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A8STRACT
Purpose: The objective of this study was to compare the marginal leakage of cervical
glass ionomer restorations made using alternative restorative treatment (ART) and con-
ventional restoration techniques.
Methods: Twenty primary molars with Class V carious dentin on the buccal surfaces
were prepared using ART, and a second set of 20 noncarious molars had Class V pre-
parations made with a high-speed handpiece. The occlusal margin was located in
enamel and the gingival margin in dentin/cementum. All teeth were restored with
high-density glass ionomer cement (GIC; Fuji IXgp) according to manufacturers' in-
structions, thermally stressed for 300 cycles,and stained with methylene blue. Samples
were sectioned and evaluatedfor microleakage.
Results: One-way analysisof variance revealedno statisticallysignificant differencebe-
tween leakage at margins of ART and conventional restorations. (P=.92) There was no
significant differencebetween leakageat the enamel and dentin margins.
Conclusions: Alternative restorative treatment with high-density glass ionomer ce-
ment provides enamel and dentin margins that show marginal leakage comparable to
conventionally restored primary teeth. These results show the potential of ART in con-
junction with high-density GIC in providing treatment for children and adolescents in
situations where traditional cavitypreparation and restoration is not possible.
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Initiatedin the mid 1980s as part of a primary oral
health care program in communities with limited
resources in Tanzania, atraumatic restorative treat-

ment-also referred to as alternative restorative techni-
que (ART)-has benefited large numbers of children
who would otherwise have lost their teeth.I-3 ART
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involves manual caries removal with hand instruments
and restoration of the cavity with an adhesive fluoride
releasing material. It presents a low-cost, minimally in-
vasive, and patient-friendly approach to the manage-
ment of dental caries that has been found to be well re-
ceived by patients who have not previously received
restorative care.4 In 2004, the American Academy of
Pediatric Dentistry recognized ART as a useful and be-
neficial treatment of dental caries in situations where a
traditional cavity preparation and restoration is not pos-
sible, including very young, uncooperative, and special
health care needs patients.5

Glass-ionomer cement (GIC) material was originally
recommended for ART due to its physical properties,
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such as: chemical bond to enamel and dentin; fluoride
release; biocompatibility with pulp tissue; and coeffi-
cient of thermal expansion that is similar to teeth.6,7
To date, most ART investigations have focused on sur-
vival rates of restorations placed under field studies.
Vant Hoff and colleagues,8 in their meta-analysis on sur-
vival of ART restorations in primary and permanent
teeth, found higher survival rates for single-surface ART
restorations compared to multiple surface restorations.
The noted failures were mainly due to excessive wear,
defective margins, and loss of restoration.

Despite the beneficial properties of GICs, their low
fracture toughness, and poor wear resistance have limit-
ed their use by most clinicians and led to the develop-
ment of a new generation of high-density GICs. These
materials have greater flexural strength and better wear
resistance, largely due to smaller mean particle size and
increased viscosity.9 In addition, they are easier to han-
dle.lO Thus, Fuji IXgp (GC America Inc, Alsip, Ill), a
new high-density GIC, may offer significant benefits
when used in conjunction with ART in the manage-
ment of early childhood caries and patients who are un-
able to tolerate conventional treatment.

Though ART is gaining more recognition globally
as an alternative method of treatment, there is paucity
in the literature regarding the marginal integrity of ART
restorations in primary teeth. This is especially important,
as microleakage is a common cause of restoration fail-
ure, and may lead to secondary caries and pulpal irri-
tation.l1-13 Most microleakage studies have focused on
conventional restorations using various restorative mate-
rials.14-16 Castro and Feigal investigated leakage of high-
density GICs and compared it with traditional GICs
in conventionally prepared primary and permanent
teeth and showed significantly lower leakage around
high-density GIC restorations.17 There are no reported
laboratory studies that have looked at the marginal seal
of ART restorations in primary teeth.

The aim of this study was to compare the marginal
leakage of a high-density glass ionomer cement restora-
tion in extracted primary molars prepared using alterna-
tive restorative treatment and conventional preparations.

METHODS
Forty extracted human primary molars (carious and non-
carious) were debrided and stored in 0.5% chloramine
T solution at 23°C. Twenty teeth with Class V carious
dentin on the buccal surfaces were prepared using the
ART approach. A spoon excavator was used to remove
decayed tooth structure from buccal carious lesions.
Decay removal was verified by tactile examination with a
sharp explorer. A second set of 20 non carious teeth had
Class V preparations made on the buccal surface using
the conventional technique. A high-speed handpiece
with water spray was used with a no. 330 carbide bur to
obtain the depth of the preparation. The preparations

measured 3 mm in length and 1.5 mm in width and
had a surface depth of 1.5 mm. All cavity preparations
had occlusal margins located in enamel and gingival mar-
gins in dentin/cementum.

The teeth were restored according to manufacturers'
instructions. Restored teeth were stored in 100% re-
lative humidity at 37"C for 24 hours. The teeth were
then:

1. thermocycled for 300 cycles between 4°C and
GO°Cwith a dwell time of 15 seconds;

2. coated with nail polish, except for 2-mm sur-
rounding the restoration margins; and

3. immersed in 1% methylene blue for 4 hours.
Samples were rinsed with distilled water to remove

excess dye then sectioned in a buccolingual direction
through the center of each restoration with a low-speed
diamond saw (Buehler, Lake Bluff, Ill). The samples
were evaluated for microleakage at enamel and dentin/
cementum margins using a magnifying glass. The
most severe degree of dye penetration along the tooth-
restoration interface was recorded according to this
ordinal score:

O=no leakage;
1=leakage extending to half the depth of prepa-

ration;
2=leakage extending to the entire depth of prepa-

ration;
3=leakage extending to the axial wall.

