still be in situ. Extraction needed.

50 Tooth not present because of extraction.

60 Tooth not present because of shedding.

70 Tooth not present because of extraction or shedding.

90 Patient not present.

91 Patient transferred.

Table 2: Evaluation criteria for the ART restorations 18

Discussion

This study considered experience and specific training
in ART restorations as factors related to operator that
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influence the longevity of these restorations.
The operator’s experience in dental clinical procedures

can give the best results in the survival of ART restorations10.
The operator’s professional skills, experience and training
in the ART approach are decisive for treatment success
because the clinical procedures will take place at schools,
with the children positioned on ordinary tables, under
conditions very different from those of the dental office
setting.

Although the professional’s general dental experience
has formerly been considered a positive factor in the survival
of ART restorations24, having specific ART training has
subsequently been found as more efficient for the longevity
of ART restorations than the dental professional’s
experience25.

With regard to the type of restoration and the operator,
the results of the class II restorations showed a significantly
lower success rate than those of class I, which is in agreement
with a number of other studies4,21,26,28. However, in the present
study, there was no difference between class I and II
restorations performed by the dentist. Class II restorations
performed by the students showed the worst results
(p<0.001). This operator effect has also been observed for
two-surface restorations by Gemert-Schriks et al.18, who
reported that more complex restorations need more
experienced operators. The suggestion is that inexperienced
operators require further practice after they have completed
their training. According to Kemoli and Amerongen27, prior
to the operative stage of the study, any operator who had
performed 50 ART restorations (half being class II and the
rest of any other class) would be classified as ‘experienced’,
and any operator who, after being trained, had done fewer
than 10 but more than 5 restorations of any class would be
classiûed as ‘inexperienced’ in the ART technique.

In the literature, the experience and training received
by operators are not always clearly described, making these
factors difficult to analyze. Furthermore, there are other
number of factors related to the operator that are not clear in
most studies such as the operator’s experience with children,
with the school environment or with the lack of infrastructure
of the dental office.

Specific training and experience can be summed up as
a combination of factors that associate the operator with
success in ART, such as those cited by Frencken et al.24: the
correct indication for ART, the appropriate mixing of the
glass ionomer cement, and the judicious insertion of the
material deep into the cavity. It seems that training and
experience are complementary; while training helps the
operator monitoring the protocol adopted, experience
provides the clinical skills to facilitate the implementation
of procedures, thus increasing the chances of success.

It may be concluded that clinical experience and specific
training in ART restorations for operators remains a goal that
has still to be achieved. The simple recognition that both factors
are fundamental for achieving higher rates of survival of ART
restorations represents per se a major step towards finding a
solution to the problem of survival in ART restorations.
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