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ABSTRACT
Purpose: The objectives of this clinical study were to: evaluate the survival of occlusal
atraumatic restorative treatment (ART) restorations, on a longitudinal basis, in the pri-
mary molars of children in Mosul/Iraq; and compare the success rate of ART restora-
tions placed with and without cavityconditioning.
Methods: One dentist placed96 ART restorations in 48 6- to 7-year-oldswho had bilateral
matched pairs of carious primary molars. A split-mouth design was used to place restora-
tions with and without cavity conditioning, which were assigned randomly to contrala-
teral sides. Restorations were evaluated after 6 and 12 months using the ART criteria.
Results: The survival rate of ART restorations placed with cavity conditioner was 89%
at the 6-month assessment and 74% at the 12-month assessment.The success rates of
ART restorations placed without cavity conditioning in the 2 assessments were 84%
and 67%, respectively. There was no statistically significant difference between the
ART restorations placed with and without cavity conditioner in both assessments
(P>O.05). The main cause of failurewas the lossof restoration.
Conclusions: The I-year success rate of occlusal ART restorations in primary molars
was moderately successful. The ART technique's cavity conditioning step was not
proven to be better than not using it for Class I lesions.
(J Dent Child 2009;76:136-41)
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p.;;raumatic restorative treatment (ART) is a mini-
mally invasive technique for removing soft, de-

ineralized, carious dental tissue using hand
instruments, followed by restoration of the tooth with an
adhesive restorative material-routinely glass ionomer
cement (GIC).1 ART was originally developed for and
introduced to economically underdeveloped populations
with limited resources.2 It also has applications in in-
dustrial countries, however, especially for: very young
children who are being introduced to oral care3, patients
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who experience extreme fear or anxiety about dental
procedures4,5, mentally and/or physically handicapped
patients5,6,home-bound elderly and nursing home
resident patients7,8,and patients from high-risk caries
clinics who can benefit from ART as an intermediate
treatment to stabilize conditions.3,9

The ART approach has been field-tested for a num-
ber of years in the Middle East,10-13far eastern Asia,14-16
and Mrica.17-19Data from published studies have shown
that the ART technique is successful in restoring single-
surface carious lesion in permanent teeth. The outcome
of ART restorations placed in the primary teeth has been
reported in some studies. The I-year success rate of Class
I ART restorations placed in primary molars varied from
63% to 100%, as reported by Menezes et al20and Ersin
et al/1 respectively (Table 1).
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Table 1. Success Rate (%) or Class I ART Restorations In Primary Molars
after I-year Follow-up

Success rates (%) GIC type Country Author(s) Year

79 Chem-Fil Thailand Frencken et al 199428

97 Chern-Flex China Luo et al 199929

90 Fuji IXGP China Luo et al 199929

91 Ketac-Molar China Lo and Holmgren 2001'0

96 Fuji IXGP China Yipe et al 200231

100 Fuji IXGP Turkey Ersin et al 200621

63 VirdironR Brazil Menezes et al 200620

82 Ketac-Molar Brazil Menezes et al 200620

Codes:0, 1, 2=successful;3-6=failure; 7-8=excluded

Table 2. Codes Used In the Evaluation ofthe ART Restoratlons3O

Code Criteria

0 Present and in good condition

1 Present with slight marginal defect; no repair is needed

2 Present with slight wear; no repair is needed

3 Present with marginal defect >0.5 mm; repair is needed

4 Present with wear >0.5 mm; repair is needed

5 Not present; restoration partly or completely missing

6 Not present; restoration replaced by another restoration

7 Tooth is missing, exfoliated, or extracted

8 Restoration not assessed; child not present

Cavity conditioning of ART restorations with mild
polyacrylic acid is considered to be one of the major
steps recommended by the ART manual.l The objective
of conditioning is to remove surface contaminants and
the smear layer, which improves GIC's bonding to the
tooth's structure.22,23 Yilmaz et al. 24 concluded that ap-
plication of conditioner agents to Class I cavities res-
tored with GIC in vitro either diminishes or complete-
ly eliminates microleakage. Other studies suggested that
conditioning the tooth surface is not a necessary step to
achieve good bonding. Clinical results of up to 4 years
have shown no significant differences in the retention
rate and marginal staining between lesions conditioned
with either Dentin Conditioner or Ketac Conditioner
and those cleaned with pumice and water.25-27 No pre-
vious study has directly compared the success of ART
restorations in situations where a conditioner has or has
not been used.

The objectives of this clinical study were to:
1. evaluate, on a longitudinal basis, the effectiveness

of occlusal Class I atraumatic restorative treat-
ment restorations placed in primary
molars of children in Mosul, Iraq; and

2. compare the survival of ART restora-
tions placed with and without cavity
conditioner.