A Kruskal Wallis I-way analysis of variance was per-
formed to compare microleakage between experimental
groups using Sigma Stat 3.5 statistical software Qandel
Scientific Software, San Rafael, Calif).

RESULTS
Table 1 summarizes the raw microleakage scores for the
experimental conditions evaluated. For conventionally
prepared teeth, the median score for enamel margins was
o. Table 2. Seventy-five percent of the samples scored
values of 1 or less at the enamel margin. Dentin margins
of conventionally restored teeth had a median score of
0, and 75% of samples had leakage scores of 1 or lower.
ART restored teeth had a median score of 0 at the
enamel margins, and 75% of the teeth scored 1 or less.

Table 1. Mlcroleakage scores of conventional
vsARTrestorations with FUJllXgp In primary
molars

Group
Leakage scores

0 1 2 3

ART-enamel margin 13 5 2 0

ART-dentin margin 13 2 5 0

Conventional-enamel margin 12 7 1 0

Conventional-dentin margin 11 6 3 0
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Table2. Median microleakage scores of conventional vsART
restorations with FUJllXgp in primary molars

Group N Median 25<hpercentile 75<hpercentile

ART-enamel margin 20 0,00 0,00 LOO

ART-dentin margin 20 0,00 0,00 L50

Conventional-enamel margin 20 0,00 0,00 LOO

Conventional-dentin margin 20 0,00 0,00 LOO

"Groups are not statistically significantly different (P=.92).

The median marginal leakage score at the dentin margins
was o. The 75 percentile score was 1.5. There was no
statistically significant difference between leakage at the
margins of ART and conventional restorations. There
was also no significant difference between leakage at the
enamel and dentin margins.

DISCUSSION
A major goal of restorative dentistry is the maintenance
of a marginal seal over a long period of time. This seal
can be affected by a variety of factors, including: adhesive
bonding to the tooth structure18; linear coefficient of ther-
mal expansion19; curing shrinkage20; and water sorption.21
Many studies have focused on the physical and chemi-
cal properties of restorative materials and adhesive agents
applied using the conventional restorative technique to
limit microleakage. Others have investigated cavity prepa-
rations using air abrasion, laser techniques, and margin
modification through beveling. The ART approach, still
in its infancy, has not been evaluated to determine its
effectiveness in maintaining a marginal seal in primary
teeth. Unlike the conventional technique of cavity prepa-
ration where cavity margins can be refined and modified
to achieve optimal adaptation and retention of restorative
materials, the ART technique involves use of hand in-
struments. Therefore, cavity design is dictated by the ex-
tent of decay. There is strong reliance on the restorative
material to achieve optimal adaptation and seal the cavity
margins which may be rough due to finishing with hand
instruments.

The ART technique in primary teeth provided ena-
mel and dentin margins that were comparable in mar-
ginal integrity to conventionally restored teeth. These
findings agree with a recent microleakage study com-
paring microleakage of GIC restorations prepared us-
ing the ART and conventional techniques in permanent
teeth.6 In both studies, high-density GICs were used.
The improvements9,lO associated with this material are
especially important, since ART-prepared teeth have
rough margins and walls compared to conventionally
prepared teeth22 and rely on the optimal adaptation and
seal of cavity margins by the restorative material.

While it is important to do these in vitro studies
but clinical studies are needed to substantiate the results

as in vitro studies do not accurately reproduce
conditions found in the oral cavity. Thermocy-
cling has been used in this study to simulate oral
conditions, however, there is no consensus on
its effectiveness in mimicking oral conditions.
The number of cycles reported in previous stu-
dies range from 300 to 5,000.23,24 Other studies
suggest that microleakage occurs more in vivo
than in vitro, whether or not samples are ther-
mocycled.25 In the absence of a definitive recom-
mendation for number of cycles needed to
simulate oral conditions, 300 cycles was applied

in this study. Further studies are needed to define
the role of thermocycling in simulating oral conditions
and predicting the clinical performance of restorations.

A variety of methods-including silver nitrate, air
pressure, and radioactive isotopes-have been used to
assessmicro leakage around restorations.26 In this study, a
widely used dye penetration test was used. Since the size
of oral bacteria are many orders of magnitude larger
than dye particles, the penetration of the dye can be re-
garded as an early indication of a compromised margin.27

This study provided a comparison of microleakage
rates between ART and conventional restorations in
primary teeth. This is vital, as ART is increasingly being
recognized as a useful and beneficial technique in the
treatment of dental caries in populations that cannot
endure or afford conventional restorations. Improved
materials such as the high-density GIC (Fuji IXgp) pro-
vide a major step for the ART, considering its com-
bined approach to preventive and restorative dental care.

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

1. The enamel margins of primary teeth restored
with high-density glass ionomer cement using
alternative restorative treatment have com-
parable marginal leakage to teeth restored con-
ventionally with the same material.

2. The dentin margins of primary teeth restored
with high-density GIC using ART have mar-
ginalleakage comparable to teeth restored con-
ventionally with the same material.

3. Leakage at the enamel and dentin margins of
teeth restored with high-density GIC using
ART are not different.
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