METHODS
Five primary schools in a low socioeconomic
area in Mosul, Iraq were chosen; 431 6- to
7-year-olds were examined clinically for car-
ies using plane mirrors and sickle-shaped ex-
plorers. Children who had a matched pair of
primary molars with an occlusal carious lesion
of a si-milar size extending into the dentine-
with an entrance large enough to allow access
by hand instruments-were selected for ART
treatment. Teeth were excluded if there was a

definite or likely pulpal exposure or an
associated abscess. Prior to treatment, writ-
ten consent was obtained from all parents/
guardians through the school authorities.

Ninety six restorations were placed in
48 children by the same dentist with the
help of 2 final-year dental students using
the ART technique. A split-mouth design
was used to place the ART restorations with
and without conditioning of the cavities,
assigned randomly to contralateral sides.
The treatment was performed in the
schools following the standard ART pro-
cedurel using hand instruments and a
portable light. The children were treated
in the supine position on a table, and a
dental student served as a chairside assist-

ant to the operator. The restoration material used was
Ionofil (Voco, Germany), a hand-mixed glass iono-
mer recommended for use in Class I primary teeth.
Each child received 2 ART restorations: 1 performed
with a cavity conditioner; and 1 placed without a cavity
conditioner.

The tooth involved was isolated with cotton wool
rolls. Access was achieved using dental hatchets. Soft
carious tooth tissue was removed with excavators. The
prepared cavity and any associated fissures were washed
and dried. For the ART restorations with cavity condi-
tioner, the prepared cavity and any associated fissures
were conditioned with a mild polyacrylic conditioner
(GC cavity conditioner, GC Europe, Belgium) for 10
seconds according to the manufacturers' instructions.
The tooth was then washed with a wet cotton pellet and
blotted dry with a cotton pellet. The chairside dental
student assistant mixed the GIC according to the manu-
facturer's instructions, and the dentist packed the res-
toration into the cavity. The press-finger technique was
used to condense the material into the cavity and
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adjacent pits and fissures, thus providing a sealant res-
toration by using a gloved finger lightly lubricated with
petroleum jelly. Mter the restorations were set initially
and the dentist performed an occlusal adjustment, cavity
varnish (final varnish) was applied over them. No local
anesthesia was used for any of the restorations.

One blinded experienced dentist who was not invol-
ved in the placement of restorations evaluated the ART
restorations after 6 and 12 months using sharp sickle-
shaped explorers, WHO CPI periodontal probes, plane
mirrors, and a portable light source. The codes and cri-
teria used to evaluate the ART restorations are found in
Table 2. The ball end of the CPI probe (0.5-mm in
diameter) was used to measure the size of any marginal
defect and the amount of wear. The restorations that
scored codes 0, 1, and 2 were considered successful;
codes 3 to 6 were considered failures; and codes 7 and
8 were excluded from the analysis. Duplicate examina-
tions were conducted on a random 15% sample of chil-
dren in each follow-up examination to assess the
interexaminer reproducibility; the overall Cohen's kappa
value in both assessments was 0.87.

The data were analyzed using a software program
(SPSS 10.0 for Windows, SPSS, Chicago, Ill). McNemar's
test was used to assess the statistically significant survival
rates in the 2 ART techniques with and without a con-
ditioner. The difference was statistically significant if
P<0.05.

RESULTS
The mean age of children at the baseline was 6.7 years.
The number of children examined after 6 and 12 months
was 44 (88 restorations) and 39 (78 restorations),

respectively. The dropout rate was 8% in the first assess-
ment and 19% in the second assessment. The main reason
for the loss of follow-up was the unstable situation in
Iraq that made families move to other places.

The success rate of ART restorations placed with
cavity conditioning was 89% in the first assessment and
74% in the second assessment (Table 3). The success rate
of ART restorations placed without cavity conditioning
in these two assessments was 84% and 67%, respectively
(Table 3). The total success rate of all ART restorations
placed was 86% in the first assessment and 71% in the
second assessment. There was no statistically significant
difference between the ART restorations placed with
and without cavity conditioner in the first assessment
(P=0.771) and in the second assessment (P=0.543). Most
successful restorations were assessed to be in good condi-
tion, while the main reason of failure was that the
restoration was missing (Table 3).

DISCUSSION
GIC is always the material of choice in the ART techni-
que. This is because of its chemical adherence to dental
tissue, coefficient of thermal expansion similar to that of
a tooth,32 biocompatibility properties,33 and caries-
protective effect through the release of fluoride,33,34which
has antibacterial properties3,35,3Gand potentiates remine-
ralization that may prevent the development of second-
ary caries.37-39Furthermore, GIC restorations may act as a
rechargeable fluoride releasesystem.40,41

For comparative purposes, the clinical criteria used
to assess the quality of ART restorations in this study
were similar to those used in previous ART studies.30,42
The I-year success rate of Class I ART restorations with

Table 3. Status ofARTRestorations With and Without Cavity Conditioner after 6- and 12-month Examinations

ART restorations status 6 months* (N=44) 12 monthst (N=39)
(teeth=88) (teeth=78)

ART with conditioner ART without conditioner ART with conditioner ART without conditioner
N(%) N(%) N(%) N(%)

Success, in good condition 35 (79) 33 (75) 23 (59) 21 (54)

Success, slight marginal defect 2 (5) 3 (7) 2 (5) 3 (8)

Success, slight wear 2 (5) 1 (2) 4 (10) 2 (5)

Failed, gross marginal defect 1 (2) 2 (4) 2 (5) 3 (8)

Failed, gross wear 0 0 2 (5) 2 (5)

Failed, restoration partly or 4 (9) 5 (12) 6 (16) 8 (20)

completely missing

Failed, restoration replaced by 0 0 0 0
another filling

Total 44 (100) 44 (100) 39 (100) 39 (100)

"No significant difference; P>0.05 (P=0.771). t No significant difference; P>0.05 (P=0.543).
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cavity conditioner in this study (74%) was close to that
reported in an earlier study in Thailand,28 which was
79%. This success rate was lower than that observed in
other recent studies in China29-31and Turkey,21 which
reported a success rate in excess of 90%-up to 100%.
The relatively moderate success rate in this study may be
related to the use of GIC restorative material that is
not intended for ART restorations. New GIC materials
have been developed specifically for the ART technique
(eg, Fuji IV and Ketac Molar), which have improved
physical properties and greater wear resistance. Menzes
et apo reported an 82% success rate for Class I ART
restorations in primary molars by using a GIC type
intended for the ART technique (Ketac Molar), com-
pared to a 63% success rate by using another GIC type
that is not specific for the ART technique (Virdrion R).
The GIC material used in this study (Ionofi!, Voco)
was the best GIC material available in Iraq during the
period of study. While it is indicated for Class I primary
teeth, it is not specifically intended for ART restorations.

Another explanation for the moderate success rate in
this study may be due to the large size of some ART res-
torations performed. Lo et al.42 and Holmgren et al.43

noted that the survival rate of small Class I ART restora-
tions was much higher than that of the large ones. In
this study, no attempt was made to classify ART restor-
ations according to size; the major concern was to find bi-
lateral matched pairs of occlusal caries in primary molars.

The success rates of ART restorations performed with
a cavity conditioner were 5% and 7% higher than those
performed without a cavity conditioner after 6 and 12
months, respectively. No significant difference was obser-
ved, however, between the 2 ART approaches in both
assessments. Failure to condition the cavity prior to res-
toration was one of the explanations for the moderate
I-year success rate (76%) of ART restorations in perma-
nent teeth reported by Mallow et al.44

This is the first known study which directly compared
ART approaches with and without a cavity conditioner
in an attempt to decrease the steps and additional ex-
pense of the ART technique. More clinical trials are
needed to study the effect of cavity conditioning on the
survival of ART restorations in longer durations, larger
sample sizes, and multisurface restorations.

The main cause of ART restoration failure in this
study was due to loss of the restoration. This agrees with
previous studies concerning the survival of ART restora-
tions in the primary dentition. 10,21,30,45This may be due to
the failure of the ART technique to establish a desirable
design to accommodate the anatomical or morpholo-
gical structural limitations in the primary teeth, the fail-
ure to control salivary contamination in children, and
the fact that shallow ART restorations may be more sus-
ceptible to dislodgment in primary teeth. This reflects
the need for ART material with improved physical pro-
perties, especially in stress-bearing areas.

The loss of restorations and replacements were the
predominant failure characteristics for Class I ART
restorations in permanent teeth in some studies.14,42
Unacceptable defects at the margins and restorations
were the main cause of failure in other studies.13,18Cross-
marginal defects and secondary caries were the major
causes of ART restoration failures in a recent study.45

CONCLUSIONS
Based on this study's results, the following conclusions can
be made:

1. The I-year success rate of occlusal Class I ART
restorations in primary molars was moderately
successful.

2. Using newer, stronger glass ionomer cements
may produce a higher success rate.

3. The cavity conditioning step in the ART tech-
nique did not improve the success of Class I
primary tooth ART restorations.

4. The main cause of ART restoration failure was
loss of the restoration.
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